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MIDWINTER CONVENTION 


FEBRUARY 14, 15, 16, 1917 


The Fifth Midwinter Convention of the Institute will be 
held in the Engineering Societies Building, 25-33 West 39th 
Street, New York, on Wednesday, Thursday and Friday, 
February 14, 15, and 16, 1917. | 

The technical program, printed elsewhere in this issue, 
contains an unusually interesting list of papers on a wide 
variety of subjects, insuring some topic of particular interest 


to every member. 


ADVANCE NOMINATIONS 


The attention of members is called to the notice on page 3 of this 
issue regarding advance nominations for Institute officers for 1917-1918. 
To be valid, such advance nominations must be received by the Secre- 
tary not later than January 25, 1917. 
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INSTITUTE MEETING IN PITTS- 
BURGH JANUARY 12, 1917 


The 328th meeting of the American 
Institute of Electrical Engineers will be 
held in Pittsburgh, Pa., January 12, 
1917, under the auspices of the Pitts- 
burgh Section and the Traction and 
Transportation Committee. 

The official headquarters of the Insti- 
tute during the meeting will be in the 
Fort Pitt Hotel where the technical 
sessions and all other meetings will be 
held. "The registration office will be 
open at 9:00 a.m. and members and 
guests are requested. to register 
promptly. 

The morning and afternoon will be 
devoted to various committee meetings, 
to a number of inspection trips, and to 
the Board of Directors meeting. At 
6:30 p.m. an informal dinner will be 
served in the English Room of the Hotel 
to members and guests in attendance. 
The technical session will be held in the 
English Room at 8:00 p. m., the general 
subject of the meeting being “Керепег- 
ative Braking”. 

The Engineers Society of Western 
Pennsylvania, 2511 Oliver Building, 
Pittsburgh, has extended the privilege 
of its rooms to members and guests of 
the A. I. E. E. attending this meeting. 


PROGRAM 


COMMITTEE MEETINGS 


Standards Committee, 10:00 a. m. 
Meetings and Papers Committee, 2:00 
p. m. 
Finance Committee, 3:00 p. m. 


JANUARY, 1917 


Number 1 


Тһе Membership Committee, Traction 

and Transportation Committee, and 
Industrial Power Committee, will also 
hold meetings during the day as speci- 
fied in notices to the committee 
members. 


BOARD OF DIRECTORS 


Luncheon at 1:00 p. m. 
Regular monthly meeting at 3:30 p.m. 


INSPECTION TRIPS 


Inspection trips. to industrial plants, 
10:00 а. m. to 5:00 p. m. Informa-~ 
tion in regard to these trips can be 
secured at the registration office. _ 

Technical trips which have been planned 
are as follows: 

Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, 
Pa. 

Duquesne Light Company, 
Island Power Plant. 

Pittsburgh Railways Company, Home- 
wood Shops. 

Pittsburgh Railways Company, Taggart 
Street Substation. 

Bell Telephone 
Exchange. 

Two non-technical trips have been 
arranged as follows: 

Carnegie Institute Museum. 

H. J. Heinz Company. 

The Pittsburgh Railways Company will 
furnish special cars for the trips to 
its plants. 


Brunot 


Company, Grant 


INFORMAL DINNER 
An informal table d'hote dinner will 
be served to members and guests in the 
English Room of the Fort Pitt Hotel at 
6:30 p. m., price $1:50 per cover. 
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Dinner tickets should be purchased at 
registration headquarters as early as 
possible. 
TECHNICAL SESSION 
8:00 p. m. 

A paper will be presented on Regener- 
ative Braking of Electric Vehicles, by В. 
E. Hellmund, of the Westinghouse 
Electric & Manufacturing Co. 

This paper is an exhaustive study of 
regenerative control as applicable to 
various systems of electric railways, and 
in view of the wide possibilities which 
exist for successful regeneration the sub- 
ject of regenerative braking is rapidly 
assuming great commercial importance. 
Its practical advantages in electric 
railway work and for heavy railroads, 


as well as in various other fields, such 


as steel mills, etc., make it of special 
interest to engineers engaged in railway 
work and other applications of electric 
power. 
|». The paper is published in this issue of 
PROCEEDINGS and advance copies are 
available upon application to Institut 
headquarters. ' 
FonT Рітт HOTEL 
All correspondence in regard to hotel 
reservations should be addressed to the 
hotel management. Hotel rates on the 
European plan are as follows: 


Without With 

bath bath 

Single Rooms..... $1.50 $2.50 
to 

4.00 

Double Rooms...  $$2.50 $3.50 
and to 

3.00 6.00 


A. I. E. E. MIDWINTER 
CONVENTION 


FEBRUARY 14-16, 1917 


The Fifth Midwinter Convention of 
the American Institute of Electrical 
Engineers will be held in the Engineer- 
ing Societies Building, 33 West 39th 
Street, New York, February 14 to 16, 
1917. There will be five technical 
sessions, one each morning and on 


[Jan. 


Wednesday апа Friday afternoon. 
Thursday evening there will be a lecture 
under the auspices of the Electro- 
physics Committee. Wenesday evening 
and Thursday afternoon will be devoted 
to social features, inspection trips and 
other entertainment features which are 
being arranged by the Entertainment 
Committee and the Technical Excur- 
sion Committee. The technical рго- 
gram includes a diversity of subjects 
which will insure wide interest. 


Registration 


The registration office will be in the 
lobby of the Engineering Societies 
Building, and in order to facilitate hand- 
ling of mail telegrams, inquiries, etc., 
members and guests in attendance are 
requested to register promptly upon 
their arrival. 

PROGRAM 


Wednesday, February 14 


The convention will open with an 
address by President H. W. Buck, and 
will be followed by a paper under the 
auspices of the Standards Committee 
entitled Internal Temperatures of A-C. 
Generators, by Ralph Kelly. 


AFTERNOON SESSION 


Two papers will be presented at the 
afternoon session, which is under the 
auspices of the Protective Devices 
Committee; these papers are Reactors 17 
H ydroelectric Stations, by J. A. Johnson 
and Protection of Transformer Neutrals 
Against Destructive Transient Disturb- 
ances, by Max H. Collbohm. 


EVENING 


The evening will be devoted to a 
social function which is being arranged 
by the Entertainment Committee, the 
details of which will be published in the 
February PROCEEDINGS. | 


Thursday, February 16 
MORNING SESSION 


The morning session will be held 
under the auspices of the Electrophy- 
sics Committee, and three papers will be 
presented as follows: Corona and Recti- 
fication in Hydrogen by J. W. Davis and 
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C. S. Breese; The Electric Strength of 
Aw-VII by J. B. Whitehead and М. S. 
Brown; Oscillating Current Circuits by 
the Method of Generalized Angular 
Velocities by V. Bush. 


AFTERNOON 


Thursday afternoon will be devoted 
to inspection trips which are being 
planned by Technical Excursion Com- 
mittee, and there will also be a number 
of committee meetings which will be 
announced later, and the regular month- 
ly meeting of the Board of Directors. 


EvENING 


Thursday evening will be devoted to 
a lecture by Prof. R. A. Millikan on the 
subject of Modern Physics. 

The importance of the complete co- 
operation and mutual understanding of 
the engineer and physicist has been well 
emphasized in the past few years. 
Rapid advance, and the fact that the 
results of physical research are usually 
expressed in higher mathematics, and in 
the proceedings of physical and philo- 
sophical societies, seldom read by engi- 
neers, have made it difficult for them to 
keep informed.  Hoping to further the 
cooperation between  physicists and 
engineers, the Electrophysics Commit- 
tee of the American Institute of Electri- 
cal Engineers, has been very anxious to 
have placed before them in simple 
language, not involved in higher mathe- 
matics, some of the modern conceptions 
in Physics. Prof. R. A. Millikan, 
President of the Physical Society, has 
kindly consented to do this. 

The Electrophysics Committee of the 
American Institute of Electrical Engi- 
neers has been assisted in making аг- 
rangements, by the Committee оп 
Technical Physics of the American 
Phvsical Society. 

Prof. Millikan is President of the 
Атегісап Physical Society, Professor of 
Physics at the University of Chicago, 
and author of a number of text books on 
Physics. He was awarded the Com- 
stock Prize for research in electricity by 
the National Academy of Science, 1913; 
he has done some very important re- 


search work and is probably best known 
for his work on the isolation and meas- 
urement of the electron. 


Friday, February 16 
MORNING SESSION 


The morning session will be under the 
auspices of the Industrial and Domestic 
Power Committee which will present 
two papers dealing with the control of 
direct-current motors. These papers 
are Industrial Controllers with Particular 
Reference to the Control of D-C. Motors 
by H. D. James; and Analysts of Start- 
ing Characteristics of D-C. Motors by 
K. L. Hansen. 


AFTERNOON 


The final session of the convention 
will be held Friday afternoon and it is 
also under the auspices of the Industrial 
and Domestic Power Committee, the 
general subject being control of alter- 
nating-current motors. The two papers 
for this session are entitled Transient 
Conditions 1n Asynchronous Induction 
Machines and Their Relation to Con- 
trol by R. E. Hellmund; and Per- 
formance of Polyphase Induction Motors 
Under Unbalanced Secondary Conditions 
by A. A. Gazda. 

NOMINATIONS FOR INSTITUTE 
OFFICERS FOR 1917-18 


As provided in Section 20 of the 
Institute by-laws, candidates may now 
be proposed for nomination for the 
offices to be filled at the next annual 
election in May, 1917, by the petition 


' or by the separate endorsement in 


writing, of not less than fifty members. 
The petitions or separate endorsements 
must be in the hands of the Secretary 
not later than January 25, 1917. For 
the convenience of members, a form of 
petition has been prepared by the 
Secretary, and copies of it may be ob- 
tained upon application to Institute 
headquarters. Endorsements may, 
however, be made by letter if the form 
is not available. 

The officers to be elected are: a 
President and Treasurer, for the term of 
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one year each, three Vice- Presidents for 
the term of one year each, and four 
Managers, of whom the junior one 
shall serve for three years and the 
senior three for four years each. 

For the information of members, 
the full text of Section 20 of the by-laws, 
governing the proposal of candidates 
for nomination, is printed below: 

Sec. 20. In addition to the names of the 
incumbents of office, the Secretary shall publish 
on 'the form showing offices to be filled at the 
ensuing annual election in Мау,’ provided for in 
Article VI of the Constitution, the names as 
candidates for nomination, of such members of 
the Institute as have been proposed for nomina- 
tion for a particular office by the petition or by 
the separate endorsement of not less than fifty 
members, received by the Secretary of the 
Institute in writing by January 25 of each year. 


FUTURE INSTITUTE MEETINGS 


Chicago, Ill, March 9, 1917. "This 
meeting will be held under the auspices 
of the Chicago Section and the Com- 
mittee on Protective Devices. Тһе 


general subject will be: Recent Changes. 


іп Overload Relay Practise. Two pa- 
pers will be presented, one by Philip 
Torchio and the other by R. F. Schu- 
chardt, each telling of recent changesand 
developments in relay practise. The 
exact titles of these papers will be an- 
nounced later. 

The places and dates for other Insti- 
tute meetings in 1917, so far as autho- 
rized by the Board of Directors, are as 
follows: 

Schenectady, N. Y., April 13, 1917. 

New York, May 18, 1917, Annual 
Meeting. 

The Annual Convention will be held 
during the week beginning June 25, 
1917. 

The Pacific Coast Convention of 1917 
will be held in Los Angeles, Cal., at a 
date to be announced later. 


FUTURE SECTION MEETINGS 


Chicago. January 22, 1917. 
ject: Electrochemical Processes. 

February 26, 1917. Subject: The 
Making of Rates After Valuation. 


Sub- 
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Detroit-Ann Arbor.—January 14, 
1917, Ann Arbor. Prof. Franklin will 
give a lecture on ‘‘Mechanical Analogies 
in Electricity and Magnetism”. 

January 28, Detroit. 

Pittsfield.—January 4, 1917. Pa- 
per: "Aluminum and Its Alloys" by E. 
Blough. 

January 18, 1917. Paper: ''Electric 
Ship Propulsion" by W. L. R. Emmet. 

Schenectady.— January 4, 1917. 
Subject; “X-Rays and Their Uses”. 
Speakers: Dr. W. P. Darcy and Dr. A. 
W. Hull. 

January 19, 1917. 
F. Scott. 

Spokane.— January 19, 1917. 
ject: Municipal Engineering. February 
16, 1917. Subject: Transmission and 
Distribution. 


Speaker: Prof. C. 


Sub- 


А. I. E. E. DIRECTORS’ MEETING 
BOSTON, MASS., DECEMBER 8, 
1916 


The regular monthly meeting of the 
Board of Directors was held at the Mas- 
sachusetts Institute of "Technology, 
Cambridge, Mass., on Friday, Decem- 
ber 8, 1916, at 11:00 a.m. 

There was present: President H. W. 
Buck, New York; Past-President Paul 
M. Lincoln, Pittsburgh, Pa.; Vice-Pres- 
idents C. A. Adams, Cambridge, Mass., 
J. Franklin Stevens, Philadelphia, Pa., 
B. A. Behrend, Boston, Mass., L. T. 
Robinson, Schenectady, N. Y.; Man- 
agers А. S. McAllister, New York, John 
B. Taylor, Schenectady, N. Y., Charles 
Robbins, Pittsburgh, Pa., N. A. Carle, 
Newark, N. J.; and Secretary F. L. 
Hutchinson, New York. 

Тһе action of the Finance Committee 
in approving monthly bills amounting 
to $9,959.08, was ratified. 

The report of the Board of Examiners 
at its meeting held on November 28 was 
read, and the actions taken at that 
meeting were approved. 

Announcement was made of the ex- 
piration, on the fourth Thursday of 
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Jenuary 1917, of the term of Mr. Н.Н. 
Barnes, Jr., as one of the Institute's 
three representatives upon the Board of 
Trustees of the United Engineering So- 
ciety. Mr. Calvert Townley was ap- 
pointed by the Board of Directors to 
succeed Mr. Barnes for the three year 
term ending on the fourth Thursday in 
January 1920. | 

Dr. Samuel Sheldon, whose term as a 
representative of the Institute upon the 
L:orary Board of the United Engineer- 
ing Society expires оп December 31, 
1916, was re-appointed for the term of 
four years, ending December 31, 1920. 

The Secretary announced that in ac- 
cordance with Section 87 of the Institute 
5v-laws, President Buck would become 
a member of the John-Fritz Medal 
Board of Award on the third Friday of 
January 1917, to succeed Mr. Ralph D. 
Mershon whose term will expire upon 
that date. 

It was voted to hold the next meeting 
of the Board of Directors in Pittsburgh, 
Pa., upon the date of the Pittsburgh 
Institute meeting, January 12, 1917. 


ANNUAL MEETING OF SOCIETY 
OF AUTOMOBILE ENGINEERS 


The Society of Automobile Engineers 
will hold its Annual Meeting on January 
11, 1917. In the morning the Business 
Session will be held. "The Professional 
Session to which all members of the A. 
I. E. E. are cordially invited will be 
held in the Auditorium of the Engineer- 
ig Societies building at 1:00 o'clock. 
The following papers will be presented. 
Some Problems in Airplane Construc- 
uon—Capt. V. E. Clark; The Ultimate 
Туре of Tractor Engine—H. L. Hor- 
cing; Dynamic Balance of Rotating 
Parts and Dynamic Balancing Machines 
—F. Hymans; Dynamics of the Automo- 
Пе. W. Akinoff; Some Essential 
Features of High-Speed Engines—A. Е. 
Milbrath; Heat Balance Tests of Auto- 
mobile Engines—W. T. Feshleigh and 
W. E. Lay; Aerial Navigation Over 
Water— Elmer A. Sperry. 
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A. I. E. E. MEETING IN BOSTON 
DECEMBER 9, 1916 


The 327th meeting of the American 
Institute of Electrical Engineers was 
held on December 9, 1916 in the Central 
Lecture Hall of the Massachusetts In- 
stitute of Technology, Cambridge, under 
the auspices of the Boston Section and 
the Protective Devices Committee. 
Two sessions were held, the technical 
session at 3 p. m. and the evening 
session devoted to the presentation of 
the John Fritz Medal at 8.30 p. m. 


In addition to the regular sessions, 
there were a number of committee meet- 
ings and social functions, as follows: 


Standards Committee meeting at 9 
a. m., Finance Committee meeting at 
10.30 a. m. and Board of Directors 
meeting at 11 a. m. 


Several inspection trips to central 
stations and manufacturing plants 
were arranged for between 9 a. m. and 
1 p. m. and proved of interest to а con- 
siderable number. At 1 p.m. the 
Board of Directors was given a luncheon 
at the Harvard Club as guests of Pro- 
fessor C. A. Adams and Mr. B. A. 
Behrend. Ап informal dinner at the 
Riverbank Court was held at 6.30 p. m. 
and was attended by about two hundred 
members of the A. I. E. E. and their 
guests. 


President Harold W. Buck calling 
the afternoon meeting to order, briefly 
reviewed the serious situation that elec- 
trical engineers of twenty years ago 
faced, when called upon to install de- 
vices capable of successfully opening 
high-tension circuits. Не pointed out 
how this situation was cleared up by the 
introduction of the oil switch and how 
that in turn seems to be approaching 
certain capacity limits. President Buck 
introduced Mr. S. Q. Hayes of the 
Westinghouse Electric and Manufactur- 
ing Co., who presented his paper, en- 
titled Rupturing Capacities of Oil. Cir- 
cuit. Breakers. 

Mr. E. M. Hewlett of the General 
Electric Company then presented his 
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paper, entitled Rating of Ой Circuit 
Breakers. | 

Those who participated in the dis- 
cussion were Messrs. Chester Lichten- 
berg, N. L. Pollard, George А. Burn- 
ham, John L. Harper, John B. Taylor, 
K. C. Randall L. E. Imlay, C. A. 
Adams, E. N. Hewlett, S. Q. Hayes, H. 
R. Summerhayes, P. M. Lincoln, L. W. 
Chubb and H. W. Buck. 


PRESENTATION OF THE JOHN 
FRITZ MEDAL 


The evening session of the Boston 
meeting of the Institute, held December 
8, was assigned to the John Fritz 
Medal Board of Award, in accordance 
with a request received from that board 
that arrangements be made for the 
presentation of the John Fritz Medal to 
Dr. Elihu Thomson, Past President of 
the American Institute of Electrical 
Engineers, at a suitable meeting of the 
Institute. 

With the central lecture hall of the 
Massachusetts Institute of Technology 
at Cambridge, comfortably filled with a 
distinguished gathering of engineers, 
scientists and other guests and with 
most of the members of the Board of 
Award occupying the platform, the 
meeting was called to order at 8.30 p. 
m. by Professor Albert Sauveur, Chair- 
man of the John Fritz Medal Board of 
Award, who spoke as follows: 

"It is my pleasant duty to call this 
meeting to order, in order that we may 
proceed with the ceremonies of presen- 
tation of the John Fritz Medal to Pro- 
fessor Elihu Thomson, who was пот1- 
nated to be the medalist at the stated 
meeting in January, 1915, and elected 
at the following stated meeting in Janu- 
ary, 1916, his name, according to re- 
quirements, having been before the 
Board for a period of one year. 

“Тһе first speaker of the evening will 
be Mr. John J. Carty, the Chairman of 
the Committee of Presentation of the 
Board of Award, who will tell us some- 
thing of the history and significance of 

. the John Fritz Medal." 
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EXTRACTS FROM ADDRESS OF 
JOHN J. CARTY 

"My function in the ceremonies of 
this evening is to me a very pleasant 
one. It is to tell some things about the 
significance of the medal which is to be 
awarded. 

“Тһе John Fritz Medal was estab- 
lished by the professional associates and 
friends of John Fritz of Bethlehem, 
Репо., on August 21, 1902, his eightieth 
birthday, to perpetuate the memory of 
his great achievements in industrial 
progress. The medal is awarded for 
notable scientific or industrial achieve- 
ment. Аз there is no restriction on 
account of nationality or sex, the re- 
cipient of this medal 15 distinguished as 
being selected out of all the inhabitants 
of the earth as being the most worthy to 
recelve it. | 

“Тһе medal may be awarded annual- 
ly by a Board of sixteen, appointed or 
chosen in equal numbers from the 
membership ofthe four national societies 
the American Society of Civil Engineers, 
the American Institute of Mining En- 
gineers, the American Society of Me- 
chanical Engineers and the American 
Institute of Electrical Engineers. 

“Тһе first impression from the artist's 
design was given to Mr. Fritz himself 
at a great dinner given іп his honor at 
the Waldorf Hotel in New York in 1902. 
Those to receive the medal subsequently 
were Lord Kevlin, George Westinghouse, 
Alexander Graham Bell, Thomas Alva 
Edison, Charles T. Porter, Alfred Noble, 
Sir William Henry White, Robert 
Woolston Hunt, John Edson Sweet and 
James Douglas. 

“Апа to-night, gentlemen, we are to 
add to this distinguished list of great 
men, for his achievements in electrical ' 
invention, in electrical engineering and 
industrial development and in scientific 
research, the name of another great man 
who is well known and beloved by usall, 
Elihu Thomson." 

Chairman Sauveur next introduced 
Mr. E. W. Rice Jr. President of the 
General Electric Co., who spoke, in part, 
as follows: 
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From ADDRESS OF E. W. RICE, JR. 


“The medal which was awarded in 
january 1916 to Dr. Elihu Thomson, 
and which 1$ to be presented to-night, 
х for "Achievements in Electrital In- 
ventions, in Electrical Engineering, in 
Industrial Development and in Scien- 
{їс Research.” 


"It would be impossible in the brief 
time at our disposal to adequately 
describe theachievementsof our medalist 
ia these various fields. In the field of 
electrical inventions alone Prof. Thom- 
son has been awarded something over 
350 United States patents, and in other 
5е145, notably mechanical work, about 


150 patents. He has made contribu- 


tions to the world's scientific and tech- 
nical literature, set forth in several 
hundred articles describing not only his 
own discoveries and inventions but 
making remarkably interesting contri- 
butions to scientific speculation and 
thought. 


"Prof. Thomson’s electrical work 
began about 37 years ago with the in- 
vention of the three-coil arc dynamo, 
which, with its automatic regulator, and 
other novel features, formed the basis 
of the successful lighting system put out 
зу the Thomson-Houston Company 
beginning in 1880. : This machine was 
remarkable for its extreme simplicity, 


ruggedness, flexibility and general effi- - 


ciency. 

"You will be interested to learn that 
the original application for a patent for 
*his three-coil machine showed that it 
could also be used to produce alterna- 
ting currents. This alternating-current 
feature was but one instance of many 
where Prof. Thomson's ideas were years 
ш advance of the world's readiness for 
their reception. 


"The next 1mportant electrical inven- 
Чоп was the utilization of a magnetic 
ted to mechanically propel an electric 
arc. This idea took many forms and 
was first applied some time in 1881 in 
connection with a lightning arrester for 
his arc light system. His first lightning 
arrester took the form now well known 


as the horn lightning arrester, the gap 
between the horns being surrounded by 
the poles of a magnet. The first model 
of this lightning arrester was immed- 
iately put into commercial use and was 
manufactured without alteration for 
many years. 

“This important principle was im- 
mediately extended to the construction 
of switches in which the magnetic field 
was used to interrupt the arc formed 
upon breaking a circuit. АП these de- 
vices are known as magnetic-blowout 
devices and are used on a very extensive 
scale at the present time; notable appli- 
cations being found in the controllers 
for electric street cars, on electric trains 
for elevated roads and on large electric 
locomotives. 

"Prof. Thomson was one of the ear- 
liest workers in the field of alternating 
currents. As I have stated, his first 
three-coil dynamo was also intended to 
be used as an alternator. The modern 
transformer system with transmission at 
high potential and reduction of the po- 
tential in the secondaries of the Trans- 
formers was worked upon at the 
Franklin Institute in Philadelphia in 
1879, and in February of that year he 
ran two transformers by an alternating 
dynamo with the fine wire primaries 
connected in parallel to the dynamo 
line and the secondaries doing the 
local work. | 

“А patent granted in 1883 for a re- 
active coil points out very clearly the 
distinction between a resistance and a 
reactance, and sets forth the practical 
value of the ractive coil in regulating an 
controlling alternating-current circuits. 

‘‘While, as stated, Prof. Thomson had 
at а very early date confidence in the 
commercial value of alternating current, 
he objected to its commercial exploita- 
tion because he believed that no insula- 
tion could be devised which would make 
it impossible for the high-pressure 
alternating current to occasionally come 
into contact with the low-pressure cir- 
cuits with fatal results to the unsuspec- 
ting users. It was not until he con- 
ceived the idea of grounding the second- 
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ary circuit — which eliminated this 
danger, that he was willing to push the 
development of alternating current for 
commercial purposes. This idea of 
grounding the secondary circuit, in 
order to insure safety, is first disclosed 
in one of his patents granted in 1885. 

“Тһе year 1886 is notable for the in- 
vention of the art and process of electric 
welding which has already gone into 
very extensive use and which perhaps 
constitutes one of his most notable 
achievements, as by this invention he 
has contributed an entirely new art to 
the world. 


"In 1887, 1888 and 1889 Prof. Thom- 
son first proposed the method of using 
oil for insulating and cooling transfor- 
mers; a method universally used at the 
present time; and invented the constant 
current transformer. 


“Тһе alternating-current induction 
regulator, in which a movable secondary 
or primary is used, to vary the mutual 
induction and thereby control the cur- 
rent and voltage in an alternating-cur- 
rent circuit, was devised in 1888. 


"About this time Prof. Thomson 
made a large number of brilliant dis- 
coveries in connection with alternating- 
current repulsion phenomena, апа 
patented the first alternating-current 
single-phase repulsion motor, the basis 
of the existing single-phase motor. 


He rapidly devised instruments for 
the accurate measurement of alter- 
nating current and other apparatus 
needed in its regulation and distri- 
bution. 


"He also made the first very high- 
frequency dynamo. This was construc- 
ted in 1890 to give 4000 cycles a fre- 
quency from 30 to 40 times higher than 
that hitherto produced in a dynamo 
electric machine. Shortly after the 
introduction of this high-frequency 
dynamo he originated the method of 
producing a high-frequency alternating 
current from a direct-current arc by 
shunting the arc with inductance and 
capacity. About this time also he pro- 
duced his high-frequency transformer, 
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made a series of brilliant investigations 
and developed apparatus of extreme 
scientific interest, which form the basis 
of wireless telephone and telegraph 
work. 

"In this same decade, 1885 to 1895, 
we find Prof. Thomson busily engaged 
with electric meters, and asan outcome 
various meters known by his name were 
designed, of which over 4,000,000 have 
been sold and are now in operation. 
He also invented the electrical switch, 
operated from a distance, which forms 
the basis of the switching devices used 
on electric elevators, trolley cars, electric 
locomotives and electric trains on ele- 
vated and suburban roads, the essential | 
features of the so-called multiple-unit 
system. 

"In addition to these electrical inven- 
tions and contributions to electrical 
engineering, Prof. Thomson's active 
mind has found time to make valuable 
contributions in other lines. Among 
the earliest patents is a joint patent 
with Prof. Houston on a centrifugal 
creamer, filed in 1877 and issued in 
1881. 

"In this connection may be mentioned 
the electric air drill. In 1894 he de- 
vised a muffler for automobiles, a form 
of muffler which embodies a silencing 
principle which is remarkable for its 
effectiveness, and interesting because 
it employs the method of dividing up 
an impulse and lagging certain parts of 
it behind others so as to prevent an ex- 
plosive shock and spread the impulse 
over a considerable time. Не also de- 
vised numerous gas and oil engines, and 
developed a method of manufacturing 
fused quartz by electrical means, which 
gives every evidence of being the best 
yet devised. 

"It may not perhaps be generally 
known that our medalist 1s as much at 
home in the science of optics, in the 
practical application of its laws and in 
the design and use of apparatus, as he 
is with those of electrical science. If he 
had not chosen electrical engineering as 
his profession, but that of optics, he 
probably would have made a reputation 
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m that field comparable with that which 
te has made in electricity. 

“Не is equally at home in the science 
and practise of acoustics. Back in 1875 
^e constructed a pipe organ with several 
^anks of pipes and with electropneu- 
matic key action; many of the features 
oft which have been adopted in the in- 
dustry. 

"Prof. Thomson's scientific researches 
have been largely associated with his 
inventions, as his inventions are not 
those of the happy-go-lucky kind but 
are the result of careful and thorough 
research. 

“One of the earliest wireless experi- 
ments, of which I have knowledge, was 
made bv Profs. Thomson and Houston 
at the old High School in Philadelphia, 
in the Winter of 1879-80. 

"His first important research covered 
a study into the nature of and the elec- 
trical laws governing the operation of 
the electric arc. Тһе results of this 
investigation were published in the 
Franklin Institute Journal in 1879. 

"In February, 1896, was published 
the results of a careful research conduc- 
ted several years previously as to the 
dielectric strength of insulating oils 
under alternating-current potentials; 
пе points out for the first time the in- 
teresting and important fact that with 
high frequencies, the insulating power 
of oil always is, as measured by the 
striking distance in air relative to that 
in the oil, far in excess of the insulating 
power for low frequencies. In this re- 

search attention is called for the first 
"ume tothe extremely deleterious effect 
upon the insulating power of oil of an 
exceedingly minute quantity of moist- 
ure. 

"We hope that this sketch of Prof. 
Thomson's work, brief and imperfect 
as 11:15, will serve to illustrate the extent 
and variety of his knowledge and the 
range of his mental activities, and the 
ingenuity and great practical value of 
his work. 

"As a close observer of Prof. Thom- 
son's activities for over thirty-six years 
Г may be able to say something of inter- 


INSTITUTE AFFAIRS 9 


est as to his method of work. А skilled 
workman, he is always able to himself 
do the work which he asks others to 
perform. He prefers to make his own 
drawings, freehand sketches, to which 
he adds dimensions and a short written 
description. Не selects his own ma- 
terials, supervises the work, quickly 
makes such modifications as may be 
needed during its progress and stands 
constantly ready to give just the advice 
necessary to help over difficult places 
and turn failure into success. His in- 
ventions are the result of profound and 
accurate knowledge. In fact, Prof. 
Thomson perhaps more than any other 
inventor since the days of Henry or 
Faraday, combines in his person pro- 
found and accurate scientific knowledge 
with extraordinary technical skill. 

“It is difficult to restrain enthusiasm 
for one who has given the world so 
much, who has been and still continues 
to be such an inspiring example to all 
workers in science and industry." 

Dr. Richard C. Maclaurin, President 
of the Massachusetts Institute of Tech- 
nology was introduced as the next 
speaker. 


EXTRACTS FROM ADDRESS BY 
RICHARD C. MACLAURIN 


"It 1s a pleasure to take part in this 
tribute of respect to Professor Thomson 
not merely because of my association 
with him in the management of the 
affairs of the M. I. T., and the high 
personal regard that association with 
such a man entails, but because I realize 
that he 1s an educational force of great 
potency and that it is in the very highest 
interests of education that his merits 
should be widely appreciated and at 
least occasionally acclaimed. 

"Much nonsense has been spoken and 
written about the merits of national 
expositions and amongst the statements 
that might fairly be placed in this class 
is one to the effect that it was the Paris 
Exposition of 1878 that made Thomson 
an inventor. It has been forces within 
Professor Thomson far more than forces 
outside that have contributed to his 


10 PROCEEDINGS OF А. I. E. E. 


great success. He was twenty-five years 
of age at the time of the Paris Exposi- 
tion and had already received a sound 
scientific training and earned distinc- 
tion in his chosen field. Doubtless his 
visit to the Exposition stimulated his 
imagination and gave an incentive to 
his work, but it can hardly have made 
him an inventor. Be that as it may, it 
was not long thereafter that he became 
a marked man, through his notable 
contributions to science and its indus- 
trial applications. 

“Tt is certain that no mere enumera- 
tion of invention suffices as a measure of 
the man. It does not even suggest the 
whole story on its strictly scientific side. 
Many men come to an end of their rope 
when they have made a specific inven- 
tion. It is only a few who can correlate 
a series of inventions into an organized 
machine that will be effective and 
economical, and amongst such men 
Thomson is transcendent. Apart from 
this, however, as with all scientists of 
similar quality, the man is far more than 
the inventor. It would be an imper- 
tinence on my part to give you the full 
measure of the man, but I will touch on 
one or two aspects of his personality 
that are indicative of qualities making 
powerfully for his own success and con- 
tributing largely to his stimulating 
influence on others. 

“Much has happened in recent years 
to awaken the world to an appreciation 
of the fact that industrial improvement 
and national well-being depend very 
largely on the progress of science. 
Consequently, more attention is being 
given now than ever before to the 
problems of the schools of applied 
science. One of the greatest of the 
problems that confront these schools is 
the problem of finding adequate means 
of encouraging the spirit of scientific 
research. We must, of course, do this 
through our teachers and the funda- 
mental problem is to find and to attract 
men who combine two rare qualities; 
first the power of extending the boun- 
daries of knowledge; and second, the 
power of stimulating others to equally 
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effective endeavor. Thomson, had he 
continued in the schools, would have 
made the ideal teacher in this respect. 
Throughout his life he has not only 
done great things himself but shown an 
intense desire to help all who are strug- 
gling earnestly with scientific problems. 
He has proved an inspiration to an ever 
widening circle of engineers and others 
who have entrusted him with their 
secrets and sought his help in overcom- 
ing their difficulties. 

"In these days of increasing speciali- 
zation men’s vision is often narrower 
rather than wider as they advance in 
years. Thomson so far as his interests are 
concerned has taken the whole field of 
scientific development for his parish, 
not, of course, that he cultivated the 
whole field; but he has an intelligent 
interest in and an extraordinarily wide 
knowledge of what is going on in almost 
every portion of that field. It has 
sometimes seemed to me that not the 
least significant fact in regard to Pro- 
fessor Thomson’s work is the fact, 
known to those who have had the 
pleasure of seeing him in his home, that 
his laboratory is built right into the 
home and is an integral part of it. 
Probably thoughts on scientific prob- 
lems are never wholly absent from his 
mind, although he may be consciously 
thinking of quite other matters.” 


PRESENTATION OF MEDAL BY CHARLES 
WARREN HUNT. 


"It has been my good fortune to 
have been a member of the John Fritz 
Medal Board continuously since its 
inception fourteen years ago. And at 
this moment the selfish thought comes 
to my mind that no one else knows as 
well as I do just how interesting and 
delightful has been that long association 
with the representatives of all branches 
of the engineering profession, appointed 
for the purpose of singling out each 
year a man of practical science to re- 
ceive this special honor. 

"While the task of this Board is, as I 
said, a delightful one, it is, nevertheless, 
not an easy one. There are many men 
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in the engineering profession who 4е- 
serve to be signally honored. Апа it 
has seemed to me, during the delibera- 
tions of this Board, that in one sense it 
is too bad that there are not more 
medals to award. 

“As has been said in other words this 
evening, since the presentation of the 
onginal medal to John Fritz on the 
occasion of his eightieth birthday I 
believe every one will agree that each 
succeeding award has strengthened the 
remarkable group of men whose achieve- 
ments have added material to the wel- 
fare, safety, convenience and happiness 
of their fellow-man. The award which 
I am about to have the honor of making 
officially is certainly no exception to 
that rule. 

"Professor Thomson, [ now have the 
honor of presenting to you, sir, on behalf 
of vour brother engineers, as represented 
by the Board of Award, the John Fritz 
Medal for 1916. 


REsPONSE BY ELIHU THOMSON. 
"Words fail me when I try to express 


my deep sense of appreciation of the 


honor done me on this occasion. 

“Ав an award the John Fritz medal is 
itself exceptional, being accorded by a 
body made up of leaders in four en- 
gineering professions. For that reason 
it is more than usually distinctive. 

“If in the past forty years of work it 
has fallen to my lot to contribute in 
some degree to the advance of science 
and engineering, that fact alone is a 
great satisfaction. In the doing of a 
task, no matter how great or how small 
there is always a certain joy—the joy 
of accomplishment which is the im- 
mediate recompense for the effort and 
labor involved. 

It is my desire too, that it be not 
forgotten that others have shared in the 
work, perhaps by collaboration, by en- 
couragement; often in helping to estab- 
lish suitable conditions or environment. 
These should properly share in the hon- 
ors. 

"It need not be denied that at times 
there have been heavy burdens, dis- 
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couragements and obstacles, but these 
should only stimulate to greater effort. 
Looking back, it is the nature of man to 
treasure in memory the best—the hap- 
penings that have brought pleasure and 
satisfaction. Were it otherwise the 
outlook would be bad for progress or 
even for survival of the race itself. 
Above all must the investigator, the 
pioneer, be possessed of an unquench- 
able spirit of optimism: The unknown 
or unaccomplished must be to him a 
sort of challenge. 

“It may be interesting to mention 
here that I was present in New York 
on the occasion of the establishment 
of the John Fritz Medal, and then met 
the staunch veteran himself in whose 
honor it was created. I heard him tell 
of his early struggles, and experiences. 
His, indeed, was an indomitable spirit 
and ardor that cannot fail to succeed. 
The occasion was memorable. Seated 
as a listener it was furthest from my 
thought that the testimonial would 
ever come to me, as it now has. 

"I thank the Board of Award most 
sincerely for this beautiful token of 
confidence and appreciation bestowed, 
and assure the members that I esteem it 
most highly. 

"In the years past I have simply 
worked on the problems before me— 
things needed to be done or worthy to be 
done—I verily believe I could not have 
helped it if I had tried. Difficulties 
often arose, but I certainly enjoyed to 
the full the satisfactions and rejoiced if 
the general progress was in any degree 
assisted. 

"Beginning active life as a teacher, 
not the least part of the satisfaction 
has been to assist other workers freely 
by advice or suggestions based on 
knowledge gained. 

"In conclusion permit me to add that 
I am deeply touched by the presence on 
an occasion so special to myself of so 
many friends; to each and all of whom 
I desire to convey my grateful acknowl- 
edgments. То the speakers who have 
enlightened you and embarrassed me 
I owe a special debt. 
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great success. He was twenty-five years 
of age at the time of the Paris Exposi- 


tion and had already received a sound . 


scientific training and earned distinc- 
tion in his chosen field. Doubtless his 
visit to the Exposition stimulated his 
imagination and gave an incentive to 
his work, but it can hardly have made 
him an inventor. Be that as it may, it 
was not long thereafter that he became 
a marked man, through his notable 
contributions to science and its indus- 
trial applications. 

“It is certain that no mere enumera- 
tion of invention suffices as a measure of 
the man. It does not even suggest the 
whole story on its strictly scientific side. 
Many men come to an end of their rope 
when they have made a specific inven- 
tion. It is only a few who can correlate 
a series of inventions into an organized 
machine that will be effective and 
economical, and amongst such men 
Thomson is transcendent. Apart from 
this, however, as with all scientists of 
similar quality, the man is far more than 
the inventor. It would be an imper- 
tinence on my part to give you the full 
measure of the man, but I will touch on 
one or two aspects of his personality 
that are indicative of qualities making 
powerfully for his own success and con- 
tributing largely to his stimulating 
influence on others. 

“Much has happened in recent years 
to awaken the world to an appreciation 
of the fact that industrial improvement 
and national well-being depend very 
largely on the progress of science. 
Consequently, more attention is being 
given now than ever before to the 
problems of the schools of applied 
science. One of the greatest of the 
problems that confront these schools is 
the problem of finding adequate means 
of encouraging the spirit of scientific 
research. We must, of course, do this 
through our teachers and the funda- 
mental problem is to find and to attract 
men who combine two rare qualities; 
first the power of extending the boun- 
daries of knowledge; and second, the 
power of stimulating others to equally 
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effective endeavor. Thomson, had he 
continued in the schools, would have 
made the ideal teacher in this respect. 
Throughout his life he has not only 
done great things himself but shown an 
intense desire to help all who are strug- 
gling earnestly with scientific problems. 
He has proved an inspiration to an ever 
widening circle of engineers and others 
who have entrusted him with their 
secrets and sought his help in overcom- 
ing their difficulties. 

"In these days of increasing speciali- 
zation men's vision is often narrower 
rather than wider as they advance in 
years. Thomson so far as his interests are 
concerned has taken the whole field of 
scientific development for his parish, 
not, of course, that he cultivated the 
whole field; but he has an intelligent 
interest in and an extraordinarily wide 
knowledge of what is going on in almost 
every portion of that field. It has 
sometimes seemed to me that not the 
least significant fact in regard to Pro- 
fessor Thomson's work is the fact, 
known to those who have had the 
pleasure of seeing him in his home, that 
his laboratory is built right into the 
home and is an integral part of it. 
Probably thoughts on scientific prob- 
lems are never wholly absent from his 
mind, although he may be consciously 
thinking of quite other matters." 


PRESENTATION OF MEDAL BY CHARLES 
WARREN Номт. 


"It has been my good fortune to 
have been a member of the John Fritz 
Medal Board continuously since its 
inception fourteen years ago. And at 
this moment the selfish thought comes 
to my mind that no one else knows as 
well as I do just how interesting and 
delightful has been that long association 
with the representatives of all branches 
of the engineering profession, appointed 
for the purpose of singling out each 
year a man of practical science to re- 
ceive this special honor. 

"While the task of this Board is, as I 
said, a delightful one, it is, nevertheless, 
not an easy one. There are many men 
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ш the engineering profession who de- 


serve to be signally honored. Апа it 
has seemed to me, during the delibera- 
tions of this Board, that in one sense it 
is too bad that there are not more 
medals to award. 

"As has been said in other words this 
evening, since the presentation of the 
original medal to John Fritz on the 
occasion of his eightieth birthday I 
believe every one will agree that each 
succeeding award has strengthened the 
remarkable group of men whose achieve- 
ments have added material to the wel- 
fare, safety, convenience and happiness 
of their fellow-man. Тһе award which 
I am about to have the honor of making 


officially is certainly no exception to 


that rule. 

"Professor Thomson, I now have the 
honor of presenting to you, sir, on behalf 
of your brother engineers, as represented 
by the Board of Award, the John Fritz 
Medal for 1916. 


RESPONSE BY ELIHU THOMSON. 
"Words fail me when I try to express 


my deep sense of appreciation of the 


honor done me on this occasion. 

" As an award the John Fritz medal is 
itself exceptional, being accorded by a 
body made up of leaders in four en- 
gineering professions. For that reason 
it is more than usually distinctive. 

"If in the past forty years of work it 
has fallen to my lot to contribute in 
some degree to the advance of science 
and engineering, that fact alone is a 
great satisfaction. In the doing of a 
task, no matter how great or how small 
there is always a certain joy—the joy 
of accomplishment which is the im- 
mediate recompense for the effort and 
labor involved. 

It is my desire too, that it be not 
forgotten that others have shared in the 
work, perhaps by collaboration, by en- 
couragement; often in helping to estab- 
lish suitable conditions or environment. 
These should properly share in the hon- 
ors. 

"It need not be denied that at times 
there have been heavy burdens, dis- 
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couragements and obstacles, but these 


_ should only stimulate to greater effort. 


Looking back, it is the nature of man to 
treasure in memory the best—the hap- 
penings that have brought pleasure and 
satisfaction. Were it otherwise the 
outlook would be bad for progress or 
even for survival of the race itself. 
Above all must the investigator, the 
pioneer, be possessed of an unquench- 
able spirit of optimism: The unknown 
or unaccomplished must be to him a 
sort of challenge. 

"It may be interesting to mention 
here that I was present in New York 
on the occasion of the establishment 
of the John Fritz Medal, and then met 
the staunch veteran himself in whose 
honor it was created. I heard him tell 
of his early struggles, and experiences. 
His, indeed, was an indomitable spirit 
and ardor that cannot fail to succeed. 
The occasion was memorable. Seated 
as a listener it was furthest from my 
thought that the testimonial would 


ever come to me, as it now has. 


"I thank the Board of Award most 
sincerely for this beautiful token of 
confidence and appreciation bestowed, 
and assure the members that I esteem it 
most highly. 

"In the years past I have simply 
worked on the problems before me— 
things needed to be done or worthy to be 
аопе--І verily believe I could not have 
helped it if I had tried. Difficulties 
often arose, but I certainly enjoyed to 
the full the satisfactions and rejoiced if 
the general progress was in any degree 
assisted. 

"Beginning active life as a teacher, 
not the least part of the satisfaction 
has been to assist other workers freely 
by advice or suggestions based on 
knowledge gained. 

"In conclusion permit me to add that 
I am deeply touched by the presence on 
an occasion so special to myself of so 
many friends; to each and all of whom 
I desire to convey my grateful acknowl- 
edgments. То the speakers who have 
enlightened you and embarrassed me 
I owe a special debt. 
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“А final word to the younger men who 
must be entrusted with the future. If 
to them the way may at times seem 
long, the obstacles many, the self denial 
and effort extreme, I would say,— 
enthusiasm, the habit of constant 
thought, never shrinking from seeming- 
ly hard tasks, honesty of purpose and 
the realization that obstacles are often 
only stepping stones in disguise, will go 
far to insure coveted success.” 


TOPOGRAPHICAL MAP OF 
UNITED STATES 


For some time there has been a move- 


ment to expedite the completion by the - 


United States Geological Survey of a 
topographical map of the United States, 
and with the object of assisting in this 
movement, the Board of Directors 
adopted the following resolution at a 
meeting held November 10, 1916: 


WHEREAS, a complete topographical map of 
the United States would be of inestimable value 
to Engineers in connection with the development 
of Hydroelectric, Irrigation, Highway, Railway, 
. Mining and other engineering enterprises. 


RESOLVED, that this Board hereby extends its 
earnest support to the movement to expedite the 
completion by the U. S. Geological Survey of the 
topographical map of the United States, and urges 
the interested members of this Institute to use 
their influence with their Congressmen to the end 
that a larger appropriation be made for the 
tepographical work of the U. S. Geological Survey. 


RESEARCH FELLOWSHIPS, 
UNIVERSITY OF ILLINOIS 


The University of Illinois maintains 
fourteen Engineering Experiment Sta- 
tion Research Fellowships and опе 
other such fellowship has been estab- 
lished under the patronage of the Illinois 
Gas Association. These fellowships, 
annual stipend $500.00 each, are open 
to graduates of approved American and 
foreign universities and technical schools. 
Appointments are made for two con- 
secutive years. 

Nominations to these fellowships, 
accompanied by assignments to special 
departments of the Engineering Experi- 
ment Station, are made from applica- 
tions received by the Director of the 
Station each year not later than the Ist 
of February. 


| lantern slides. 
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PAST SECTION MEETINGS 


Boston.— November 14, 1916. Ad- 
dress by Mr Leonard L. Howard on 
"Mica, Its Sources and Manufactured 


Product". Attendance 90. 
Chicago.— October 25, 1916, Fuller- 
ton Hall. Address by Dr. C. P. 


Steinmetz on “Тһе Effect of the Eu- 
ropean War on American Industries". 
Attendance 500. 

Cleveland.— November 20, 1916, Ho- 
tel Statler. Paper: “Тһе Lighting of 
the Ноте” Бу Н. Т. Spaulding. Joint 
meeting with Pittsburgh Section of 
Illuminating Engineering Society. At- 
tendance 104. 

Denver— November 18, 1916, Denver 
Athletic Club. Paper: ''Street Rail- 
way Fallacies and Facts" by H. C. 
Kendall. Paper was illustrated by 
Attendance 32. 


Detroit-Ann Arbor.—October 13, 
1916, Detroit Engineering Society. 
Paper: "Electricity in the Baking of 
Protective Coatings" by C. F. Hirsh- 
feld. Attendance 75. 

November 10, 1916, Detroit Ер: 
neering Society. Paper: ‘‘Telephone 
Rates" by G. M. Welch. Attendance 
45. 

December 8, 1916, Ann Arbor. 
Paper: 'Submarine Boats" by Н. C. 
Sadler. Attendance 93. 


Indianapolis-Lafayette. — November 
9, 1916, Indianapolis. Paper: “Сотти- 
tation of D-C. Machines with Inter- 
poles," by Alfred Still. Attendance 36. 

Election of officers as follows; chair- 
man, J. L. Wayne, vice-chairman, C. F. 
Harding; secretary-treasurer, C. A. 
Cora; executive committee, Gordon E. 
Varney and A. N. Topping. 


Ithaca.— November 17, 1916, Frank- 
lin Hall, Cornell University. Paper: 
"Large Single-Phase Loads from Three- 
Phase Stations” by Е. Е. Alexanderson. 
Attendance 67. 

Kansas City.— November 11, 1916, 
Fort Leavenworth. Inspection of Fed- 
eral Prison at Leavenworth, including 
the new addition and power plant. 
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Joint meeting with Engineers Club of 
Kansas City. Attendance 61. 1 

December 11, 1916, Y. M. C. A. 
Paper: “Тһе Electrical System of a 
Steam Railroad Terminal" by A. A. 
Thompson. Election of officers as 
follows: chairman, A. A. Thompson; 
secretary-treasurer, С. О. Brown. At- 
tendance 26. | 

Lynn.—October 25, 1916. Burdett 
Hall. Adress by Mr. Farley Osgood on 
"The Human Side of Engineering”. 
Attendance 250. 

November 4th, 1916, Burdett Hall, 
Illustrated address by Lieutenant Colo- 
nel J. A. Shipton on “А Trip to the 
Argentine Republic". Attendance 400. 

November 15, 1916, General Elec- 


tric Hall. Symposium on “Тһе Platts- 
burg Experience" presented by all 
members who attended  Plattsburg 


Camp. А large number of pictures 
were shown and explained. Attendance 
100. 

November 22, 1917, General Electric 
Hall. Address by Prof. W. I. Slichter 
on "Education for a Career in Electrical 
Engineering". Attendance 250. 

December 6, 1916, Burdett Hall. 
Lecture by Mr. Frank W. Skinner on 
"The Great War, and its Mechanical 
Equipment". Attendance 400. 

Madison.— November 28, 1916, En- 
gineering Building, University of Wis- 
consin. Paper: "'Inductive Interfer- 
ence" by George Н. Gray. Attendance 
50. 

Minnesota.— November 27, 1916, 
University of Minnesota, Minneapolis. 
Paper; ‘‘Electrification of Steam Rail- 
roads" by W. T. Whalen. Тһе paper 
was illustrated by three reels of moving 
pictures. Attendance 200. 

Panama.— October 25, 1916, Ancon 
Clubhouse. Subject Military Engi- 
neering. Illustrated address by Major 
C. O. Sherill on "Reconnaissance, For- 
tifications and Trench Warfare". Col. 
J. J. Morrow gave an outline of the 
Army Engineer Reserve. Attendance 
285. 

November 22, 1916, Ancon, C. Z. 
Subject: Military Engineering. Illus- 
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trated address by Major W. H. Rose on 
"Mines, Obstacles, Demolitions, Search- 
lights, Railroads and Armored Trains''. 
Attendance. 270 
Philadelphia.—October 18, 1916. 

Franklin Institute. Paper: ''Scientific 
Research in Relation to the Industries” 
by Charles P. Steinmetz. Joint meet- 
ing with Franklin Institute. Attend- 
ance 300. | 


Pittsfield.—November 9, 1916, Wen- 
dell Hotel. Illustrated address Бу 
Major E. P. O'Hern on ''Modern Field 
and Sea Coast Guns and Ammunition”. 
Attendance 165. 


Portland.— November 14, 1916, Y. 
M. С. А. Auditorium. Paper. ‘‘General 
Principles of Wireless Telegraphy and 
Telephony" by Walter Haynes. Joint 
Meeting with N. E. L.A. Attendance 
70. 

December 5, 1916, Y. M. C. A. 
Auditorium. Paper: ‘‘Design of Outside 
Telephone Plants” Бу W. E. Montrose. 
Joint meeting with local section of N. E. 
L. A. Attendance 30. 

San Francisco— November 24, 1916, 
Engineers Club. Papers: (1) “А Study 
of the Ceramics of Insulators" by 
Harris J. Ryan; (2) “Progress Report 
on the Study by California Power Com- 
panies of Insulator Deterioration” by 
J. €. Clark; (3) "Investigation of Sus- 
pension Insulator  Deterioration by 
California Power Companies" by J. E. 
Woodbridge and J. P. Jollyman. At- 
tendance 102. 


Schenectady.— November 17, 1916, 
Edison Club Hall. Fundamental Ex- 
periments on Electron Theory by Pro- 
fessor Charles T. Knipp. Attendance 
370. 

December 1, 1916, Edison Club Hall. 
Illustrated address by Mr. D. B. Rush- 
more on ''Atmospheric Nitrogen and Its 
Uses". Attendance 300. 

Seattle.— November 21, 1916, Lodge 
Room, Elks Club. Address by Mr. W. 
T. Whalen on “Тһе Electrification of 
Steam Railroads”. Address was illus- 
trated with three reels of moving 
pictures, Election of officers as fol- 
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lows: chairman, C. Е. Magnusson; of Frequency Meters, Power Factor | 
secretary, C. F. Terrell. Attendance Meters and Synchroscopes’’ by George 
170. | Fleming; “High Frequency Oscillations 

Spokane.—November 10, 1916, from an Electric Агс” by Н. К. Seung. 


Chamber of Commerce Assembly Room 
Address by Mr. W. T. Whalen on 
“Electrification of Steam Railroads”, 
illustrated by moving picture film. 
Attendance 100. | 

November 24, 1916, Telephone Com- 
pany Building. Paper: “А Field Inves- 
tigation of Inductive Interference in 
Telephone Circuits Arising form Paral- 
lelism with a 55,000-Volt Power Circuit'' 
by R. W. Mastick. Attendance 59. 

St. Louis.— November 15, 1916, En- 
gineers Club. Paper: "Our Coast 
Defenses" by Captain Offnere Hope. 
Attendance 162. | 

December 6, 1916, Engineers Club. 
Election of officers as follows: chairman, 
A. McR. Harrelson; secretary, H. L. 
Hope. Attendance 16. 

Toronto. November 24, 1916, En- 
gineers Club. Illustrated address by 
Mr. A. О. Austin on “Important Factors 
that should be Considered in the Selec- 
tion of an Insulator". Attendance 74. 


PAST BRANCH MEETINGS 


Alabama Polytechnic  Institute.— 
Election of officers as follows: chairman, 
W. W. Hill; secretary, L. I. Davis; 
treasurer, W. T. Shinholser. 

University of Arkansas.— November 
20, 1916. Illustrated lecture by Dean 
Gladson оп “Тһе Pelton Water Wheel 
Company". Motion pictures of the 
Panama Canal Lock Control. Atten- 
dance 29. 

December 4, 1916. Address by Pro- 
fessor W. B. Stelzner on “Тһе History 
of Engineering". Motion pictures 
showing manufacture of insulators, 
generators, steam turbines, etc. Attend- 
ance 28. 

University of California.— November 
1, 1916. Address by Prof. F. E. Pernot 


on "Methods of Computing". Attend- 
ance 29. 
November 15, 1916. Addresses as 


follows; “Тһе Connections and Types 


Attendance 21. 

November 29, 1916. Papers: ''The 
Principles of the Phase Converter''; and 
“The Starting and Lighting System on 
the Automobile". Attendance 11. 

Carnegie Institute of Technology.— 
November 14, 1916. Illustrated ad- 
dress on “А Trip Through the Schenec- 
tady Works of the General Electric 
Company" by ]. H. Van Aernam. 
Attendance 80. 

University of Colorado.— November 
23, 1916. Address by Professor Evans 
on ''History and Objects of the A. I. E. 
E." Attendance 42. 

University of Idaho.—November 2, 
1916. Moving picture of the Panama 
Canal with explanation by Professor L. 
J. Corbett. Moving pictures showing 
lumbering in some large camps and 
mills of Idaho, with explanatory ге- 
marks by Dean C. H. Shattuck. At- 
tendance 38. | 

owa State College.— November 15, 
1916. Illustrated address by Mr. C. I. 
Merrick on “Тһе Chicago, Milwaukee 
and St. Paul Electrification in Mon- 
tana", Attendance 43. 

Kansas State Agricultural College.— 
November 2, 1916, Lecture Room, 
Denison Hall. Papers: (1) "'Thury 
System of D-C. Transmission"; (2) 
"Current Events in Electrical Engineer- 
ing"; ‘‘Operation on Norfolk and Wes- 
tern Railway". Attendance 129. 

November 9, 1916, Assembly Room, 
Anderson Hall. Address by Mr. Short- 
ridge Hardesty on ‘Engineering Ethics 
and the Bridge Engineer". Joint 
meeting with Engineering Association. 
Attendance 320. 

November 16, 1916, Lecture Room 
Denison Hall. Papers: (1) "Theory 
and Construction of the Norfolk and 
Western Railway"; (2) “Motor Trucks 
Equipped for Construction бегуісе”; 
(3) “Keokuk Project". Attendance 126. 

University of Kansas.—November 
22, 1916, Marvin Hall. Messrs. Smith, 
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Griffith and Spangler told of their ex- 
perience on the Mexican border. Prof. 
Geo. C. Shaad gave a talk on the sub- 
jects offered in the engineering courses. 
Attendance 56. 


Lafayette College— November 18, 


1916. Papers: (1) "Steel Towers for 
Transmission Lines" by Н. C. Griffin; 
(2) “Corona Losses on Transmission 
Lines" by R. L. Dunlap. Attendance 
17. 

November 25, 1916. Papers; (1) 
"Methods of Rail Bond Testing” Бу W. 
S. Williams; (2) "Railway Electrolysis 
and Methods of Its Treatment" by C. 
T. Mack. Attendance 20. 

Lehigh University— December 14, 
1916, Physics Lecture Room. Papers: 
(1) “The Work of the Valuation En- 
gineer" by J. H. Bickley; (2) “Тһе 
Electrification of a Paper МШ” by Jesse 
F. Wentz. Attendance 43. 

University of Michigan.—November 
15, 1916, New Engineering Building. 
Illustrated lecture by Prof. J. W. 
Langley on ''Composition апа Proper- 
ties of Steel for Electrical Uses". At- 
tendance 83. 

University of Minnesota.— November 
20, 1916, Engineering Auditorium. 
Address by Mr. W. L. Miller on ''The 
Requirements of Public Service Utili- 
ties". Attendance 25. 

University of Missouri.—November 
27, 1916, Engineering Building. Paper: 
“Тһе Engineer in War” by Major C. №. 
Castle. Attendance 63. 

North Carolina College of Agricultural 
and Mechanical Arts. 
1916. Election of officers as follows: 
chairman, F. E. Coxe; vice-chairman, E. 
P. Holmes; secretary-treasurer, F. J. 
Haight. Attendance 20. 

Ohio State University.—November 
24, 1916, Robinson Laboratory Ра- 
pers: (1) "Aluminum Lightning Arres- 
ters" by L. W. Birch; (2) "Testing" by 
C. E. Mauk. Attendance 20. 

December 8, 1916, Robinson Labora- 
tory. Address by Prof. Hammond on 
"Employers! Liability Laws and the 
Workmen's Compensation Laws", At» 
tendance 35. 


December 6, 
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December 14, 1916, Robinson Labo- 
ratory. Address by Mr. C. R. Under- 
hill on “Electromagnets”. Attendance 
30. 

Oregon Agricultural College.—No- 
vember 23, 1916. Paper: ''Practical 
Operation of Central Stations” by C. P. 
Osburne. Attendance 41. 


Pennsylvania State  College.—No- 
vember 10, 1916, Club Room. Address 
by Prof. С. L. Kinsloe on “Тһе A. I. E. 
E." Mr. Stephanson spoke on ''The 
Armored Tractor ‘Tanks’ Used in the 
English Army”. Attendance 47. 

December 14, 1916, Engineering Club 
Room. Address by Mr. Mills on 
‘‘Some Injurious Effects to the Human 
System due to High Voltage". Atten- 
dance 40. 


Purdue University—November 14, 
1916, Electrical Building. Paper: 
“Flood Lighting" by H. F. Dart. 
Election of Mr. W. B. Wells as president 
to take the place of Mr. R. H. Town- 
send, who resigned, Attendance 42. 

November 27, 1916, Lecture by Mr. 
M. Luckiesh on ‘‘Color’’. Attendance 
200. | 

Rensselear Polytechnic Institute.— 
December 12, 1916, Sage Laboratory. 
Address by Mr. J. H. Steurer on “А 
Proposed Wireless Telegraph Station 
for the Rensselaer Polytechnic Insti- 
tute". Attendance 51. 


Syracuse University.— November 16, 
1916. Address by Mr. M. T. Cappon 


on "Manufacture of Nitric Acid". At- 
tendance 13. 
November 28, 1916, Paper: “Тһе 


Big Creek Hydroelectric Power Devel- 
opment of the Pacific Light & Power 
Co"., by H. E. Mason. Attendance 15. 

December 7, 1916, Illustrated lecture 
by Mr. D. J. Burke on "Types of Mag- 
netos". Attendance 11. 

December 14, 1916. Illustrated lec- 
ture by Mr. D. J. Burke on ''Types of 
Magnetos—Part II". Attendance 16. 

Virginia Polytechnic Institute.— No- 
vember 28, 1916, Science Hall. Address 
by Prof. L. S. Randolph on ‘Benefits 
Derived from being a Member of a 
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Large Engineering Society”. Attend- 
ance 26. 

December 7, 1916, Science Hall. 
Paper: "Electric Traction" by G. G. 
Coleman, R. S. Gray and J. L. Eley. 
Attendance 20. 

University of Virginia.— November 
22, 1916, Engineering Building. 
Papers: (1) ‘‘Chicago, Milwaukee and 
St. Paul Electrification" by ]. К. 
Peebles, Jr.; (2) "The Sperry Search- 
light" by Charles Henderson; (3) “А 
Modern Telephone Equipment” by W. 
5. Rodman. Attendance 12. 

Worcester Polytechinc Institute.— 
November 17, 1916, Electrical Engi- 
neering Hall. Moving pictures of the 
Norfolk and Western, the Pennsyl- 
vania, The Boston and Maine, and the 
М. У. N. Н. & Н. railroad electrifica- 
tion. Attendance 250. 

December 15, 1916, Address by Mr. 
William J. Hammer on “Selenium and 
Its Scientific and Industrial Applica- 
tions". Attendance 90. 

Yale  University.— November 21, 
1916, 10 Hillhouse Avenue, New Haven. 
Address by Dr. William McClellan on 
"Problems of Public Utilities". Attend- 
ance 90. 


PERSONAL 

Mr. CHARLES Е. THoMPsoN, for 
several years associated with the rail- 
way and engineering departments of the 
General Electric Company, has re- 
signed to take up commercial engineer- 
ing with the Research Corporation, 63 
Wall Street, New York City. 


MR. Lewis А. SHREWSBURY, for- 
merly with “Las Dos Estrellas" Mining 
Company of Mexico in now with the 
Braden Copper Company of Rancagua, 
Chile. 


Mr. WILLIAM C. CHAPPEL has re- 
signed his position as electrical engineer 
with Messrs. Siemens Bros. Dynamo 
Works, London, England and has been 
appointed Chief Assistant Engineer to 
the Government of Tasmania in the 
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hydroelectric department, Hobart, 


Tasmania. 


Мк. Е. W. P. SMITH who has been 
City Electrician, Cleveland, Ohio, for 
the past three years has resigned to 
accept the position of Consulting Engi- 
neer with the Elliot Electric Company, 
322 Champlain Ave., Cleveland, Ohio. 
Mr. Smith is chairman of the Cleveland 
Section of the А. I. E. E., a member 
of the Chamber of Commerce, the 
Jovians, the Electrical League and the 
Cleveland Engineering Society. 


MR. Акти к Н. ROBBINS has re- 
signed his position as prevocational 
instructor in electricity in the Boston 
Public schools to accept a position as 
electrical engineer with the Electric 
Light and Power Company of Abington 
and Rockland, М. Abington, Mass. 
Mr. Robbins was connected with his 


. present company from 1906 to 1914 as 


foreman of the meter department and 
during the two succeeding years was 
electrician in the plant of the National 
Fireworks Manufacturing Company. 


RECOMMENDED FOR TRANSFER, 
NOVEMBER 28, 1916 


The Board of Examiners, at its 
regular monthly meeting on November 
28, 1916, recommended the following 
members of the Institute for transfer to 
the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To the Grade Member 


BARRETT, SAMPSON KIRBY, Assistant 
Professor of Electrical Engineering, 
Polytechnic Institute, Brooklyn. N,Y. 

Briss, Lours DENTON, President, Bliss 
Electrical School, Washington, D. C. 

DILLON, EDWARD PAUL, Assistant Man- 
ager, Railway & Lighting Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

EDGECOMB, HENRY R., Chief Engineer, 
Speer Carbon Ço, St, Marys, Ра. 
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GORSUCH, WILLIAM SCHROFIELD, Еп- 
gineer of Economics, Interborough 
Rapid Transit Co., New York, N. Y. 

GREENLAND, SAMUEL WILSON, General 
Manager, Fort Wayne & Northern 
Indiana Traction Co., Fort Wayne, 
Ind. 

STEVENOT, J. E. HAMILTON, Construc- 
ting and Consulting Electrical En- 
gineer, Manila, P. I. 

TRANSFERRED TO THE GRADE 
OF FELLOW DECEMBER 8, 1916 


The following Member was trans- 
ferred to the grade of Fellow of the 
Institute at the meeting of the Board 
of Directors on December 8, 1916. 
HaviLL, О. A.. Electrical Engineer, 

Viele, Blackwell & Buck, New York, 

N. Y. 


TRANSFERRED TO THE GRADE 
OF MEMBER DECEMBER 8, 1916 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board 
of Directors on December 8, 1916. 
CARROLL, Еми. J., Electrical Engineer, 

American Laundry Machine Co., 

Cincinnati, O. 

CHAMBERLAIN, F. G., Vice-President, 


Tuttle, Chamberlain & Co:, San 
Antonio, Tex. 
GOODING, ROBERT F., Switchboard 


Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 

Соормтх, HAROLD, JR., Superintendent 
of Distribution, Philadelphia Electric 
Co., Philadelphia, Pa. 

Hecker, Guy C. Chief Electrician, 
Pittsburgh Railways Co., Pittsburgh, 
Pa. 

Kenyon, OTIS ALLEN, Engineer, Arc 
Welding Machine Co., New York, 
N.Y. 

NASH, LUTHER R., Public Utility 
Expert, Stone & Webster Manage- 
ment Association, Boston, Mass. 

Nisak, A. R., Head Assistant Professor, 
Electrical Dept., Central Technolog- 
ical Institute, Bombay, India. 
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STEWART, HAROLD O., Engineer, Indus- 
trial Dept., Rochester Railway & 
Light Co., Rochester, N. Y. 

TAYLOR, WILLIAM B., Engineer of 
Insulation Dept., General Electric 
Co., Lynn, Mass. 

THOMAS, GEORGE B., Professor of 
Electrical Engineering, Colorado Col- 
lege, Colorado Springs, Colo. 


MEMBERS ELECTED DECEMBER 
8, 1916 


CARVER, HARRY EUGENE, Asst. 
Engineer and Electrical Inspector, 
Public Utility Commission, Kinney 
Bldg., Newark; res., East Orange, 
N. J. | 

CoPE, HAROLD WHITCOMB, Assistant to 
Manager of Engineering, Westing- 
house Electric & Mfg. Co., East 


Pittsburgh; res, 7225 Meade St., 
Pittsburgh, Pa. 
*NELSON, JOSEPH Marcy, Superin- 


tendent of Construction, J. G. White 
Engineering Corp., Pottsville; res., 
Chester, Pa. 

RAYMOND, FREDERIC ARCHER, Insur- 
ance Engineer, National Board of 
Fire Underwriters, 76 William St., 
New York, N. Y.; res., 38 Lawrence 
Ave., West Orange, N. J. 

*Former enrolled Student. 


ASSOCIATES ELECTED 
DECEMBER 8, 1916 


BERGLAND, Екіс LEONARD, Engineer- 
ing Dept., E. I. Du Pont de Nemours 
& Co., Du Pont Bldg.; res., Brandy- 
wine Apts., Wilmington, Del. 

*BRINKMEIER, ARNOLD EDWARD Huco, 
High Tension Substation Operator, 
Electric Co. of Missouri; res., 6215 
Page Ave., St. Louis, Mo. 

CAVALCANTI, LEONARDO DE  ALBU- 
QUERQUE, Westinghouse Electric & 
Mfg. Co., East Pittsburgh; res., 732 
Hill Ave., Wilkinsburg, Pa. 

CORKRAN, JAMES G., Wireman, Panama 
Canal, Cristobal, Canal Zone. 
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CORNEY, CHESTER ALBERT, Electrical 
Designer, Stone and Webster En- 
gineering Corp., Boston; res., 781 
Broadway, South Boston, Mass. 

DEANS, WILLIAM, Instructor іп Elec- 
trical Engineering, Sibley College, 
Cornell University; res., 903 М. 
Cayuga St., Ithaca, N. Y. 

*DiAMANT, NICHOLAS S., Instructor in 
Engineering, Rice Institute, Houston, 
Texas. 

*FERNANDEZ-MAREQUE, FRANCISCO, 
Electrical Engineer, Ferro Carril 
Central del Paraguay; res., Avenida 
Ascuncion No. 367, Asuncion, Para- 
guay, South America. 

*FICK, CLARENCE WILLIAM, Assistant 
Foreman, General Electric Co., 
Schenectady; res., Ballston Lake, 
N. Y. 

*FROMMELT, Horace А., Student of 
Letters, St. Stanislaus Seminary, 
Florissant, Mo. 

GANTER, ERNEST LINWOOD, Assistant 
Inspector, Dominion Government 
Gas and Electric Dept.; res., 115 
Leinster St., St. John, N. B. 

*GAZDA, ADOLPH ANDREW, Engineering 
Dept., Westinghouse Electric & Mfg. 
Co., East Pittsburgh; res., 835 
Rebecca Ave., Wilkinsburg, Pa. 

GERBER, LIPMAN S., Detail Engineer, 
Switchboard Dept., General Electric 


Co.; res., 618 Chapel St., Schenec- 
tady, N. Y. 
GILMOUR, ALEJANDRO DRYBURGH, 


Superintendent Engineer, Compania 
de Salitre y Ferro-Carril de Junin, 
Alto de Junin, Iquique, Chile, S. A. 

GOULD, RUSSELL, Superintendent of 
Power, Northern Electric Railway; 
res., 932 Butte St., Chico, Cal. 


HANFF, EDWARD ATLEE, Chief Engineer, 
Penn Electrical & Mfg. Co.; res., 
617 Walnut St., Irwin, Pa. 


HAWKINS, PAUL DARWIN, Service Mana- 
ger, Industrial Service & Equipment 
Co., 100 Sumner St., Boston, Mass. 

*Horrz, FREDERICK CARL, Instructor 
in Electrical Engineering, Univer- 
sity of Nebraska; res., 1636 М St., 
Lincoln, Nebr. 
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Hurr. ERNEsT Louis, Electrical En- 
gineer, Pennsylvania Salt Mfg. Co.; 
res., Federal St., Natrona. Pa. 

JONES, CHARLES RAMEY, Westinghouse 
Electric & Mfg. Co., New York, М.У.; 
res., 238 State St., Hackensack, N. J. 

JONES, EDWIN ERIE, Switchboard Op- 
erator, Lewis St. Plant, Union Elec- 
tric Light & Power Co.,St. Louis, Mo. 

JONES, ROBERT AUSTIN, Engineering 
Dept., Society for Electrical Develop- 
ment, 29 W. 39th St.; res., 524 W. 
123rd St., New York, N. Y. 


KILE, Roy Brook, Engineering Dept., 
Duquesne Light Co., Pittsburgh; 
res., 302 Gray Apts., Wilkinsburg, 
Pa. 

*KIRK, RALPH LEVERING, Electrical 
Designer, Duquesne Light Co., Pitts- 
burgh; res, Y. M. C. A. East 
Liberty, Pa. 

*KIVLIN, ALFRED PATRICK, Appraisal 
Engineer, Public Utility Commis- 
sion, Newark, N. J.; res., 43 School 
St., М. Attleboro, Mass. 


.LAMB, Howarp Luis. Office and Con- 


struction Work, Otis Elevator Co., 
Casilla 3760, Santiago, Chile, South 
America. 

LEEDOM, RANDOLPH, Engineering As- 
sistant to Construction Engineer, | 
Western Union Telegraph Co., 195 
Broadway, New York; res., 35 E. 
7th St., Brooklyn, N. Y. 


LEvvy, ALBERT, Managing Director, 
Levvy Electrical Co. Ltd.; res., 1300 
Wolseley Ave., Winnipeg, Man. 


LINDSEY, JAMES K., General Foreman, 
Electric Dept., Firestone Tire & 
Rubber Co.; res., 296 E. South St., 
Akron, O. 


LYLE, JAMES W., Division Engineer, 
Texas Power & Light Co.; res., 209 
N. Waco St., Hillsboro, Tex. 


LYTLE, JAMES H., Engineer, Penn 
Public Service Co.; res., 314 Walnut 
St., Clearfield, Pa. 


MANNING, STANLEY RUTTER, Elec- 
trical Equipment Engineer, Michi- 
gan State Telephone Co.; res., 958 
Trumbull Ave., Detroit, Mich. 
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Mason, GEORGE Eric, President and 
Managing Director, Lancashire Dy- 
namo & Motor Co. of Canada Ltd., 
107 Duke St.; res., 17 Kingswood Rd., 
Toronto, Ont. 


*McAFEE, WILLIAM KEITH, Railway 
Engineering Div., Westinghouse Elec- 
tic & Mfg. Co., East Pittsburgh; 
res., Clover Club, Edgewood Park, 
Pittsburgh, Pa. 


Мо: ткорР, NORMAN IRVING, Electrical 
Engineering Dept., Edison Electric 
Illuminating Co. of Boston, Boston; 
res., 75 Winchester St., Brookline, 
Mass. 


Окт, CARL, Engineering Dept., Western 
Electric Co., 463 West St.; res., 
544 W. 150th St., New York, N. Y. 


OSBORNE, CHARLES PARKER, Supt. of 
Power, Portland Railway, Light & 
Power Co. Electric Bldg.; res., 
761 Clinton St., Portland, Ore. 


Press, ABRAHAM, Assistant Professor 
of Electrical Engineering, Oklahoma 
University, Norman, Okla. 

QUIRK, WILLIAM G., Supervising Gen- 
eral Inspector in Charge of Street 
Lighting and Electrical Conductors, 
Dept. of Water Supply, Gas and 
Electricity, New York, N. Y. 

ROBERTSON, FREDERICK JOHN, General 
Superintendent, Calgary Power Co. 
Ltd., Seebe, Alberta, Canada. 

*SHAW, ALEXANDER MARSHALL THOMP- 
SON, Electrical Engineer, Laboratory, 
Philadelphia Electric Co., Phila- 
delphia; res., Wayne, Pa. 

SIMPSON, ALSTON RAYMUR, Lieutenant 
U.S. Navy; res., 415 W. 118th St., 
New York, N. Y. 


“5мітн, Lewis MartTIN, Draftsman, 
Tennessee Coal, Iron and Railroad 
Co., Ensley; res., 2216 12th Ave. N., 
Birmingham, Ala. 


SMITH, ROBERT WILEY, Electrical En- 
gineer, Columbus Power Co.; res., 
Chatham Drive, Columbus, Ga. 


STEIN, SAMUEL, Senior Student, Poly- 
technic Institute of Brooklyn; res., 
235 W. lllth St., New York, М.Ү. 
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STEVENS, Epson Моввлу, Consulting 
Engineer, Commerce Building; res., 
2030 Olive St., Kansas City, Mo. 


STURZ, FREDERICK, JR., Cadet Engineer, 
New York Edison Со., 15th St. & 
Irving Place; res., 755 Dawson St., 
New York, N. Y. 


TOMANN, ORVILLE RAYMOND, Electrical 
Engineer, Red Oak Electric Co., 
210 Coalbaugh St., Red Oak, Ia. 


TREMAINE, А. RAYMOND, Manager, 
Depew and Lancaster Light, Power 
and, Conduit Co., 173 Central Ave.; 
res.. 41 Maple Ave., Lancaster, N. Y. 


TRINKLE, ROBERT ] Асов, Electrician, 
DuPont Powder Works, “А” Plant; 
res., 402 S. 2nd St., Hopewell, Va. 


WALTERS, DONALD GRIBBEN, Student, 
Telephone Plant Dept. New York 
. Telephone Со. New York; res., 
433 Dean St., Brooklyn, N. Y. 


e 
WEI, WING Lock, Graduate Student, 
Union University; res., 131 Glen- 
wood Blvd., Schenectady, N. Y. 


WELLER, FRANK RUDOLPH, Superin- 
tendent, Lamp Factory, Vosburgh 
Mine Lamp Co., West Orange, N. J.; 
res., Krischerville, S. I., N. Y. 


WELLS, JAMES HAROLD, Electrical 
Draughtsman, Engineering Dept., 
Edison Electric Ill. Co. of Brooklyn; 
гез., 2604 Newkirk Ave., Brooklyn, 
N. Y. 


WHALER, Н. THOMPSON, General Mana- 
ger, Miami Telephone Co., Miami, 
Fla. 


WHATELY, HAROLD ELKRIDGE, Hydro- 
Electric Power Commission; res., 
102 Arundel Ave., Toronto, Ont. 


WILLIAMS, EDWIN PURNELL, Professor 
of Electrical Engineering and Physics, 
University of New Brunswick; res., 
3 Lansdowne St., Fredericton, N. B. 


*WISEMAN, ROBERT JOSEPH, Research 
Assistant, Elec. Engg. Dept., Massa- 
chusetts Institute of Technology, 
Boston; res., Arlington, Mass. 


Total 58. 
*Former enrolled Students. 
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APPLICATIONS FOR ELECTION 


Applications have been received by 


the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 


applied for direct admission to a higher 


grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform the 
Secretary before January 31, 1917. 


Anderson, G. L., Philadelphia, Pa. 
Asire, H. W., South Bend, Ind. 
Barns, F. B., Philadelphia, Pa. 
Bernhard, A. H., Brooklyn, N. Y. 
Bertrand, W. E., Woodbine, N. J. 
Bradshaw, W. M., E. Pittsburgh, Pa. 
Burbeck, W. B., San Francisco, Cal. 
Butcher, W. F., Yonkers, N. Y. 
Chadwick, R. H., Ft. Wayne, Ind. 
Cutting, F. (Member), Cambridge, 
Mass. 
Delehanty, W. J., San Francisco, Cal. 
Egee, G. B., Philadelphia, Pa. 
Epps, W. J., Rio de Janeiro, Brazil 
Fallon, W. А., Montrose, Colo. 
Faulkner, L. W., Champaign, Ill. 
Ferguson, К. 5., Pasadena, Cal. 
Fisher, C. W., Philadelphia, Pa. 
Gibson, O., San Francisco, Cal. 
Guest, H. E., Worcester, Mass. 
Hansen, H. C., Bristol, Va.-Tenn. 
Hayward, T. J., Panama, R. P. 
Himmelsbach, J. R., Seattle, Wash. 
Horner, O. H., Kansas City, Mo. 
Howard, D. G., Pittsburgh, Pa. 
Hoye, J. P., Detroit, Mich. 
Huber, W. E., Cleveland, O. 
Johnson, J. H., Chelmsford, England. 
Kehl, R. J., Chicago, Ill. 
Kewin, G. E., Toronto, Ontario. 
Kistler, R. E., Pittsfield, Mass. 


Kraft, C. H., St. Louis, Mo. 
Krey, B. H., New York, N. Y. 
LaFever, H. H., New York, N. Y. 
Lais, В. A., Cleveland, О. 
Ledermann, F., Brooklyn, N. Y. 
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List, E. G., Olmsted, Utah. 

Mahan, J. H., Philadelphia, Pa. 

Mahoney, J. N. (Fellow), East Pitts- 
burgh, Pa. 

McGowan, H. E. (Member), Brooklyn, 
N. Y. 

McGuire, J. P., Schenectady, N. Y. 

McLay, А. D., Detroit, Mich. 

Melnikoff, N. P. (Member), Petrograd, 
Russia. 

Mendenhall, C. А., San Francisco, Cal. 

Mertz, K. J., St. Paul, Minn. 

Metzger, А. B., New York, М. Y. 

Morey, L., Cleveland, O. 

Morrow, L. O., Philadelphia, Pa. 

Mundo, C. J. (Member), Pittsburgh,Pa. 

Munroe,H.K.(Member),Tacoma, Wash. 

Nakamura, Y., Yamaguchi-ken, Japan. 

Nelson, J. E., Cleveland, O. 

Noe, E. T., Jr., Philadelphia, Pa. 

Nordfeldt, H. B. E., Vasteras, Sweden. 

Norton, F. A., Milwaukee, Wis. 

Notvest, G. R., Cleveland, O. 

Pattee, C., Hood River, Ore. 

Perry, W. W., Easton, Pa. 

Reed, A. J., San Francisco, Cal. 

Riley, L. G., East Pittsburgh, Pa. 

Ritter, J. B., Philadelphia, Pa. 

Roberts, S., Harrisburg, Pa. 

Robinson, G. D., State College, Pa. 

Rudin, O. W., Anderson, Ind. 

Salberg, J., Denver, Colo. 

Schnake, H. C., New York, N. Y. 

Schneider, S., Coney Island, N. Y. 

Scott, M., Akron, O. 

Shand, E. B., East Pittsburgh, Pa. 

Smiley, G. W., Detroit, Mich. 

Sticht, R. E., Spokane, Wash. 

Stokes, C. W., Montreal, Que. 

Sullivan, F. J., Detroit, Mich. 

Taylor, A. R., Sedalia, Mo. 

Tear, H. R., Springfield, Ill. 

Toyomura, C., Sukegawa, Japan. 

Weiss, С. С. A., New York, М. Y. 

Wikle, H. H., Cleveland, O. 

Williams, L. H., Atlanta, Ga. 


Wilson, J. R., Pittsburgh, Pa. 

Winder, W. A., East Pittsburgh, Pa. 

Wolf, K., New York, N. Y. | 

Woodward, C. V., Philadelphia, Pa. 
Total 82. 
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STUDENTS ENROLLED 
DECEMBER 8, 1916 


5156 Reed, M. G., Yale Univ. 
8487 Eggen, C. B., Univ. of Kansas. 
8458 Williams, Е. J., Univ. of Minn. 
8489 Ekenbeck, E. E., Univ. of Minn. 
5190 Wheeler, H. H., Univ. of Minn. 
8491 Turnquist, А. A., Univ. of Minn. 
8192 Blomberg, E. H., Univ. of Minn. 
$493 McKibben, R., Univ. of Minn. 
8194 Miller, С. W., Univ. of Minn. 
8495 Maitchell, А. C., Univ. of Minn. 
$196 Smith, D. C., Univ. of Minn. 
8497 Bauer, В. B., Univ. of Minn. 
5498 
8499 Schlenk, Н., Jr., Univ. of Minn. 
5500 Ross, Е.Н. Univ. of Minn. 
$501 Baker, R. R., Univ. of Michigan 
8502 Bassett, H. B., Univ. of Mich. 
8503 Conaut, H. D., Univ. of Mich. 
8504 Cook, R. H., Univ. of Mich. 
$505 Crump, S. L., Univ. of Mich. 
8506 Davis, R. L., Univ. of Mich. 
5507 Dietze, E., Univ. of Michigan 
5508 Hauser, О. E., Univ. of Mich. 
5509 Heath, С. S., Univ. of Mich. 
8510 Henschel, E. W., Univ. of Mich. 
$511 Kendall, E. N., Univ. of Mich. 
8512 Little, D. G., Univ. of Mich. 
8513 Meyers, M. G., Univ. of Mich. 
8514 Petermann, F. K., Univ. of Mich. 
8515 Petrie, G. R., Univ. of Mich. 
5516 Strachan, О. W., Univ. of Mich. 
5517 Thoms, L. W., Univ. of Mich. 
8518 Whitney, J. H., Univ. of Mich. 
$519 Wise, S. J., Clarkson Coll. Tech. 
$520 Bruce, Е. C., Lewis Institute. 
8521 Ardern, E. W., Marquette Univ. 
5522 Canavaciol, F.E.,Bklyn.Poly.Inst. 
5523 Wehle, P. G., Brooklyn Poly. Inst. 
8524 Pomeroy, W. C., Univ. of Calif. 
5525 Birkinbine, О. W., Univ. of Penna. 
8526 Rothschild, H. L., Univ. of Minn. 
5527 Whitfield, H. B., Univ. of Nebr. 
5528 Horning, А. W., Case School of 
Applied Science. 
5529 Weyl, C. N., Univ of Penna. 
$530 Ewing, R. P., Penna. State Coll. 
5531 Dailey, C. O., Purdue Univ. 


5532 Parsell, L. B., Purdue Univ. 


Hotchkiss, F. W., Univ. of Minn. 
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8533 Raphael, V., Lewis Institute. 

8534 Ellzey, C. C., Jr., Univ. of Ala. 

8535 Butterwoth, R. I., Univ. of Minn. 

8536 Bach, R. O., Univ. of Washington. 

8537 Storrow, J.].,]r., Mass. Inst.Tech. 

8538 Correia, J. N., Mass. Inst. Tech. 

8539 Warner, R. W., Univ. of Kansas. 

8540 Hyatt, S. M., Tri-State College. 

8541 Petzing, E. W., Armour Inst. Tech. 

8542 Thrall, E. F., Yale University. 

8543 Appleman,G.,Penna.State College 

8544 Cahoon, А. W., Yale Univ. 

8545 Bond, L. W., Penna. State Coll. 

8546 Eggert, W. C., Mich. Agri. Coll. 

8547 Swenson, S. R., Yale Univ. 

8548 Cunningham, L., Mass. Inst. Tech. 

8549 Buckley, D. J., Stevens Inst. 

8550 Nettleton, L. A., Yale Univ. 

8551 Ruiz, J. J., Cornell Univ. 

8552 Etshokin, L., Cornell Univ. 

8553 Weigt, ]. W., Cornell Univ. 

8554 Stahl, G. D., Cornell Univ. 

8555 Gates, J. G., Cornell Univ. 

8556 Timmerman, A. P., Cornell Univ. 

8557 Bitner, R. E., Cornell Univ. 

8558 Hatch, F.A.,ClarksonColl.ofTech. 

8559 McConnell, D. F., Univ. of N. D. 

8560 Green, J. L., Univ. of N. D. 

8561 Hicks, F. T., Univ. of N. D. 

8562 Hills, H. G., Case Sch. App. Sci. 

8563 Farnham, R. E., Case Sch. of App. 
Sci. 

8564 Schoonmaker,LE., Mass.Inst.Tech. 

8565 Fleming, С. A., Univ. of Calif. 

8566 Connor, J. M., W. Va. Univ. 

8567 Shetzline, R. A., Univ. of Penna. 

8568 Forbes, A. H., Yale Univ. 

8569 Allen, J. P., Yale Univ. 

8570 Crutcher, M. J., Univ. of Ky. 

8571 Schrader, C. C., Univ of Ky. 

8572 Pendleton, M., Univ. of Ky. 

8573 Becker, W. E., Univ. of Minn. 

8574 Herrick, W.J.,ClarksonColl.of Tech. 

8575 Brenton, W., Cornell Univ. 

8576 Polson, A. V., Cornell Univ. 


8577 Wheeler, W. J., Cornell Univ. 
8578 Jones, T. R., Cornell Univ. 
8579 Weber, G. L., Colorado Coll. 


8580 Clough, P. F., Clarkson. Coll. of 
Tech. 


Total 95. 
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EMPLOYMENT BULLETIN 
Vacancies.— The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN. 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) of will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 
not later than the 20th of the month if publication in the following issue is de- 
sired. АП replies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 


V-188. Wanted: Electrical Engineer 
with practical experience in the design, 
manufacture and application of direct- 
current motors and controllers for 
hoisting service, electric cranes, etc. 
Must have good training, technical 
education, and ability to work into 
responsible position. Reply should 
give full particulars of previous employ- 
ment, experience, salary expected, etc. 


V-189. Wanted: Chief Draftsman 
with experience in the design of hoisting 
apparatus, electric, cranes, etc. Reply 
fully regarding experience, salary ex- 
pected, etc. 


V-191. Electrical Draftsman wanted 
on power and high-voltage substation 
designing. 

У-194. A public service company, 
located 1n Maine, has openings for one 
or two recent technical graduates in its 
operating department. Opportunity 
for advancement according to ability. 
Moderate salary to start. 


V-195. A Boston sales organization 
has openings for several young men, 
preferably with technical training and 
experience in selling electrical ma- 
chinery. Give particulars. 


V-196. Technically educated man 
with some business experience wanted 
in New York by publisher of high grade 
engineering literature, to assist in edit- 
ing of technical manuscripts, also cor- 
respondence and other office work. 
Knowledge of good English essential. 
State age, nationality, education, ex- 
perience in detail, and salary expected. 


The U. S. Civil Service Commission 
announces an examination to be held 
at numerous places in the United States 
on January 17, and another on March 
14, for the position of Assistant Exami- 
ner in the Patent Office. Entrance 
salary $1500. Applicants should have 


a general knowledge of physics, mathe- 
matics, mechanics, chemistry, etc. 
Practically all applicants who pass this 
examination are appointed. Those de- 
siring this examination should at once 
apply for Circular No. 36 describing the 
test, application Form No. 1312, and 
a copy of the Manual of Examinations 
for the Fall of 1916, to the U. S. Civil 
Service Commission, Washington, D. C. 


MEN AVAILABLE 


625. Graduate Electrical Engineer 
(Univ. Penn.), with two years power 
Station experience, seeks position with 
consulting engineer or with company 
engaged in the design, construction, etc., 
of power plants. Locality of Philadel- 
phia preferred. 


626. Superintendent or Engineer for 


central station or large consumer. 
Graduate of technical college and 
Westinghouse apprenticeship course. 


Eight years’ electrical experience, inclu- 
ding five years’ meter and complaint 
work with large central station. Age 
31; married; teetotaler; now employed. 
Have never lost a day’s work account 
sickness or accident. 


627. Mechanical or Electrical Engi- 
neer, technical graduate (1902), with 
extensive experience, testing operating, 
constructing, designing, selling, pur- 
chasing, public utility reports, office 
engineering and consulting. Have been 
continually employed since graduation. 
Now holding executive and engincering 
position of responsibility. Salary $3- 
500. 


628. Electrical and Mechanical En- 
gineer, native of Sweden, age 27, with 
good experience in testing, power 
station design, transmission lines, trans- 
formers and general engineering sub- 
jects, desires a position with a reliable 
concern interested in the establishing of 
an efficient foreign trade, especially to 
Scandinavia and Russia. 
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629. Induction Motor Engineer. 
Теп vears with three leading manufac- 
turers. Open January first. Designed 
and built fractional horse power to 
largest in operation. Prepared to take 
complete charge of engineering. Ex- 
cient record; young, hustler and strict- 
х up on modern design. No obsolete 
methods used. Services reasonable to 
nght party. Interview or references. 


630. Fellow A. I. E. E., Mem. A. S. 
M. E., F. I., etc., with broad business 
and technical training and experience 
desires position as executive, manager 
or in organization work. Familiar 
with shop practise, organization, cost 
systems, etc. Wide experience in opera- 
поп of power wagons, in their design, 


construction and purchase. Sales 
Engineer. 
631. Electrical Engineer. Ten years' 


practical experience in applied electri- 
uty. Can competently handle the fol- 
lowing: Erection and maintenance of 
transmission lines, all classes. Installa- 
поп and operation of a-c. апа d-c. 
generators, motors, switchboards, and 
can do rewinding; also all classes of 
interior wiring. Age 28. 

632. Young Electrical Engineer, 1916 
graduate, desires position in a growing 
concern dealing in electrical supplies. 
Capable of developing and handling 
comestic or foreign trade. Salary a 
secondary consideration where oppor- 
tunity for advancement is offered. At 
present employed. 

633. Superintendent or Sales En- 
£neer, Mem. A. I. E. E., 35, married. 
F:teen vears' experience in manufac- 
ture and sale of electrical machinery; 
at present employed; seeks new position 


requiring initiative and executive 
auiltty. 
634. Railroad and Power work. 


Graduate electrical engineer, age 28, 
desires position in power or engineering 
department of electrified railroad or 
traction svstem. Six years' experience 
with large central station company on 
construction, operating, engineering and 
testing work. Any location. Expect 
guod opportunities for advancement. 


635. Graduate Electrical Engineer. 
Experienced in the operation of central 
station machinery and also installation 
of motors, circuit-breakers, conduit 
work and transformers, desires to locate 
with some large electrical construction 
trm or with a consulting engineer who 
needs an experienced man for field work. 
Desires opening with good chance for 
alvancement. At present employed. 


636. Electrical Engineer, two years, 
seven months sales engineering ех- 
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perience, age 27. Опе with executive 
ability; aggressive; desires position in 
New York or vicinity. А $3000 man. 

637. Engineer, specialist and recog- 
nized expert in public utility and 
industrial power work, offers full or 
part time services to firm or corporation 
interested in such properties. Broad 
experience in the design, construction 
and operation of power systems and in 
making investigations, appraisals and 
reports covering going and projected 
enterprises. 


638. Engineer, Technical graduate, 
in charge of erection and design of 
plant and equipment for large chemical 
concern, wishes to change. Сап pur- 
chase equipment to good advantage and 
install it so as to most economically 
utilize available floor space. Will 
soon be open for engagement. $2100 to 
start. 


639. Electrical Engineer, technical 
education and fifteen years' experience . 
in responsible charge electrical depart- 
ments large industrial, mining and 
smeiting plants. Accustomed to hand- 
ling men successfully as well as engineer- 
ing problems, both operating and con- 
struction. Open for engagement after 
January 1. Mem. A. I. E. E. 


640. Public Utilities Engineer, tech- 
nical graduate, with ten years' practical 
experience in both electricity and gas; 
some street railway. Previous work 
covers construction, operation, purchas- 
ing, valuations and svndicate manage- 
ment. Has held positions of chief 
engineer and general superintendent. 
Desires responsible positionon operating 
or managing staff. Chicago or New 
York interview preferred. 


641. Electrical Engineering Graduate 
(1914), 216 years in testing department 
of public service company, seeks po- 
sition in engineering department of 
similar or manufacturing company. 
At present employed. 


642. Light and Power Engineering. 
Ten years’ experience in construction, 
management, designing and testing. 
Experienced in analyzing operating 
results from both financial and technical 
standpoint. Degree of E. E. from 
Columbia University. 


643. Comptroller-General Auditor; 
age 36; Certified Public Accountant; 
attorney-at-law; specialist іп the 
finances and accounts of public utilities, 
particularly electric light and power 
companies; well connected but inter- 
ested in a broader field. 


644. Construction or Maintenance 
Engineer, 24 years’ experience in electric 
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railway and lighting construction and 
operation, chiefly in the railway field. 
Has specialized in power and substation 
and overhead construction. Now em- 
ployed; available on short notice; will 
go anywhere. 


645. Graduate Electrical Engineer, 
age 35, with fifteen years’ utility ex- 
perience, including design, construction, 
Operation and_ responsible executive 
work with railway, light and power, 
and high-tension transmission systems; 
now employed as superintendent of dis- 
tribution and construction. Member of 
Transmission Committee two years. 
Prefers position of responsibility with 
electrified steam road. 


ACCESSIONS TO LIBRARY 


This list includes books which have been pre- 
sented to the library of the A. I. E. E. and the 
U. E. S. during the past month, not including 
periodicals and other exchanges. 

American Institute of Electrical Engineers. 
Standardization Rules. October, 1916. 
Lloyd’s Register of Shipping. Report of the 
society's operations 1915-16. London, n.d. 
(Gift of Lloyd’s Register of Shipping.) 
Washington Academy of Sciences. McGee 
Memorial Meeting held at Carnegie Institu- 
tion, Dec. 5, 1913. Baltimore, 1916. (Gift 
of Washington Academy of Sciences.) 
Wallingford (Conn.) Board of Electrical Com- 
missioners. Report of Borough Electric 


Works year ending July 31, 1916. (Gift of 
Alfred L. Pierce.) 
UNITED ENGINEERING SOCIETY 
Bibliography—Spontaneous combustion апа 


weathering of coal. (Gift of Edwin B. 
Ricketts.) 

Mechanics of Telephone Receiver Diaphragms, 
as derived from their motional impedance 
circles. By A. E. Kennelly and H. A. Affel. 
(Massachusetts Institute of Technology. 
Electrical Engineering Dept. Bulletin No. 8, 
Nov. 1915.) Reprinted from the Amer. 
Academy of Arts and Sciences. Proc. Nov. 
1915. (Gift of Massachusetts Institute of 
Technology, Electrical Engineering Dept.) 

Valuation of the National Association of Railway 
Commissioners, Report of the Committee. 
Scope of the Committees’ Jurisdiction. 
Nov. 1916. (Gift of Clemens Herschel). 


Charlotte, N. C. Code of the City. Charter 
and Ordinances, July 1914. Charlotte, 1915. 
(Gift of the City Clerk). 


Norfolk, Va. Tentative report. 
ing ordinances March 25, 
City Clerk.) 

Krause Absorbent Filter. Pure and safe feed 
water from oily condensate of all kinds 
guaranteed by using. (Gift of A. E. Krause.) 


Proposed build- 
1915. (Gift of 


[Jan. 


Hill, John A. Some of the writings of. (Gift of 
Power.) 

Regeln far Leistungsversuche an Ventilatoren 
und Kompressoren. Aufgestellt vom Verein 
deutscher Ingenieure und dem Verein deuts- 
cher Maschinenbau Anstalton im Jahre 1912. 

- (Gift of Leon Goldmerstein.) 

New York Electric Railway Association. 
Report. 31st-33d. v. р. 1913-15. 
Association.) 

Federal Valuation of the Railroads in the United 
States. List of Valuation Committees of the 
railroad companies and principal officers and 
employes of the Interstate Commerce Com- 
mission engaged in appraisal work. Octo- 
ber, 1916. Philadelphia, 1916 (Gift of 
Clemens Herschel.) 

Madison (Wis.) Industrial Commission. 
ing Code. 1915. 

——Fire Protection in Schools. 1914. 

General Orders on Safety Building Construc- 

tion. 1914. 

—— Proposed orders оп fire protection in existing 
buildings including also sanitation in 
existing tenements and theaters. 1915. 
(Gift of Commission.) 

Galveston (Texas) Building Dept. 


Annual 
(Gift of 


Build- 


Building 


Code. 1914. (Gift of Galveston Building 
Dept.) 
Columbia (South Carolina) Building Dept. 


Building Code. 1916. Columbia, 1916. 
(Gift of Building Department). 

Elenco dei Fabbricanti in Italia di Materiale e 
Macchinario Elettrico. Oct. 1916. Milano. 
1916. (Gift of Associazione Elettrotecnica 


Italiana.) 


Ohio Public Utilities Commission. 
port. 1914, 1915. 
Laws of Ohio relating to Public Utilities, 1916 


1916. 


Annual Re- 


Rules of practice before the commission. 
(Gift of Public Utilities Commission.) 


Institution of Mechanical Engineers. Alloys 
Research Committee. Report Ist-8th and 
Appendix. London, 1891-1907. (Gift of 
Bradley Stoughton.) 


Titles to Mines in the United States. By W. A. 
Harris, London, 1877. (Gift of Bradley 
Stoughton.) 


Carnegie Steel Company. Pocket companion for 
engineers, architects, and builders, contain- 
ing useful information and tables appertain- 
ing to the use of steel. Еа. 19. Pittsburgh, 
1917. (Gift of Carnegie Steel Company.) 


Passaic, N. J. Ordinance Concerning Streets and 
Public Buildings of the City. 1888. (Gift 
of City Clerk.) 

List of Inspected Electrical Appliances, October 
1916, supplement to April 1916. (Gift of 
Underwriters Laboratories.) 


Catalogue Studies. vols. 1, 4, 6, 7, 10, 12, 15, 23, 
24, 27, 28, 34, 37-40, 42, 43, 48 & index. 
——-Blue Print Book. 56 Prints. 
Gifts of Catalogue Equipment and Supply 
Company. 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 
(Term expires July 31, 1917) 
H. W. BUCK 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1917) 
PAUL M. LINCOLN 


(Term expires July 31, 1918) 
JOHN J. CARTY 


VICE-PRESIDENTS. 


(Term expires July 31, 1917) 
C. A. ADAMS 

J. FRANKLIN STEVENS 
WILLIAM McCLELLAN 


(Term expires July 31, 1918) 
B. A. BEHREND 

P. JUNKERSFELD 

L. T. ROBINSON 


MANAGERS. 
(Term expires July 31, 1917) (Term expires July 31, 1918) 
FREDERICK BEDELL F. B. JEWETT 
BANCROFT GHERARDI JOHN B. TAYLOR 
A. S. McALLISTER HAROLD PENDER 
JOHN H. FINNEY 
(Term expires July 31, 1919) (Term expires July 31, 1920) 
C. E. SKINNER CHARLES S. RURFNER 
JOHN B. FISKEN CHARLES ROBBINS 
N. A. CARLE 
TREASURER (Term expires July 31, 1917) SECRETARY, 


GEORGE A HAMILTON 


HONORARY SECRETARY 
RALPH W. POPE 


F. L. HUTCHINSON 


LIBRARIAN. 
W. P. CUTTER 


GENERAL COUNSEL. 
PARKER and AARON, ? 
52 Broadwiv, New York. 


PAST PRESIDENTS.—1884 1916. 


*'NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 

T COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMPSON, 1859-90 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92 
PRANK JULIAN SPRAGUE, 1892-3. 
‘EDWIN J. HOUSTON, 1893-4-5. 
‘LOUIS DUNCAN, 1895-6-7. 

PRAXCIS BACON CROCKER, 1897-8. 
АР KENNELLY. 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02 


“Deceased. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4 
JOHN W. LIEB, 1904-5 
SCHUYLER SKAATS WHEELER, 1905-6 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 
C. О. MAILLOUX, 1913-14. 
PAUL M. LINCOLN, 1914-15 
JOHN J. CARTY, 1915-16. 
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INSTITUTE COMMITTEES. 


Revised to January 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 


H. W. Buck, Chairman, 
49 Wall Street, New York. 
N. A. Carle, George А. Hamilton, 
jobs H. Finney, William McClellan, 
ancroft Gherardi, J. Franklin Stevens. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 


1326 Chestnut Street, Philadelphia, Pa. 
N. A. Carle, Bancroft Gherardi. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman, 
General Electric Company, Schenectady, N.Y. 


L. W.Chubb, Secretary, W. E. and M. Co. East 
Pittsburgh, Pa. 


Frederick Bedell, F. W. Peek, Jr. 
Philander Betts, F. L. Rhodes, 
. G. De Remer, D. W. Roper, 
. А. Hornor, Harris J. Ryan, 
Edward P. Hyde, T. H. Schoepf 
L. E. Imlay, Charles P. Steinmetz, 
E. H. Martindale, N. W. Storer, 


Wilfred Sykes. 
EDITING COMMITTEE. 


W. I. Slichter, Chairman, 

Columbia University, New York. 
Frederick Bedell, T. Robinson, 
M. G. Lloyd, C. E. Skinner. 

CODE COMMITTEE. 


Farley Osgood, Chairman, 
3 Broad Street, Neoware. N. J. 


‚ C. ол. Sargent, 

. B. Gear, С. А. Sawin, 
А. H. Griswold, A. M. Schoen, 
H. O. Lacount, George F. Sever, 
Tonnan Livingston, C. E. Skinner, 

enry N. Muller H. S. Warren. 


BOARD OF EXAMINERS. 


A. S. McAllister, Chairman, 
Engineers’ Club, 32 West 40th Street, 


New York. 
W. I. Slichter, 


E. B. Katte, 
F. L. Rhodes. Philip Torchio. 
W. 


SECTIONS COMMITTEE. 


A. Hall, Chairman, 
General Electric Company, West Lynn, Mass. 
. G. De Remer, A. M. Schoen, 
aul M. Lincoln, J. Н. Tracy, 
and the chairmen of all Institute Sections, 
ex-officio. 
MEMBERSHIP COMMITTEE. 
Harold Goodwin, Jr., Chairman, 
1000 Chestnut Street, Philadelphia, Pa. 
G. M. Baker W. Chace, 
S. H. Blake, H. W. Flashman, 
E. H. Martindale. 
and the chairmen of the Membership Committees 
of all Sections. 


PUBLIC POLICY COMMITTEE. 
Calvert Townley, Chairman, 
165 Broadway, New York 


E. A. Carolan, William McClellan, 
pepe Т. Саму, Н.Н. Porter, 

redk. Darlington, C. S. Ruffner, 
Gano Dunn, А. M. Schoen, 
John B. Fisken, L. B. Stillwell, 
А. M. Hunt, H. G. Stott. 


COMMITTEE ON DEVELOPMENT OF 


WATER POWER. 

John H. Finney, Chairman, 

509 Metropolitan Bank Building, Washing- 

ton, D. C. 

F. О. Blackwell, . А. Lof, 
Francis Blossom, . V. N. Powelson, 
Gano Dunn, . B. Stillwell, 
Nicholas S. Hill, Jr., . G. Stott. 


mm 


STANDARDS COMMITTEE. 


C. A. Adams, Chairman, 

Harvard University, Cambridge, Mass. 
Harold Pender, Secretary, 

University of Pennsylvania, Philadelphia, Pa. 
P. G. Agnew, James, 


Frederick Bedell, P. Junkersfeld, 

Joseph Bijur, А. E. Kennelly, 

L. F. Blume, G. L. Knight, 

James Burke, A. S. McAllister, 

G. A. Burnham, W. M. McConahey, 

М. А. Carle, W. L. Merrill, 

E. J. Cheney, Charles Robbins, 

H. H. Clark, L. T. Robinson, 

E. H. Colpitts, C. H. Sharp, 

F. P. Cox, C. E. Skinner, 

W. A. Del Mar, A. J. Slade. 

E. J. Edwards, N. W. Storer, 
Н. М. Fisher, H. G. Stott, 

H. M. Hobart, R. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 

20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
А. E. Kennelly, Secretary, 

Harvard University, Cambridge, Mass. 
C. A. Adams, E. B. Rosa, 
В.А. Behrend, Charles F. Scott, 
Louis Bell, Clayton H. Sharp. 
James Burke, Samuel Sheldon, 
John J. Carty, C. E. Skinner, 
Gano Dunn, Charles P. Steinmetz, 


H. M. Hobart, H. G. Stott, 
John W. Lieb, Elihu Thomson, 
В. B. Owens, Philip Torchio. 
М. I. Pupin, 


PATENT COMMITTEE. 
Ralph D. Mershon, Chairman, 
80 Maiden Lane, New York. 
Bion J. Arnold, Charles А. Terry, 
John F. Kelly, B. F. Wood. 

EDISON MEDAL COMMITTEE. 
Appointed by the President for terms of five years. 
Term expires July 31, 1917. 

A. E. кешен. Chairman, Robert T. Lozier, 


G. McMeen. 
Term expires m 31, 1918. 
H, W. Buck, . А. Scheffler, 


J. Ex Stevens. 
Term expires July 31, 1919. 


Charles F. Brush N. W. Storer 
C. C. Chesney, 


Term expires July 31, 1920. 


Carl Hering Harris J. Ryan 
H. G. Stott. 


Term expires July 31, 1921. 


W. C. L. Eglin, Bancroft Gherardi, 
E. Rice, Jr. 


Elected by the Board of Directors from sts own 
membership for terms of two years. 
Term expires July 31, 1917. 


B. А. Behrend, Paul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 


C. A. Adams, Harold Pender, 
C. E. Skinner. 


Ex-Officto. 
H. W. Buck, President, 


George A. Hamilton, Treasurer, 
F. L. Hutchinson, Secretary. 


. + 
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TECHNICAL COMMITTEES. 
Revised to January 1, 1917. 


POWER STATIONS. 


PROTECTIVE DEVICES. 


;. G. De Remer, Chairman, D. W. Roper, Chairman 
10 Broadway, New York. Room 500, 72 W. Adami St., Chicago, TIL 
:. M. Drabelle, R. J. S. Pigott, L. L. Elden, A. А. Meyer, 
- э Egbert, Cecil Poole, G. Faccioli, L. C. Nicholson, 
W. $. Gorsuch, E. Р. Scattergood, V. E. Goodwin, N. L. Pollard, 
іл Harisberger. F. А. Scheffler, E. M. Hewlett, S. D. Sprong, 
13. esi, H. G. Stott, Paul M. Lincoln. Philip Torchio, 
гс зов W. R. Thompson, H. R. Woodrow. 
vaa ! 
ры р ото, ELECTROCHEMISTRY AND ELECTRO- 
S. 4. Moss, B. F. Wood. METALLURGY. 


T. H. 
W. E. and M. Co., 

Wesley J. Beck, 

F. A. J. Fitzgerald, 

A. F. Ganz, 


Schoepf, Chairman, 
ix Pittsburgh, Pa. 


G. Liljenroth, 
Eugene F. Roeber, 
J. А. Seede, 


1 А pem >. ч и Е. А. Lidbury, В. Tschentscher, 

$ ы Taw » 15с е 

E. E. P. Creighton, G. J. Newton, ELECTROPHYSICS. 

Я. H. Dewey, L. C. Nicholson, F. W. Peek, Jr., Chairman, 

P. M. Downing, W. D. Peaslee, General Electric Company, Pittsfield, Mass. 

Я. W. Fisher, Stefaan Pie Frederick Bedell, E. B. Rosa, 

Р. А Gaby, C. S. Ruffner, A. C. Crehore, Harris J. Ryan, 

W. T. Goddard. H. J. Ryan, G. Faccioli, Clayton H. Sharp, 

0. А. Нау, Р. D. Sampson, C. L. Fortescue, C. P. Steinmetz, 

R P. Hayward, H. E. Shedd, W. S. Franklin, P. H. Thomas, 

І. Р. Joiiyman, Julian C. Smith, A. E. Kennelly, J. B. Whitehead. 
P. H. Thomas. 


F. L. Rhodes, Chairman, 

TRACTION AND TRANSPORTATION 15 Dey St., New York. 
Х. W. Storer, Chairman. E. F. W. Alexanderson, Kem H, Moura B. Miller, 
Westinghouse E. & M. “Со., East Pittsburgh, Ра. R- E. Chetwood, uradian, 
Harry Н. Adams, P. J. Kearny, M. M. Davis, . O. Pennell, 
А. Н. Babcock William McClellan C. L. Fortescue, Апага Smith, 
Reinier Beeuwkes, ohn Murphy " H. M. Friendly, John S. Stone, 
E. |. B'air, {el B. Potter. F. B. Jewett, ohn B. Taylor, 
L. P. Crecelius, E. D. Priest, S. M. Kintner, : Wayne, 3rd, 
T. V. B. Duer, Charles H. Quinn. Wm. Maver, Jr. 5 G. M. Yorke. 
George Gibbs, Clarence Renshaw, 
\. J. Harvie, A. S. Richey, MARINE. 
Hgh Hazelton, Charles F. Scott, H. A. Hornor, (Pan man, 
E B. Katte, ohn B. Taylor, Hamilton Court, 39th & Chestnut Sts., Phila- 


H. S. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


TELEGRAPHY AND TELEPHONY. 


delphia, Pa 


D. M. Mahood, Secretary, 
Sperry Gyroscope Company, 
Manhattan Bridge Plaza, Brooklyn, N. Y. 


Е.Н. Martindale, Chairman M. W Cbillas, s or с> 
pu ;nal Carbon Co., Cleveland, Ohio. G. E. Edgar, С. A. Pierce, Jr., 
ЇН ni pe G. A. Johnstone, W. L. В. Emmet, H. M. Southgate, 
n B e A. este S R. Furlong, E A. Sperry, 

А M. Dudley, Charles D. Knight, Е Р. W. Wired зы 


RU B. Dwight, А. H. Lawton 


P E Ells А. М. MacCutcheon, COMMITTEE ON USE OF ELECTRICITY 
. E. Pries, А. С. Pierce, 
. В. Fishback, james. M. Smith, IN MINES 
R. H. Goodwillie, Weichsel, H. H. Clark, Chairman, 
А. L. Hadley, 1. В. Wiard, U. S. Bureau of Mines, 
R. B. Williamson. 40th & Butler Streets, Pittsburgh, Pa. 


LIGHTING AND ILLUMINATION. 


Frank E. Alexander, 
Frank H. Armstrong, 
Graham Bright, 


L. C. Ilsley, 
R. L. Kingsland, 
Charles Legrand, 


Edward P. H de, Chairman, . A. Chandler, Charles M. Means, 
Nela Park, Cleveland, O. F. J. Duffy, K. A. Pauly, 
Ч P сше Richard C. Powell, H. M. Warren. 
СЕ W. Dra yan, IRON AND STEEL INDUSTRY. 
8. Perkins, Caton H. Sharp, Wilfred Sykes, Chairman, 
W. M. Skiff, Box 242, East Liberty, Pa. 
S. C. Coey, А. С. Pierce, 
Е. B. Crosby, . C. Reed, 
ECONOMICS OF ELECTRIC SERVICE. E. Friedlaender, . Tschentscher, 
P-li-der B Ch E. S. Jefferies, Brent Wiley, 
ander Betts, Chairman, D. M. Petty, R. B. Williamson 


739 Broad Street, Newark, М. J. 


Нат! Almert, William McClellan, 
ян Blood, Jr., Norman С. McPherson, 
ү А. Bryan, Allard Smith, 


J. H. Wilson. 


EDUCATIONAL COMMITTEE. 
W. I. Slichter, Chairman. 


Cory H. G. Stott, Alexander Gray, William McClellan, 
Harry Chord Eddy, W.G. Vincent, E. J. Henkhe, Chester W. Rice, 
W. B. jackson George W. Whittemore, E. А. Loew, C. E. Skinner, 

.H. , С. W. Wilder R. D. Thomson. 
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SPECIAL COMMITTEES. 


Revised to January 1, 1917. 


REORGANIZATION OF TECHNICAL COM- 
MITTEES. 


L. T. Robinson, Chairman, 
General Electric Company, Schenectady, N.. Y 
E L. Hutchinson, H. H. Norris, 
. S. McAllister, J. Franklin Stevens, 
N. W. Storer. 


COMMITTEE ON STUDENT BRANCHES. 


C. W. Green, Chairman; 

Alexander Gray, E. A. Loew, 

C. Francis Harding, W. S. Rodman, 
C. F. Scott. 


са 
PROPOSED RESERVE CORPS or i 
ENGINEERS. 


Bion J. Arnold, Chairman, | 
105 South La Salle Street, Chicago, Ill. 
Jonn Harisberger, . Schoen, 
alph D. Mershon, Charles W. Stone. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 
A. H. Babcock, John F. Kelly, 
Gano Dunn, A. S. McAllister, 
Schuyler Skaats Wheeler. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 


Ralph D. Mershon, Paul M. Lincoln, 
C. O. Mailloux, John J. Carty, 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Gano Dunn, Samuel Sheldon, 
Calvert Townley. 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


Harold Pender, Edward D. Adams, 
W. I. Slichter, Samuel Sheldon, 
2 Е. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 
The chairman of the Institute's Code Committee. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 
Edward Caldwell. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 
W. S. Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 


Calvert Townley, William McClellan, 
John J. Carty. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 


Farley Osgood, F. B. H. Paine, 
Percy H. Thomas. 


NATIONAL COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
Paul Winsor. 


ON JOINT 


ON U. S. NATIONAL COMMITTEE OF THE. 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


А. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 
F. B. Jewett. 


ON ENGINEERING FOUNDATION BOARD 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 
Benjamin С. Lamme, Frank J. Sprague. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 


Gano Dunn, William McClellan, 
John H. Finney, Charles W. Stone. 
Calvert Townley. 


ON JOINT COMMITTEE ON METRIC 
SYSTEM. 


A. E. Kennelly, H. G. Stott. 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, N. A. Carle, 
P. Junkersfeld. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10 Via S. Radegonda, n 


aly 
Robert Julian Scott, Christchurch, New Zealand. 
T. P. Strickland, N. S. W. Government Railwa 8, 
ydney, N. S. 
W. G. T. Goodman, Adelaide, South Australia. 
james S. Fitzmaurice, „Perth, West Australia. 
. A. Herdt, McGill Univ., Montreal, Que. 
Henry Graftio, Petrograd, Russia. 
Richard O. Heinrich, Genest-str. 5, Schoeneberg, 
Berlin, Germany. 
A. S. Garfield, 45 Boulevard нее Paris, 
1 ‚ Вгапсе 
Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 
John W. Kirkland, Johannesburg, South Africa 
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LIST OF SECTIONS 


Revised to January 1, 1917. 


same and when Organized Chairman Secretary 
А* ЛЖ oo oe eR Јат 19, '04 | А. M. Schoen H.E.Bussey,3d Nat. Bk. Bldg. Atlanta,Ga. 
>....щотге............. ес. 16, '04 | J. B. Whitehead L.M.Potts, Industrial Bldg.,Baltimore, Md. 
Boston................ Feb. 13, "03 | Geo. A. Burnham | Ira M.Cushing,84 State St.,Boston, Mass 
Смїсаро....................... 1893| Taliaferro Milton, М. J. Crumpton: 111 W. Monroe St.,Chi- 
cago, Ill. 
Cleveland............. Sept. 27, '07 | E. W. P. Smith Bruce W. David, Lincoln Electric Co., 
Cleveland, Ohio. : 
Denver............... May 18, '15 | H. S. Sands Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 
Detroit-Ann Arbor..... Jan. 13, 11 | A. A. Meyer A. Oakes, American Electrical Heater 
Company, Detroit, Mich. 
Fort Wayne........... . 14, 08 | J. J. Kline 
Indianapolis-Lafayette. oed 12, '12 | J. L. Wayne, 3rd | Walter A. Black, 3042 Graceland Ave., 
Indianapolis, Ind. . 
Ithaca................ Oct. 15, '02 | F. Bedell Wiliam Deans, Franklin Hall, Cornell 
Univ., Ithaca, N. Y. 
Kansas City, Mo....... Apr. 14, '16 | A. A. Thompson Glenn О, Brown, 5519 Tracy Ave., Kansas 
it 
Los Angeles........... May 19, '08 | R. H. Manahan Carl È. Johnson, 459 East Third Street, 
Los Angeles, Cal. 
Ад. ИСЕЧЕ Aug. 22, "11 | Gordon Campbell | M. B. Carroll, С. E. Co., West Lynn, Mass. 
Madison.............. Jan. 8, '09 | F. A. Kartak L. E. A. Kelso, University of Wisconsin, 
Merico............... ec. 13, '07 Madison, Wis. 
Milwaukee .Feb. 11, 10 | F. W. Elis H. P. Reed, Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
Minnesota............ Apr. 7, '02 | R. J. S. Carter Vernon S. Beck, Beck Elec. Const. Co., 
Minneapolis, Minn. 
Sarath Osetia ид Oct. 10, '13 | Earl J. Atkisson ” . Markham, Balboa Heights, C. Z. 
Philadelphia........... Feb 18, '03 | H. P. Liversidge F. James, 14th Floor, Widener Bldg., 
МЕ Ра. 
Pittsburgh............ Oct. 13, '02 | G. C. Hecker F. E. Wynne, W. E. and M. Company, 
East Pittsburgh, Pa. 
Pittsfield.............. Mar. 25, '04 | V. E. Goodwin E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 
Portland, Оге.......... May 18, '09 | L. T. Merwin j. C. Martin, Pacific Power and Light Co., 
Portland, Oregon. 
Rochester............. Oct. 9, '14 | O. W. Bodler m on 1416 Lake Avenue, Rochester 
8t. Louis.............. Jan. 14, '03 | А Мск. Harrelson} H. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo. 
Зав Francisco. ........ Dec. 23, '04 | J. E. Woodbridge - С. Jones, 811 Rialto Building, San 
"Francisco, Cal. 
Schenectady........... Jan. 26, '03 | C. E. Eveleth H. L. Andrews, General Electric Company, 
Schenectady, N. Y. 
Seattle................ Jan. 19, 404 | C. E. Magnusson | С. Е. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Spokane.............. Feb. 14, '13 | D. F. Henderson | C. M. Fisher, Washington "Water Power 
Company, Spokane, Wash. 
Toledo................ June 3, 07 | W. E. Richards Max Neuber, Cohen, Friedlander & Mar- 
| tin, Toledo, Ohio. 
Toronto...... ........ Sept. 30, '03 | E. T. J. Brandon | Wills Maclachlan, 910 Excelsior Life 
Building, Toronto, Ont. 
Urbana............... Nov. 25, 02 | I. W. Fisk. L. V. James, Univ. of Illinois, Urbana, Ill. 
Vancouver............ Aug. 22, '11 | R. F. Hayward T. H. Crosby, Canadian Westinghouse Co. " 
Vancouver, B. C. 
Washington, D.C....... Apr. 9, '03 | Arthur Dunlop Louis G. Freeman, U. S. Geological Sur- 
vey, Washington, D. C 
Total 33 LIST OF BRANCHES 


Name and when Organized 


Agricultural and Mech. 


College of елаз. ‚ Моу. 12, 
Alabama Poly. Inst . Nov. 10, 
Alabama, Univ. of..... Бес. 11, 
А: » Univ. of..... Mar. 25, 
Armour Institute....... Feb. 26, 
Brookiyn Poly. Inst.....Jan. 14, 
Bucknell University .. .. May 17, 
California, Univ. of.....Feb. 9, 
Cernegie Inst. of Tech.. May 18, 
Cincinnati, Univ. of...... Apr. 10, 
Clarkson Col. of Tech... Dec. 10, 
Clemson Agricultural Col. Nov. 8, 
Celorade State Agricul- 

College....... . .Feb. 11, 


Chairman 
'09 | A. Dickie 
16 | W. W. Hill 
"14 | Gustav Wittig 
'04 | А. L. Wilson 
'04 | Ralph H. Earle 
16 | Paul G. Wehle 
'10 | N. J. Rehman 
'12 | Marc Holzer 
'15 | E. G. Peterson 
'08 | К. L. Utley 
'15 | H. H. Plank 
'12 | D. H. Banks 
'10 | H. W. McKinley 


Secretary 


G. B. Hanson, College Station, Tex. 

. I. Davis, Auburn, Ala. 

. F. Frazier, University, Ala. 

. L. Teague, University of Arkansas, 

Fayetteville, Ark. 

Harold A. Kleinman, 7743 Burnham 
Avenue, Chicago, Ill. 

Robert Davie, The Polytechnic Insti- 
tute, Brooklyn, N. Y. 

E. Hageman, Bucknell University, 

Lewisburg, Pa. 

A. C. Maynard, University of California, 
Berkeley, Cal. 

B. C. Dennison, Carnegie School of Tech- 
nology, Pittsburgh, Pa. 

H. V. McCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio. 

Philip В. Cloke, Clarkson College of 
Technology, Potsdam, N. 

W. H. Neil, Clemson College, S. C. 


F. G. Stiers, Colorado State Agricultural 
College, Fort Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name aad when Organized 


Colorado, Univ. of...... Dec. 16, ’ 


Georgia School of Tech- 
nology.............. June 25, 
Highland Park College..Oct. 11, 
Idaho, Univ. of......... June 25, 
Iowa State College..... Apr. 15, 
Iowa, Univ. of. ........ May 18, 
Kansas State Agr. Col...Jan. 10, 
Kansas, Univ. of....... Mar. 18, 
Kentucky,State Univ.of Oct. 14, 
Lafayette College...... Apr. 5, 
Lehigh University......Oct. 15, 
Lewis Institute......... Nov. 8, 
Maine, Univ. of........ Dec. 26, 
Michigan, Univ. of..... Mar. 25, 
Minnesota, Univ. of....May 16, 
Missouri Univ. of...... Jan. 10, 
Montana State Col......May 21, 
Nebraska, Univ. of..... Apr. 10, 


North Carolina Col. of A 


and Mech. Arts...... eb. 11, 
North Carolina, Univ. of.Oct. 9, 
Norwich University... фон 28, 
Ohio Northern Univ... eb. 9,' 
Ohio State University....Dec. 20, 
Okiahoma Agricultural and 

Mech. Col........... Oct. 13, 
Oklahoma, Univ. of... ..Oct. 11, 
Oregon Agr. Со!........ Mar. 24, 
Penn. State College. ... Dec. 20, 
Pittsburgh, Univ. of. ... Feb. 26, 
Purdue University...... Jan. 26, 
Rensselaer Poly. Inst.. . Nov. 12, 
Rose Polytechnic Inst... Nov. 10, 
Rhode Island State Col. Mar. 14, 
Stanford Univ......... Dec. 13, 
Syracuse Univ..........Feb. 24, 
Texas, Univ. of........ Feb. 14, 
шоор кок of Tech- 

M d ND Oct. 14, 
Virginia Polytechnic Insti- 
ли es Jan. 8, 
Virginia, Univ. of.......Feb. 9, 
Wash, State Col. of..... Dec. 13, 
Washington Univ....... Feb. 6, 
Washington, Univ. of... Dec. 13, 
West Virginia Univ..... Nov. 13, 
Worcester Poly. Inst.... Mar. 25, 
Yale University........ Oct. 13, 


Total 57. 


Chairman 


Charles C. Clymer| Victor E: Leroy, University of Colorado, 


R. E. Robinson 
E. E. Gould 

D. Nankervis 

Н. W. Matson 

R H. Oliver 

N. M. Foster 

H. E. Melton 
SamuelMcC.Hunt 
F. L. Magee 


P. B. Woodworth 
Fred P. Jones 


A. N. Clarke 
Jesse L. Thompson 
K. Atkinson 

Carl Ladenburg 
Olin J. Ferguson 
F. E. Coxe 

Edw. Y. Keesler 


W. C. Bedell 
H. D. Bender 


G. E. Davis 
H. M. Richards 
J. А. Hooper 


G. Geracimos 
E. R. Roth 


C. F. Harding 
W. J. Williams 
H. E. Smock 
А. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. M. Bryant 
J. Paul Youtz 
John D. Hindle 


W. S. Rodman 
C. H. Worthen 


Charles A. Lieber 
A. Kalin 

O. P. Joliffe 

C. W. Kennedy 
А. W. Cahoon 


Secretary 


Boulder, Colo. 


John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 

Adolph Shane, Highland Park College, 
Des Moines, Iowa. 

L.J.Corbett, Univ. of Idaho, Moscow,Idaho. 

F. A. Robbins, Iowa St. Col., Ames, Iowa. 

А.Н. Ford, University of Iowa, Iowa City, 


Iowa. . 
C. E. Reid, Kansas State Agri. Col., 
Manhattan, Kansas. | 
G. M. Bowman, 1517 New Hampshire, 
Lawrence, Kansas. 

Margaret Ingels, 251 Delmar Avenue, 
Lexington, Ky. 

Carl Theodore” "Маск, 418 McCartney 
Street, Easton, Pa. 

J. F. Wentz, Lehigh University, South 
Bethlehem, Pa. 


G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 

F. E. Richardson, University of Michigan, 
Ann Arbor, Mich. 

Donald P. Loye, 4216 Dupont Ave., South 


Minneapolis, Minn. 
P. Savant, University of Missouri, 
Columbia, Mo. 
Т.А. Thaler, Montana State College, 
Bozeman, Mont. 
V. L. Hollister, Station A., Lincoln, Nebr 


F. T. Haight, N. C. Coll. of A. and M. 
Arts, West Raleigh, N. C. 

W. Joyner, Univ. of? North Carolina, 

бин Hill, N. C. 


W. W. кааш 125 S. Gilbert Street, 
Ada, Ohi 
188 Wheatland 


L. W. Birch, 
Columbus, Ohio. 


W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 

К. E. Hetfner, University of Oklahoma, 
Norman, Okla. 

L. Happold, 
Corvallis, Ore. 

August Heine, State College, Pa. 

W. B. Forman, University of Pittsburgh. 
Pittsburgh, Pa. 

A. N. Topping, Purdue Univ., Lafayette, 
Indiana. 

W. R. Townsend, Jr., Rensselaer Poly- 
technic Institute, Troy, N. 

Sam P. Stone, 1012 North 8th Street, 
Terre Haute, Ind 

Carl A. Burclich, Rhode Island State Col- 
lege, Kingston, R. I. 

А. L. Morgan, Stanford University, Cal. 

К. А. Porter, Syracuse University, Syra- 
cuse, N. 

J. А. Correll, Univ. of Texas, Austin, Tex. 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 
E. S. Smithson, Virginia Polytechnic 

Institute, Blacksburg, Va. 
J; H. Peebles, University, Va. 


Avenue, 


Oregon Agri. College, 


J. Melrose, State Col. of Wash., 
© dine Wash. 
R. W. Macdonald, Washington Univer- 


uA St. Louis, Mo 
R. Himmelsbach, 4629 21st Avenue, 
' Seattle, Wash. 
F. Cronin, 52 TOROI Driveway 
Morgantown, : 

J. A. Blair, Worcester Polytecháie Institute 
Worcester, Mass. 

J. P. Allen, Sheffield Scientific School, 
New Haven, Conn. 
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A. I. E. E. MIDWINTER 
CONVENTION 
February 14-16, 1917 


The fifth annual midwinter conven- 
tion of the American Institute of 
Electrical Engineers will be held Feb- 
ruary 14, 15 and 16, in the Engineering 
Societies Building, New York. There 
will be five technical sessions, a number 
of interesting inspection trips, an in- 
formal reception, and the convention 
will close with a dinner-dance Friday 
evening. 

The technical sessions have been 
arranged by the Meetings and Papers 
Committee in conjunction with several 
of the technical committees. Тһе pa- 
pers for Wednesday'ssessions referto the 
heating and temperature of generators, 
and to protective devices. Thursday is 
devoted to electrophysics, three papers 
under this heading being scheduled for 
the morning session, and a lecture in the 
evening by Prof. R. A. Millikan on 
"Modern Physics". Members of the 
American Physical Society have been 
invited to participate in both of these 
sessions. The two sessions on Friday 
are to be devoted to the subjects of d-c. 
and a-c. motor control. қ 

The Committee on Technical Ex- 
cursions has arranged a number of 
inspection trips to various places of 
engineering interest, details of which 
will be found on page 33. 

The Entertainment Committee has 
provided for an informal reception, to 
be held Thursday evening after the close 
of Prof. Millikan's lecture, and a dinner- 
dance at the Hotel Astor, Friday 
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evening, will be the closing function of 
the convention. 

Al of the Convention papers are 
published in this issue of the PROCEED- 
INGS. 


Registration 


Each member and guest, upon regis- 
tration, will receive a badge bearing his 
or her name, to be worn during the 
convention for the purpose of identifi- 
cation. "The registration headquarters 
will be in the foyer of the Engineering 
Societies’ Building, and the members 
are earnestly requested to register 
themselves and their guests promptly 
on arrival. 


PROGRAM 


Wednesday, February 14, 
10:30 A.M. 


Opening Address, by President H. W. 
Buck. 
Standards Session 
1. Internal Temperatures о} А-С. Gen- 


erators, by Ralph Kelly. 
2:30 P.M. 


Protective Devices Session 

2. Reactors тп Hydroelectric Stations, 
by J. Allen Johnson. 

3. The Effect of Current-Limtting Re- 
actors 1n. Steam Turbine Stations 
Under Short- Circuit Conditions, 
by Paul B. Juhnke. 

4. Protection of Transformer Neutrals 


Against Destructive Transient 
Disturbances, by Max H. Coll- 
bohm. : 

7:30 P.M. 


Board of Directors’ Dinner, Univer- 
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sity Club, Fifth Avenue and 54th 
Street, New York. 


Thursday, February 15, 
10:30 A.M. 
Electrophysics Session 


5. Corona and Rectification in Hydro- 
gen, by J. W. Davis and C. S. 
Breese. 

6. The Electric Strength of Air-VII, by 
J. B. Whitehead and W. S. 
Brown. 

7. Oscillating ‘Current Circuits by the 
Method of Generalized Angular 
Velocities, by V. Bush. 

Members of the American Physical 
Society are cordially invited to attend 
this session. 

2:00 P.M. 

Inspection Trips. See below. 

Electrophysics Committee meeting, 

10th floor. 

Standards Committee meeting, 

floor. 


10th 


4:00 P.M. 

Board of Directors Meeting, 10th 
floor. Other committee meetings will 
be held as specified in notices to com- 
mittee members’ 

8:00 P.M. 
‘Lecture 

Modern Physics, by R. A. Millikan, 
President, American Physical Society, 
Professor of Physics, University of 
Chicago. 

Members of the American Physical 
Society are cordially invited to attend 
this lecture 

10:00 Р.М. 

Informal Reception for members and 
guests, Institute Headquarters, 10th 
floor. 

Friday February 16, 
10:30 A.M. 
D-C. Motor Control Session 
8. Industrial Controllers with Partic- 
ular Reference to the Control of 
D-C. Motors, by H. D. James. 
9. Analysts ‘of Starting Characteristics 
of D-C. Motors, by К. L. 
Hansen. 


[Feb 


2:30 P.M. 
A-C. Motor Control Session 
10. Transient Conditions іп Asynchron- 


ous Induction Machines and 
Their Relation to Control, by R. 
E. Hellmund. 


11. Performance of Polyphase Induction 


Motors Under Unbalanced Sec- 
ondary Conditions, by A. A. 
Gazda. 

7:00 Р.М. 


Dinner-Dance at Hotel Astor. 
Informal Reception 


At the close of Prof. Millikan's 
lecture an informal reception will be 
held in the Institute headquarters on 
the 10th floor. This will be a social 
reunion for the purpose of renewing and 
extending acquaintanceship among the 
members and guests attending the con- 
vention. Light refreshments will be 
served. 


Dinner-Dance 


А Dinner-Dance will be held at the- 
Hotel Astor, Broadway and 44th Street, 
New York, Friday evening, February 16, 
1917, at 7:00 o'clock. The purpose of 
the dinner-dance is to provide a pleasant 
social function for the entertainment of 
the members and their guests in attend- 
ance at the convention. 

The dinner will be served at 7:00 
o'clock and prompt attendance is 
desired in order that the Entertainment 
Committee’s arrangements тау be 
carried out as planned. 

The subscription price is $5.00 per 
person. This does not include wine, 
cigars, cigarettes, or a late supper. 

The tables will accommodate eight 
persons each. Members are requested 
to make up their own tables and to 
state their seating preference to the 
committee. Communications should be 
addressed to the Committee on Enter- 
tainment, A. I. E. E., 33 West 39th 
Street, New York. 


Inspection Trips 


The following companies have offered 
an opportunity to the members and 
guests in attendance at the Convention 
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to inspect their power houses and sub- 
stations with particular reference to 
those enumerated below. The afternoon 
of Thursday, February 15, 1917, has 
“еп selected for these visits, and 
nembers and guests who wish to avail 
themselves of this opportunity, are 
requested to register in the foyer of the 
Engineering Societies Building as 
promptly as possible after the opening 
of the Convention. Guides will accom- 
panyfeach party, leaving the Engineering 
Societies Building at 2:15 p.m. ' 


1. Edison Electric Illuminating Com- 

pany, Brooklyn, N. Y. 

Gold Street Power Station. 

2. Interborough Rapid Transit Com- 
pany, New York City. 

Power Station at 59th Street and 
North River. 

Power Station at 74th Street and 
East River. 

3. New York Central and Hudson River 

R. R. Company, New York City. 

Port Morris Power House, Sub- 
stations. 

Grand Central Terminal. 

4. The New York Edison Company, 

New York City. 

Waterside Station 38th Street 
and First Avenue. 

3. The New York Telephone Company, 

New York City. 

Walker Street Building, being 
the largest long distance cen- 
tral station in the world. 

6. Public Service Electric Company, 

Newark, N. J. 

Essex Power House. 


FUTURE INSTITUTE MEETINGS 


March Meeting 

The March meeting of the Institute 
wll be held in Chicago, Ill, March 9, 
1917, under the auspices of the Chicago 
“ction and the Committee on Pro- 
tective Devices. The official head- 
quarters of the Institute during this 
meeting will be at the Hotel Sherman, 
where the technical sessions and com- 
mittee meetings will be held. The sub- 
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ject of the meeting wil be “Relay 
Practise”. Two papers will be presented 
on this subject, one by Mr. Philip 
Torchio and the other by Mr. R. F. 
Schuchardt. 


April Meeting 
The April meeting of the Institute 
will be held in Schenectady, N. Y., 
April 13, 1917. The program for this 
meeting has not been completed but 
will be announced in the following issue 
of the PROCEEDINGS. | 


Annual Business Meeting 

The annual business meeting of the 
Institute will be held in New York at 
the Engineering Societies Building, 
May 18, 1917. At this meeting the re- 
port of the Board of Directors is pre- 
sented and announcement made of the 
election of officers for the ensuing year. 

Annual Convention 

The Annual Convention will be held 
at Hot Springs, Va., during the week 
beginning June 25, 1917. The head- 
quarters of the Institute during the con- 
vention will be The Homestead Hotel. 


FUTURE SECTiON МЕЕТ.МС5 


Boston.—February 7, 1917. The 
Annual Engineers Dinner for Boston. 
The speakers will be Prof. Elihu 
Thomson and Mr. E. H. Hewitz, with 
Prof. C. A. Adams as toastmaster. 

March 6, 1917. Subject: ‘Electric 
Transmission for Motor Cars". Speaker 
W. B. Potter. 


Chicago.— February 26, 1917. Sub- 
ject: “Тһе Making of Rates after 
Valuation. 


Fort Wayne.—February 8, 1917. Ad- 
dress by Mr. Harry H. Hower on “Тһе 
Sleeve Valve Motor”. By invitation of 
the Fort Wayne Automobile Trade 
Association. 

March 8, 1917. Motion picture en- 
titled “King of the Rails" showing evo- 
lution of transportation. 

Lynn.—February 3, 1917. 
Banquet, Boston City Club. 


Annual 
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Spokane.— February 16, 1917. Sub- 
ject: Transmission and Distribution. 

March 15, 1917. Subject: ‘‘Utiliza- 
tion of Electricity”. 


А. I. M. E. NEW YORK MEETING 


The 114th meeting of the American 
Institute of Mining Engineers will be 
held Monday, Feb. 19, to Thursday, 
Feb. 22, inclusive, 1917, at the Engi- 
neering Building, 29 West 39th St., 
New York. Technical sessions will be 
held at 10 a.m. and 2 p.m. and luncheon 
served at 12.30 p.m. at the Engineering 
Building on each of the first three days. 

Monday night has been designated 
"College Reunion Night" апа а 
meeting will be held at 8:30 p.m. on 
the fifth floor of the Engineering 
Building. The Annual Dinner, fol- 
lowed by dancing, will be given at Hotel 
Astor on Tuesday evening at 6:30 p.m. 
Wednesday evening will be devoted to 
an entertainment and lecture given in 
the auditorium of the Engineering 
Building at 8:30 p.m. On Thursday a 
special train will leave West 42nd St., 
between 8 and 9 a.m. for an all day 
excursion to West Point. 

An attractive program has been 
arranged for the entertainment of the 
ladies during the time occupied by 
technical sessions. 


1917 YEAR BOOK 


The Institute Year Book for 1917 
has been published and may be ob- 
tained free of charge by any member 
upon application to the Secretary, 33 
West 39th Street, New York, by mail 
or otherwise. 

The book, which is published pri- 
marily for distribution to prospective 
members in connection with the work 
of the Membership Committee, con- 
tains the constitution, by-laws, lists of 
officers and committees, alphabetical 
and geographical catalogues of the 
membership, and considerable other 
general information relating to the 
activities of the Institute. 
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JOHN FRITZ MEDAL 


TheJohn Fritz Medal for1917hasbeen 
awarded to Henry Marion Howe for his 
investigations in metallurgy, especially 
in the metallurgy of iron and steel. 

The John Fritz Medal Board of 
Award has published a book giving a 
history of the Medal, the Rules of 
Award, and illustrated biographical 
notices of medallists. This beautiful 
book may be obtained by addressing, 
Secretary of John Fritz Medal Board of 
Award, Engineering Societies Building, 
33 West 39th Street, New York. Price 
$3.00 per copy. 


DIRECTORS' MEETING PITTS- 
BURGH, PA., JANUARY 12, 1917 


The regular monthly meeting of the 
Board of Directors was held at the 
Duquesne Club, Pittsburgh, Pa., on 
Friday January 12, 1917, at 3:00 p. m. 

There were present: President H. W. 
Buck, New York; Past President Paul 
M. Lincoln, Pittsburgh, Pa.; Vice- 
Presidents C. A. Adams, Cambridge, 
Mass., J. Franklin Stevens, Philadelphia, 
Pa. В. A. Behrend, Boston, Mass., 
P. Junkersfeld, Chicago, Ill., and L. T. 
Robinson, Schenectady, N. Y.; Man- 
agers John H. Finney, Washington, D. 
C., Harold Pender, Philadelphia, Pa., 
C. E. Skinner, Pittsburgh, Pa., Chas. 
S. Ruffner, St. Louis, Mo., and Charles 
Robbins, Pittsburgh, Pa. 

Announcement was made of the 
following committee appointments by 
the President since the December 
meeting. 

Educational Committee: W. I. Slich- 
ter, Chairman, Alexander Gray, E. ]. 
Henkhe, E. A. Loew, William Мс- 
Clellan, Chester W. Rice, C. E. Skinner 
and R. D. Thomson. 

Committee on Student Branches: C. 
W. Green, Chairman, Alexander Gray, 
C. Francis Harding, E. A. Loew, W. S. 
Rodman and C. F. Scott. 

The special committee which had 
been appointed to consider the location 
for the 1917 Annual Convention, of 
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which Mr. J. Franklin Stevens was the 
Chairman, reported recommending that 
the Convention be held at the Home- 
stead Hotel, Hot Springs, Virginia. 
The recommendation of the committee 
was approved, and it was voted to hold 
the Convention at the place indicated, 


during the week beginning June 25, 


1917. | 

The report of the Board of Ex- 
aminers at its meeting held on January 
4 was read, and the actions taken at 
that meeting were approved. Upon 
the recommendation of the Board of 
Examiners, 107 Students were ordered 
enrolled; 119 applicants were elected 
to the grade of Associate; 3 applicants 
were elected to the grade of Member, 
and 2 Associates were transferred to the 
grade of Member. The names of these 
applicants will be found elsewhere in 
this 1ssue. 

A considerable amount of other 
business was transacted by the Board, 


reference to which will be found in this 


and future issues of the PROCEEDINGS. 


H. G. STOTT 


Henry Gordon Stott, Past-president 
of the Institute, died at his home in 
New Rochelle, January 15th, 1917, 
after an illness of many months. 

Mr. Stott was a native of the Orkney 
Islands, Scotland, where he was born 
in 1866, the son of the Rev. David and 
Elizabeth Jane (Dibblee) Stott. After 
a thorough grounding in the funda- 
mentals at the hands of his father and 
elementary school instructors he was 
enrolled as a student at the Watson 
Collegiate School, Edinburgh. Оп leav- 
ing this institution he entered the Col- 
lege of Arts and Sciences at, Glasgow, 
and began a course in mechanical 
engineering and electricity, graduating 
in 1885. In the previous year he had 
entered the employ of the Electric Illu- 
minating Company of Glasgow. Shortly 
after graduating he was made assistant 
electrician on board the steamship 
Minia, belonging to the Anglo-American 
Telegraph Company. The next four 
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and one-half years saw him engaged 
with those duties, during the course of 
which he saw much service in connec- 
tion with repairs to the cable lines of 
that company. In this period he under- 
took a number of experiments that 
resulted in the introduction of improved 
methods of handling cable repairs. 
He was also identified with the duplex- 
ing of the United States Cable Com- 
pany’s main cable (2,750 knots), the 
longest duplex cable in the world. 

In 1889 Mr. Stott was made assistant 
engineer of the Brush Electric Engineer- 
ing Company's plant at Bournemouth, 
England. The following year he was 
offered a post by Hammond and Co. 
as assistant engineer in the construction 
of an underground cable and power 
plant at Madrid, Spain. He remained 
there until 1891, coming to the United 
States in that year to install ап under- 
ground cable and conduit system for the 
Buffalo Light and Power Company 
(now the Buffalo General Electric 
Company). This work was completed 
with a degree of success that reflected 
very greatly to the credit of Mr. Stott. 
As a result he was named engineer of 
the company, and during the next ten 
years was one of the most active figures 
in the industrial progress of Buffalo. 
During this period he designed and 
executed some notable construction 
work, including a power plant on 
Wilkeson Street, Buffalo. 

His efforts attracted wide attention 
and in 1901 he was appointed superin- 
tendent of motive power of the Inter- 
borough Rapid Transit Company, New 
York City, a position which he has filled 
with signal success. At the time he 
took up these duties the Interborough 
had not yet been organized, the com- 
pany having the title of the Manhattan 
Railway Company. The post which 
Mr. Stott was called to had just been 
created, and it devolved upon him to 
organize the operating force, in connec- 
tion with which he completed the 
Seventy-fourth Street power plant of 
the company, various substations and 
transmission lines. 
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When the Manhattan system was 
amalgamated with the Interborough 
in 1904 Mr. Stott was invited to retain 
his office with the new corporation. 
He accepted and immediately took 
over supervision of the construction 
of the power plant on Fifty-ninth Street. 
Since that time he has been constantly 
in charge of design, construction and 
operation of the power generating 
stations and the distributing system of 
the Interborough, which comprehends 
both the subway, elevated and surface 
lines of New York City. 


The plans for the electric power 
system of the new subway lines have 
been developed under his supervision 
and the work has progressed so far and 
bears so strongly the stamp of his work 
that when completed it will be a 
monument to him. | 


Mr. Stott was a firm believer in co- 
- operation among engineers, through the 
agency of engineering societies, and 
devoted much of his time and ability 
to the welfare and development of 
these professional organizations. He 
was elected president of the American 
Institute of Electrical Engineers for the 
term | 1907-1908, having previously 
served as a member of the Board of 
Directors for three years. He was a 
vice-president of the American Society 
of Mechanical Engineers for the term 
1912-1914, director of the American 
Society of Civil Engineers in 1911, and 
was vice-president and trustee of the 
United Engineering Society at the 
time of his death. Up to the last Mr. 
Stott was a recognized power in the 
Institute and was a member of the 
Standards Committee, the Public Policy 
Committee, the Committee on Develop- 
ment of Water Power, the United States 
National Committee of the Interna- 
tional Electrotechnical Commission, 
the Power Stations Committee, the 
Committee on Economics of Electric 
Service, the Edison Medal Committee, 


and was one of the Institute’s repre- 
sentatives on the Joint Committee on 
the Metric System. 
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As a result of his unusually wide 
experience and extended research Mr. 
Stott has been called upon often to 
contribute papers to the various engi- 
neering societies. He is especially well 
known for his minute analysis of en- 
gineering problems. Among the large 
number of papers which he has written 
on this subject are “Тһе Conversion 
and Distribution of Received Currents,” 
"Power Plant Economics", “Notes on 
the Cost of Power", ''Steam Pipe 
Covering and its Relation to Station 
Economy”, ‘Tests of а 15,000-Kilo- 
watt Steam Engine Turbine Unit”, 
"Power Plant Design: and Operation", 
(a series) etc. 


Mr. Stott was a remarkable figure in 
the engineering world because he was in 
the front rank of both electrical and 
mechanical engineers, because in both 
branches of the art, he was a master of 
theory and practise and because with 
these technical qualifications. he com- 
bined a rare executive ability, a power 
of inspiring the confidence of his em-' 
ployees and of bringing out the best 
that was in the men who worked for 
him. 

Mr. Stott's activities were not con- 
fined to engineering matters. Не early 
became a citizen of the United States 
and served for five years in the 74th 
Regiment of the National Guard of 
New York State. | 


He was also an active member of the 
Protestant Episcopal Church, being a 
communicant of St. Paul's Church of 
New Rochelle, in the affairs of which he 
was deeply interested. 

He was married July 22, 1894 to Miss 
Anna Mitchell, of Belfast, Ireland, who 
with their two children, a son and a 
daughter, survive him. The family 
home is located at New Rochelle, New 
York. 

The Institute representatives at the 
funeral services on Wednesday evening, 
January 17, included Past Presidents 
John W. Lieb, C. О. Mailloux, Ralph 
D. Mershon, and L. B. Stillwell; Mr. 
Theo. Beran and Mr. Philip Torchio. 
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FLORIDA ENGINEERING SOCIETY 


At a meeting held in Jacksonville, 
Florida, Dec. 22 and Dec. 23, 1916 
with an attendance of about eighty, 
there was organized the Florida En- 
gineering Society. Тһе membership 
will 1nclude electrical, mechanical, civil 
and mining engineers, and naval archi- 
tects. А 

The following officers were elected: 
President, L. D. Smoot, A. S. C. E; 
Vice-presidents, W. P. Darwin, A. S. C. 
E.; and В. E. Chandler, A. S. M. E; 
Secretary, J. К. Benton, A. I. E. E; 
Treasurer, H. D. Mendenhall, A.S.C. E. 

The first regular annual meeting will 
be held in Tampa, Florida, early in 
February. 

А. I. E. E. MEETING IN PITTS- 
BURGH JANUARY 12, 1917 


The 328th meeting of the American 
Institute of Electrical Engineers was 
held Friday evening, January 12, 1917 
in the Fort Pitt Hotel, Pittsburgh, Pa., 
under the auspices of the Pittsburgh 
Section and the Traction and Trans- 
portation Committee. 

In addition to the evening technical 
session, there were during the day 
several committee meetings, as follows: 
The Standards Committee at 10 a.m. 
and the Membership Committee, the 
Traction апа. Transportation Com- 
mittee and the Industrial Power Com- 
mittee. 

Under guides furnished by the local 
committee, various interesting inspec- 
tion trips were taken to power stations, 
telephone exchanges and manufacturing 
plants in and about Pittsburgh. Ап 
informal dinner attended by about two 
hundred was held in the English Room 
of the Fort Pitt Hotel at 6:30 p.m. 


After the tables had been cleared the’ 


technical session with about three 
hundred present was called to order by 
President Harold W. Buck at 8:15 p.m. 
President Buck presented Mr. R. E. 
Hellmund who gave a brief outline of 
his paper entitled "Regenerative Brak- 
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ing of Electric Vehicles". This paper 
called forth a spirited discussion by the 
following men: Robert Lundell, C. A. 
Adams, E. F. Alexanderson, A. J. Hall, 
R. E. Ferris, W. V. Turner, H. M. 
Hobart, F. R. Philips, C. E. Fortescue, 
K. A. Simmons, F. D. Newbury, W. 
B. Potter, N. W. Storer and R. E. 
Hellmund. 


PAST SECTION MEETINGS 


Baltimore.— December 15, 1916, 
Johns Hopkins University. Paper: 
"Heavy Electric Traction” by Clarence 
Renshaw. Attendance 42. 

Boston.—]anuary 9, 1917. Illus- 
trated lecture by Dr. G. W. Pierce on 
' “Gaseous Detectors for Amplifying 
Feeble Electric Currents". Dr. Pierce 
gave a demonstration of the working of 
the detector. Attendance 125. 

Chicago.— November 25, 1916. Ра- 
pers: (1) ‘‘Temperature Distribution in 
Electrical Machinery” by В. С. Lamme; 
(2) “Rational Temperature Guarantees 
for Large A-C. Generators" by F. D. 
Newbury. Attendance 150. 

Cleveland.— December 15, 1916, Ho- 
tel Statler. Paper: ‘‘Speed Control of | 
Induction Motors for Rolling Mill 
Drive" by Mr. Wright. Attendance 60. 

Denver.— December 16, 1916, Den- 
ver Athletic Club. Paper: “Тһе 
Application of Electric Drive to Mining 
Operations" by Franklin P. Wood. 
Attendance 31. 

Detroit-Ann Arbor.—December 22, 
1916. Address on ''A-C. Circuit Funda- 
mentals" by H. H. Higbee. Illustrated 
lecture on “Illumination as a Factor 
in Manufacturing Costs" by Geo. C. 
Keech. Attendance 35. 

Ithaca.— December 15, 1916. Papers: 
(1) "Proposed Reserve Corps of Civilian 
Engineers for the U. S. Army" by 
Lieut. C. Е. Williams, U. S. A.; (2) 
"Appraisals and Inventories of Elec- 
trical Properties" by А. B. Crandall 
and A. C. Woodward. Motion pictures 
entitled "Si Smith's Conviction”. At- 
tendance 50. 

Los Angeles.—November 14, 1916, 
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Christophers. Annual Get-To-Gether 
Dinner. Attendance 98. 

December 19, 1916, Chamber of 
Commerce. Paper: ‘‘Undamped Arc 
Oscillators for High-Power Radio 
Stations” by August Hund. Attendance 

27. i 
° Milwaukee.—December 20, 1916, 
Hotel Wisconsin. Illustrated address 
by Mr. J. W. Peterson on ''Scienti- 
fic Lubrication”. Attendance 108. 

January 6, 1917, Republican House. 
Address by Prof. I. N. Hollis, President 
of the A. S. M. E., on “The Place of the 
Engineer and the Engineering So- 
ciety in Modern Life". Meetings under 
the auspices of local section of A. S. M. 
E. Attendance 65. 


Minnesota.— December 18, 1916, En- 


gineering Auditorium, University of 
Minnesota. Paper: "'Transmission 
Economics and the Insulator Prob- 
lem" by Lincoln Nissley. Paper was 
followed by a demonstration of high- 
voltage testing. joint meeting of 
Minnesota Section and University of 
Minnesota Branch. Attendance 200. 

Philadelphia.—November 13, 1916, 
Engineers Club. Illustrated address by 
Mr. A. О. Austin on “Тһе Manu- 
facture and Testing of High-Voltage 
Porcelains". Attendance 90. 

November 23, 1916, Franklin Insti- 
tute. Paper: “Тһе Electric Strength of 
Air and Methods of Measuring High 
Voltage" by John B. Whitehead. 
Attendance 250. 

December 11, 1916, Engineers Club. 
Paper: ‘‘What Electricity Has Done for 
Philadelphia" by E. J. Cattell. Motion 
pictures entitled "The King of the 
Rails". Attendance 80. 

Pittsfield.— November 23, 1916, Ho- 
tel Wendell. Illustrated address by Mr. 
W. H. Bassett on ''Copper and Its 
Alloys". Attendance 80 

December 12, 1916, Hotel Wendell. 
Annual Dinner-Dance of the Pittsfield 
Section. Attendance 100. 

December 14, 1916, Hotel Wendell. 
Paper: "Electric Transmission for Mo- 
tor Cars" by W. B. Potter. Mr. Potter 
showed a number of stereopticon views 
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to illustrate the paper. Attendance 150. 

Rochester.—November 24, 1916, 
Rochester Engineering Society Rooms. 
Paper: ‘‘Electric Pyrometers’’ by Ralph 
C. Schwarz. Attendance 29. 

Spokane.— December 15, 1916, Mill- 
wood. Paper: ‘‘The Application of 
Electricity in the Manufacture of 
Paper" by A. W. Fisher. Following 
presentation of the paper an inspection 
was made of the plant of the Inland 
Empire Paper Company. Attendance 
60. 

Toledo.— December 22, 1916, Toledo 
Art Museum. Ilustrated lecture by Mr. 
John B. Taylor on “Соїог Photography 
with Microscope and _ Stereoscope’’. 
Attendance 65. 

January 3, 1917, Toledo Commerce 
Club. Motion picture entitled “Тһе 
King of the Rails". Election of officers 
as follows—chairman, W. E. Richards; 
vice-chairman, George E. Kirk; secre- 


tary-treasurer, Max Neuber. Attend- 
ance 23. 

Toronto.— December 15, 1916, Engi- 
neers Club. Addresses by Capt. 


Mathison R. C. E., and Lieut. Armer, 
on “Тһе Work of the Engineer at the 
Front”. Illustrated address by Mr. С. 
Н. НШ on “Railway Electrification”. 
Attendance 61. 

Washington.— December 12, 1916, 
Cosmos Club. Paper: ‘‘Good Illumina- 
tion and Its Satisfactory Production" 
by J. S. Romig. Attendance 40. 


PAST BRANCH MEETINGS 


Armour  Institute.— December 21, 
1916. Paper: “Тһе Engineer's Personal 
Equipment”. Attendance 84 

Brooklyn Polytechnic  Institute.— 
November 17, 1916, Mailloux Library. 
Lecture entitled “Тһе Telephone Girl". 
Attendance 59. 

December 15, 1916, Mailloux Library. 
Paper: “Тһе Proper Metering of the 
Energy of a Central Station”, by Е. V. 
Magalhaes. Election of officers as fol- 
lows—chairman, Paul G. Wehle; first 
vice-chairman, Henry J. Goss; second 
vice-chairman, Lester M. Gill; secre- 
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тагу, Robert Davie; treasurer, Frank 
E. Canavaciol. Attendance 35. | 

Bucknell University.— December 13, 
1916. Ilustrated lecture on “Тһе 
Panama Canal; Its Construction and 
Operation”. 

Carnegie Institute of Technology.— 
December 13, 1916, Machinery Hall. 
Symposium on ‘Railway Electrifica- 
поп” by Messrs. А. L. Morley, Е. G. 
Peterson, W. W. Wolfe and L. V. 
Bohannon. Attendance 20. 

University of Cincinnati.— December 
13, 1916. Lecture by Mr. C. R. Under- 
hill on ‘‘Electromagnets’’. Attendance 
12. i 

Clarkson  College.—November 22, 
1916. Papers: (1) "Rational Tempera- 
ture Guarantees for Large A-C. Gener- 
ators” by Е. D. Newbury; (2) “Тетрег- 
ature Distribution in Electrical Machin- 
егу” Бу В. С. Lamme. Attendance 16. 

December 13, 1916. Address by Dr. 
J. P. Brooks on “Му Experiences as 
an Engineer". Attendance 20. 

December 20, 1916. Illustrated 
lecture on ‘Тһе Apprenticeship System 
at Westinghouse Elec. and Mfg. Co." 
Attendance 17. 

January 4, 1917. Paper: Boilers and 
Boiler Stokers— Their Care and Oper- 
ation" by B. К. Robinson. Attend- 
ance 16. 

Colorado State Agricultural College. 
—December 18, 1916, Electrical Hall. 
Illustrated lecture by Prof. F. G. 
Persons on “Тһе Electron Theory as ап 
Explanation of Magnetic Phenomena”. 
Motion picture entitled “Тһе King of 
the Rails". Attendance 18. 

Lafayette College.— December 16, 
1916. Papers: (1) ‘‘Thermit and 
Thermit Welding"; (2) "Methods of 
Electrical Welding”; (3) ' Manufacture 
of Mazda Lamps”; (4) “Gas Filled 
Lamps for Street Lighting". Attend- 
ance 19. 

January 5, 1917. Papers: (1) "The 
Pennsvlvania Water Power Company's 
Plant at Holtwood, Pa." ; (2) “Bakelite 
and Its Uses". Attendance 20. 

January 19, 1917. Papers: (1) 
"Light Reflecting Values of Paints”; 
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(2) “Water 
Attendance 16. 

University of Missouri.— December 
18, 1916, Engineering Building. 
Paper: ‘‘Empirical Curves” by E. R. 
Hedrick. Attendance 25. 

University of Nebraska.—January 10, 
1917, Electrical Engineering Building. 
Addresses by Messrs. E. M. Kadlecek 
and Н. B. Whitfield on ‘Һе Application 
of Electricity to Automobiles". Election 
of officers as follows—chairman, О. ]. 
Ferguson; corresponding secretary, F. 
C. Holtz; student chairman, H. B. 
Whitfield; student secretary, I. B. 
Starr; treasurer, Fred Garrison.  At- 
tendance 14. 

North Carolina College of Agricul- 
tural and Mechanical Arts.—January 
10, 1917. Mr. С. C. Cox spoke оп. 
"Wireless Theory". Mr. R. M. Hooper 
demonstrated the lighting power of a 
small electromagnet, and showed the 
process of electroplating. Attendance 
14. 

Ohio Northern University.— January 
10, 1917, Dukes Memorial. Addressesby 
Messrs. Parson and Ferlic on ''Over- 
head and Underground Contact Sys- 
tems for Electric Railways”. 

Ohio State University.— January 5, 
1917, Physics Building. Addresses by 
Mr. C. Е. Kettering on “Тһе Relation 
of the Engineer to Industry”. Attend- 
ance 400. 

Oregon Agricultural College.—De- 
cember 14, 1916. Paper: “Lake Spauld- 
ing Power Development” by С. J. А. 
Hooper. Attendance 19. 

Purdue  University.— December 8, 
1916, Electrical Building. Paper: 
“Electromagnets and Electromagnetic 
Mechanism” by C. R. Underhill. At- 
tendance 60. 

January 9, 1917, Electrical Building. 
Papers: (1) "Industrial Control” by L. 
D. Rowell; (2) Construction and Oper- 
ation of Electric Headlights” by E. В. 
Warren. Attendance 40. 

University of Texas.—November 15, 
1916. Election of officers as follows— 
chairman, J. W. Ramsay; secretary- 
treasurer J. А. Correll; executive com- 


Power Developments”. 
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mittee, W. C. Blair, W. H. Harrison, 
and W. E. Buckner. Attendance 17. 

December 13, 1916. Address by Prof. 
J. M. Bryant on “Тһе Development of 
Electrical Transportation”. Motion 
picture “Тһе King of the Rails”. 
Attendance 172. 

January 12, 1917. Papers: (1) ‘‘Elec- 
tric Locomotives" by L. B. Walker; 
(2) “Historical Development of Collect- 
ing Devices for Electric Locomotives” 
by W. A. Darter. Attendance 24. 

Agricultural and Mechanical College 
of Texas.— December 15, 1916. Address 
оп “Тһе Schenectady Works of the 
General Electric Company” by Prof. W. 
G. James. Attendance 28. 

University of — Washington.— De- 
cember 13, 1916, Forestry Hall. Papers: 
1) “Тһе General Characteristics of 
Substation Operation" by Adolph 
Huelsdonk; (2) "Experiences of a Sub- 
station Operator" by A. S. Grenland. 
Attendance 19. 

Worcester Polytechnic Institute.— 
January 5, 1917, Electrical Engineering 
Building. Illustrated lecture ‘‘From Ore 
to Finished National Tubing" by H. T. 
Miller. Joint meeting with local 
branches of A. S. M. E. and civil 
engineering society. Attendance 150. 


MEMBERS ELECTED 
JANUARY 12, 1917 


Јонмѕом, HARLEY ALDEN, Master Me- 
chanic, Metropolitan West Side Ele- 
vated Ry. Co., Northwestern Elevat- 
ed R. R. Co., Chicago & Oak Park 
Elevated R. R. Co., Chicago, Ill. 

KNOWLTON, ARCHER E., Asst. Professor 
of Physics; Power & Illumination 
Expert for Public Utilities Commis- 
sion; res., 37 Brownell Ave., Hartford, 
Conn. 


TRANSFERRED TO THE GRADE 
OF MEMBER JANUARY 12, 1917 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board 
of Directors on January 12, 1917. 
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JONES, REGINALD L., Transmission 
Engineer, Western Electric Co., New 
York, N. Y. | 

LENT, WILMAR F., Electrical Engineer, 
Cutler-Hammer Mfg. Co., New York, 
М.Ү. 


RECOMMENDED FOR TRANSFER, 
JANUARY 4, 1917 


—— 


The Board of Examiners, at its 
regular monthly meeting on January 
4, 1917, recommended the following 
members of the Institute for transfer to 
the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To Grade of Fellow 


KNIGHT, GEORGE LAWRENCE, Design- 
ing Engineer, Edison Electric Illum- 
inating Co. of Brooklyn, Brooklyn, 
N. Y. 


PIERCE, ALBERT EDWIN, Vice-President 
and General Manager, Wisconsin- 
Minnesota Power & Light Co., Eau 
Claire, Wis. | 

TEsLA, NIKOLA, Inventor, New York, 
N. Y. 


VON KroGH, KARL KoNono, Consulting 
Electrical Engineer, Nissen & von 
Krogh, Christiania, Norway. 

To Grade of Member 

LINDSTROM, GusTAV, Chief Engineer 
and Secretary, Electric Products Co., 
Cleveland, O. 

Morrow, LESTER WILLIAM WALLACE, 
Associate Professor of Electrical 
Engineering, University of Oklahoma, 
Norman, Okla. | 

WOOLFENDEN, Н. L., District Manager, 
Allis-Chalmers Mfg. Co., Denver, 
Colo. 


ASSOCIATES ELECTED JANUARY 
12, 1917 | 


*ALDRICK, Louis Соок, Electrician, 
New England Westinghouse Co., 
E. Springfield; res., 68 Monmouth St., 
Springfield, Mass. 
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*ATWELL, CLARENCE ALLEN, Instructor *BunNs, THOMAS STEPHEN, Asst. to 


in General Engineering Drawing, 
University of Illinois; res., 610 W. 
Oregon St., Urbana, Ill. 

BarTIN, WILLIAM INGRAM, Engineer, 
Southern Div., Northern Indiana 
Gas & Electric Co.; res., 1220 W. 
Washington St., Ft. Wayne, Ind. 


*BaxTER, HAROLD CALHOUN, Chair- 
man, Engineering Dept., Pennsyl- 
vania Railroad Co.; res., 915 So. 48th 
St., Philadelphia, Pa. 

BaxTER, HUBERT KATHAN, Electrical 
Squad Boss, Drafting Dept., Stone & 
Webster Engineering Corp., Boston; 
res., 1340 Commonwealth Ave., All- 
ston, Mass. 


ВЕлкү, DONALD BRADFORD, Lieutenant, 
U. S. Navy, Furnald Hall, Columbia 
University, New York, N. Y. 

*BEAVER, GEORGE LOVELL, Testing 
Dept., General Electric Co.; res., 
230 Union St., Schenectady, N. Y. 

*BELLVILLE, JAMES R., Foreman, 
Service Station, Wagner Electric 
Mfg. Co., St. Louis; res., 116 Central 
Ave., Clayton, Mo. 

BENNINGER, MARSHALL P., Material 
Foreman, Electrical Division, Pan- 
ama Canal, Balboa, Canal Zone. 

*BEssESEN, BEN B., Mechanical Drafts- 
man, Brinkley Supply Co.; res., 4123 
llth Ave. №. E., Seattle, Wash. 

BIRELEY, JESSE L., Meter Engineer, 
General Electric Co.; res., 327 W. 
Butler St., Fort Wayne, Ind. 


*BRESSLER, HARPER V., Inspector on 
Electrification, Gibbs & Hill; res., 
4825 Walton Ave., Philadelphia, Pa. 


BrocKWAY, REUBEN MILLER, Indus- 
tnal Control Engg. Dept., General 
Electric Co.; res, 26 Eagle St., 
Schenectady, N. Y. 


*BROWN, CLAUDE CHARLES, Asst. Boiler 
Room Engineer, Station “А”, Pacific 
Gas & Electric Co., San Francisco; 
res., Berkeley, Cal. 

BurNHAM, Roy R., Electrical Engineer, 
Monks & Johnson, 78 Devonshire St., 
Boston; res., 32 Dudley St., Medford, 
Mass. 


Supt. of Distribution, Elmira Water, 
Light & Railroad Co., Elmira, N. Y. 


BuTLER, PauL Houston, Manager, 
New York Office, Pittsburgh Trans- 
former Co., 30 Church St.; res., 305 | 
W. 45th St., New York, N. Y. 


CAMERON, GORDON, Engineer, Oil Cir- 
cuit Breaker Div., Condit Electrical 
Mfg. Co., South Boston; res., 45 
Sachem St., Wollaston, Mass. | 


CLARKE, EUGENE CALDWELL, Assistant | 
Engineer, Aerial Line Dept., Phila- 
delphia Electric Co., 1000 Chestnut 
St.; гез., 5120 М. 15th St. W., Phila- 
delphia, Pa. 

*CoLE, Horace LEE, Engineering 
Dept., Westinghouse Electric & Mfg. 
Co., East Pittsburgh; res., 403 Hay 
St., Wilkinsburg, Pa. 

CORNELL, ROBERT LESLIE, General 
Manager, Kentucky River Power Co., 
Hazard, Ky. 

CunTIS, RALPH L., Electrical Engineer, 
Fisher Body Corp.; гез., 111 Spruce 
St., Detroit, Mich. 

*DACE, FRED Ермим, Power Plant and 
Substation Design, Elec. Engg. Dept., 
Goodyear Tire & Rubber Co.; res., 
45 Spruce St., Akron, O. 

DE Camp, Ray Epwarp, Electrical 
Engineer, Industrial Control Dept., 

_ Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 204 West St., 
Wilkinsburg, Pa. 

DEL PuGLia, ANTONIO, Engineer, So- 
cieta Elettrotecnica Galileo Ferraris; 
res., Piazza Costello 4, Milano, Italy. 

DHOOGE, VICTOR C., Electrical En- 
gineer, Detroit Screw Works; res., 
56 Mitchell Ave., Detroit, Mich. 

*DIEHL, GEORGE SANDY, Electrician, 
West Penn Power Co., Pittsburgh; 
res., 310 Locust St., Butler, Pa. 

Dixon, Harry JAMES, Switchboard 
Operator, Substation No. 2, Hudson 
& Manhattan R. R. Co.; res., 3057 
Bailey Ave., New York, N. Y. 

d’OLIVEIRA, EDMOND, Head of Tech- 
nical Staff, Cie. Liuha Circular, Cie. 
Trilhos Centrals; res. Ladeira de 
Barre No. 11, Bahia, Brazil, S. A, 
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DuNLAP, Harry Boyp, Oil Flotation 
Operator, Nevada Consolidated Cop- 
per Co., McGill, Nev. 

*EDISON, OSKAR EDWIN, Operating 
Dept., Commonwealth Edison Co., 
Station No. 2; res., 1504 E. 58га St., 
Chicago, Ill. 

*FADEN, JAMES LEATHERBEE, French & 
Hubbard, 88 Pearl St., Boston; 
res., 18 Pleasant St., Waltham, Mass. 

*FAIRBANKS, FRANK BATES, Advertis- 
ing Man, Department of Publicity, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

FoLEv, |. УУ. BEASLEY, Assistant Man- 
ager, Marconi Wireless Telegraph 
Co.; res., 130 Lakeshore Drive, Port 
Arthur, Tex. 

*GANSCHOW, LLOYD WHEATON, Elec- 
trolysis Engineer, Plant Dept., Wes- 
tern Union Telegraph Co., Cleveland; 
res., 42 13th Ave., Columbus, O. 

GILMAN, WILLIAM F., Utility Manager, 
Central Illinois Public Service Co., 
Beardstown, Ill. 

*GOETZENBERGER, RALPH LEON, Power 
& Mining Engineering Dept., General 
Electric Co.; res., 244 Union St., 
Schenectady, N. Y. 

*GoocH, EVERETT P., Railway Engi- 
neering Div., Westinghouse Electric 
& Mfg. Co., East Pittsburgh; res., 
612 Hill Ave., Wilkinsburg, Pa. 

HANSEN, Kaus LoBECE, Designing 
Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh; res., 310 
Trenton Ave., Wilkinsburg, Pa. 

HAROLD, WILLIAM HENRY, Electrician; 
res., 347 Grove, Walla Walla, Wash. 

HAUSER, WILLIAM S., Electrician, Pub- 
lic бегу.се Corp.; res., 313 S. 11th St., 
Newark, М. J. 

*HAUSMANN, VALENTINE FRANK, Cadet 
Engineer, Philadelphia Electric Co.; 
res., Central Branch, Y. M. C. A, 
Philadelphia, Pa. 

HEIDENREICH, ALLAN HARLAN, Elec- 
trical Engineer, Firestone Tire & 
Rubber Co., Akron, O. 

HOFFMANN, JACOB J., In charge of Tool 
Room, Vilter Manufacturing Co.; 
res., 495 Murray Ave. Milwaukee, 
Wis. 
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Носілумр, Gustav E., Assistant Engi- 
neer, Demand Meters, General Elec- 
tric Co.; res., 743 Walnut St., Fort 
Wayne, Ind. 

*HoLMES, WILLIAM Mowry, Estimator 
of Transmission Line Construction, 
Pacific Light & Power Corp., Los 
Angeles; геѕ., Alhambra, Cal. 

Hoppin, GILBERT НАМО, Electrical 
Engineer, Hazard ManufacturingCo. ; 
res., 165 West River St., Wilkes- 
Barre, Pa. 

НозЕсоор, PuiLiP EDGAR, Consulting 
Engineering Laboratory, General 
Electric Со.; res, 417 Union St., 
Schenectady, N. Y. 

*HupsoN, WILLIS FENTON, Testman, 
General Electric Co.; res., 53 Wash- 
ington Ave., Schenectady, N. Y. 

HuLiNG, JOHN EDWARD, JR., Tester, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 704 Johnston 
St., Wilkinsburg, Pa. 


*HuxLEY, Roy DESMOND, Transmis- 
sion & Protection Engg. Dept., 
American Tel. & Tel. Co., New York, 
N. Y.; res., 69 Prospect St., East 
Orange, N. J. 

*IMES, OLIVER бТАРР, Distribution 
Engineering Dept., T. M. E. R. & L. 
Co.; res., 279 25th St., Milwaukee, 
Wis. 

JOHNSON, STANLEY FRANCIS, Electrical 
Engineer, American Steel and Wire 
Co.; res., 28 Rockdale St., Greendale, 
Worcester, Mass. 


JOHNSON, THOMAS DANIEL, Meter 
Dept., Alabama Power Co.; res., 2216 
12th Ave. N., Birmingham, Ala. 


*KENT, PHILIP JAMES, Director of 
Studebaker Technical School, Stude- 
baker Corp.; res., 1297 John В. St., 
Detroit, Mich. 


KESTER, HAROLD JACKSON, Service 
Dept., Westinghouse Electric & Mfg. 
Co.; res., 164 W. Huron St., Buffalo, 
N. Y. 


*KILBY, HUBERT ST. CLAIR, Engineer, 
Madison Co. Light & Power Co. St. 
Louis Electric Terminal Ry. Co., St. 
Louis Electric Bridge Co., St. Louis, 
Mo. 
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“Ківк, JOHN BARNES, Engineer, Ameri- 
can Telephone & Telegraph Co., 195 
Broadway, New York, N. Y.; res., 
E. Orange, N. J. 


*KRANZ, HERMANN ERNEST, Instructor 
in Electrical Engineering, University 
of Wisconsin; res., 122 М. Orchard 
St., Madison, Wis. 


*KRUG, FREDERICK, In charge of Elec- 
trical equipment, and student, New 
Mexico State School of Mines, 
Secorro, N. M. 


LANNING, JOHN G., Assistant Engineer, 
Ashcroft Mfg. Co.; res., 905 Lafayette 
St., Bridgeport, Conn. 

*LAUE, GILBERT Eric, Engineer, Cut- 
ler- Hammer Mfg. Co.; res., 10004 
16th St., Milwaukee, Wis. 


*LEaviTT, ARTHUR R., Electrical 
Draftsman, Carnegie Steel Co.; res., 
28 N. 2nd St., Duquesne, Pa. 

LININGER, CLARENCE R., Chicago Man- 
ager, Pittsburgh Transformer Co., 
724 Harris Trust Bldg.; гез., 649 
Arlington Place, Chicago, Ill. 

*LITTLE, CLAUDIUS B., Assistant to 
Chief Electrical Engineer, Franklin 
Railway Supply Со. New York, 
М. Y.; res, 1313 14th St. М. W., 
Washington, D. C. 

*MAILHOUSE, ROBERT JACOB, Stone & 
Webster Engineering Corp., Youngs- 
town, O.; res, 105 Elm St, New 
Haven, Conn. 

*Marcy, CHARLES GOODELL, Student 
Engineer, General Electric Co., 
Schenectady, М. Ү.; геѕ., Montesano, 
Wash. 

Marcum, THOMAS EDWARD, Operator, 
Anaconda Copper Mining Co.; res., 
272 13th St., Great Falls, Mont. 

«MARKHAM, ARTHUR J., Engineering 
Dept., American Telephone & Tele- 
graph Со., New York, М. Y.; res., 
186 Summit Ave., Summit, N. J. 

Marvin, Harry B, Testing Dept., 
General Electric Co.; res., 115 Nott 
Terrace, Schenectady, N. Y. 

*McLENNAN, JOHN CHARLES EARLE, 
Cadet Engineer, Philadelphia Elec- 
tric Co.; res., 3706 Locust St., Phila- 
delphia, Pa. 
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*McNABB, GEORGE CORBIN, Draughts- 
man and Electrical Engineer, Caulk 
Machine Co.; res., 515 City Line, 
Oak Lane, Philadelphia, Pa. 

*MILLER, SERENO GLASSELL, Head of 
Engineering Dept., New Bedford 
Textile School, 1191 Purchase St.; 
res., 490 Union St., New Bedford, 
Mass. 

*MITTENTHAL, NORMAN JEROME, Stu- 
dent Engineer, Testing Dept., Gen- 
eral Electric Co.; гез., 702 Campbell 
Ave., Schenectady, N. Y. 

*Moon, FLoyp L., Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 618 Kelly Ave., 
Wilkinsburg, Pa. 

MUEHLEMAN, HENRY JACOB, Operat- 
ing Dept., Hydro-Electric Power 
Commission; res., 93 Beatrice St., 
Toronto, Ont. 

«Ман, JOHN F., Power Transformer 
Test, General Electric Co.; гез., 19 
Myrtle St., Pittsfield, Mass. 

NIKIFOROFF, BASIL, Engineer, Central 
Station Dept., Russian General Elec- 
tric Co., Petrograd, Russia. 

*O'HAGAN, BERNARD EUGENE, Engi- 
neer, Power Estimating Dept., Union 
Switch & Signal Co., Swissvale; res., 
711 Berkshire Ave., Pittsburgh, Pa. 

*ORDONEZ, BENITO RENE, Research 
Fellow, Engineering Experiment Sta- 
tion, University of Illinois, 114 Trans- 
portation Bldg., Urbana, Ill. 

PAINTEN, ALAN Mowatt, Electrician in 
charge, Purity Distilling Co., East 
Cambridge; res., 115 W. Elm Ave., 
Wollaston, Mass. 

*PHELPS, HENRY EDISON, Assistant in 
Electrical Engineering, Purdue Uni- 
vers ty; res., 348 State St., West 
Lafayette, Ind. 


Ром.оск, JOHN DONALD, Engineer, 
Pacific Telephone & Telegraph Co., 
1103 Telephone Bldg., Portland, Ore. 


*POoLsTER, MILTON A., Chief Testman, 
Consolidated Gas, Electric Light & 
Power Co.; res., 2001 Boone St., Bal- 
timore, Md. 
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RANSOM, CARLETON AUSTIN, Student, 
Stevens Institute of Technology; 
res., 532 River St., Hoboken, М. J. 

*RASCH, GUSTAV ALEXANDER, Engi- 
neering Inspector, Chesapeake & Po- 
tomac Telephone Co., Baltimore; res., 
105St. John's Road, Roland Park, Md. 

RINGSTROM, IvAN G., Engineering As- 
sistant, Department of Public Utili- 
ties, City of St. Paul; гез., 1196 De 
Sota St., St. Paul, Minn. 

*RITTER, RALPH WILLIAM, Electric 
Storage Battery Co.; res., 2950 N. 
12th St., Philadelphia, Pa. 

Ковевт$, HENRY G., Electrician, Cana- 
dian Consolidated Mining Co., Trail, 
B. C. 

*ROGERS, CLAYTON TAYLOR, Salesman, 
Westinghouse Electric & Mfg. Co., 
Union Bldg.; res., 2 Hubbard Court, 
Charleston, W. Va. 

SCHLESINGER, IRVIN S., Electrical En- 
gineer, Pennsylvania Shipbuilding 
Co., Gloucester, N. J.; res., 41 S. 50th 
St., Philadelphia, Pa. | 

SCLATER, К. H., Insurance Electrical 
Inspector, South-Eastern Underwrit- 
ers Association; res., Majestic Hotel, 
Atlanta, Ga. 

SELDEN, GEORGE KEARSLEY, Engineer, 
Southern Bell Telephone & Telegraph 
Co., 573 S. Pryor St.; гез., 30 Inman 
Circle, Atlanta, Ga. 

*SEWELL, GEORGE LAWRENCE, Drafts- 
man, Signal Engineer's Office, Illinois 
Central Railroad Co.; res., 6425 Ken- 
wood Ave., Chicago, Ill. 


*SMALL, JOSEPH CHANDLER MORRIS, 
Inspector, Canadian Niagara Power 
Co., Niagara Falls, Ont.; res., 124 
Third St., Niagara Falls, N. Y. 


*SMITH, ERWIN G., Chief Electrician, 
Central Aguirre Co., Central Aguirre, 
Porto Rico. 


*SMITH, HAROLD LEONARD, Designing 
Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh; res., 104 
Colonial Apts. Wilkinsburg, Pa. 

*SMITH, WALTER HERBERT, Con rol 
Engineer, Railway Div., Westing- 
house Electric & Mfg. Co., East 
Pittsburgh, Pa. 
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SNYDER, EDWARD BEDELL, Sales Agent, 
Ohio Brass Co.; res., 283 Park Ave. 
West, Mansfield, O. 


*SODERSTROM, CARL A., Switchboard 
Installer, Mountain States Tel. & Tel. 
Co.;res., 380$. Pearl St., Denver, Colo. 


SPRAGUE, CLAUDE W., Operator, B. & 
M. Smelter; res., 1621 8th Ave. М., 
Great Falls, Mont. | 


*SPURGEON, JOSEPH HARRISON, Special 
Assistant to Supt. of Power Dept., 
E. I. du Pont de Nemours & Co., City 
Point, Va. 


*STACK, ALVAN Huey, District Super- 
intendent, Ohio Service Co., Denni- 
son, Ohio. 


STEGE, FRED H., JR., Assistant to Dis- 
trict Foreman, Public Service Elec- 
tric Co., East Rutherford; res., 20 
Waltbery Ave., Ridgewood, N. J. 


*STEVENS, HAROLD Walt, Engineer, 
Cutler-Hammer Mfg Co.; res., 137 
25th St., Milwaukee, Wis. 


*STREET, LockWwoop NORTHCOTT, As- 
sistant Purchasing Agent, Long Is- 
land Lighting Co ; res., 146 W. 80th 
St., New York, М. Y. 


*STRECKER, GEORGE М., Tester, West- 
inghouse Electric & Mfg. Co., East 
Pittsburgh; res., 417 Center St., 
Wilkinsburg, Pa. 


*SWEITZER, LEONARD EDWARD, Propo- 
sition Engineer, Transformer Dept., 
General Electric Co.; res., 189 First 
St., Pittsfield, Mass. 


TAYLOR, DONALD WILLIAM, Cadet 
Engineer, Public Service Electric Co., 
Newark, N. J.; res., 2051 Fifth Ave., 
New York, N. Y. 


THOMPSON, JAMES EDGAR, Automatic 
Telegraph Engineer, Western Union 
Telegraph Co.; res., 408 East Cary 
St., Richmond, Va. 


TRONE, SOLOMON, Representative of the 
-© Russian General Electric Co., Petro- 
grad, Russia. 


*"WELKER, JAMES ARTHUR, Electrician, 
West Penn Power Co., Butler; res., 
633 So. Center St., Grove City, Pa, 
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"WENTWORTH, HERBERT HIRAM, Rail- 
way Engineering, Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh; 
res., 512 Franklin Ave., Wilkinsburg, 
Pa. 


West, CARL ORRIN, Engineering Dept., 
Home Telephone and Telegraph Co.; 
res., 1009 E. 52nd St., Los Angeles, 
Cal. 

WHITING, Bruce INGALLS, 610 Forest 
Ave., Evanston, Ill. 

*WiLLIAMS, EDWARD EUGENE, Student 
Engineer, General Electric Co.; res., 
28 Mynderse St., Schenectady, N. Y. 

WorLrr, ADOLPH FRANK, Substation, Op- 
erator, Spokane and Inland Empire 
Railway Co.; res., 410 W. 3rd Ave., 
Spokane, Wash. 

WORDEN, MARSHALL W., Factory En- 
gineer, General Electric Co.; res., 
625 W. Wayne St., Fort Wayne, Ind. 

ZEHR, VRATISLAV ADOLPH, Draftsman, 
Switchboard Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 820 Wood St., 
Wilkinsburg, Pa. 

Total 119. 

*Former enrolled Students. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following can- 
didates for election to membership in 
the Institute. Unless otherwise indi- 
cated the applicant has applied for 
admission as an Associate. If the 
applicant has applied for direct admis- 
sion to a higher grade than Associate, 
the grade follows immediately after the 
name. Any member objecting to the 
election. of any of these candidates 
should so inform the Secretary before 
February 29, 1917. 

Alger, P. L., Cambridge Mass. 

Allcutt, C. T., E. Pittsburgh, Pa. 
Armstrong, А. А., Watertown, S. D. 
Asher, L., Preston, Idaho 

Atwood, F. R., Springfield, Ill. 

Bailey, R. S., Salt Lake City, Utah 
Batcheller, B. C. (Member), New York, 

N. Y. 
Baugh, C. E., San Francisco, Cal. 
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Beatty, L. B., Philadelphia, Pa. 

Beyer, W. W., Philadelphia, Pa. 

Biesgen, A., Milwaukee, Wis. 

Billingsley, C. H., Galena, Ill. 

Blackwood, W. C., Long Island City, 
N. Y. 

Bothwell, J. H., Youngstown, O. 

Brate, C. F., Pittsburgh, Pa. 

Brown, H. B., Edmonton, Alta. 

Brown, R. E., Philadelphia, Pa. 

Burggraf, K. H., Euclid, O. | 

Burnap, К. S. Cambridge, Mass. 

Calvert, H., Philadelphia, Pa. | 

Cann, J.O.G. (Member),Glace Bay,N.S. 

Cantlin, A. H. S., Allentown, Pa. 

Coe, E. H., Denver, Colo. 

Connell, B. R., Schenectady, N. Y. 

Costello, W. H., Milwaukee, Wis. 

Cox, J. W., Durham, N. C. 

Cozad, W. F., Denver, Colo. 

Cuerdon, T. J., Cohoes, N. Y. 

De Muth, Е. А., Chicago, Ш. 

Dougherty, J. J., Pittsburgh, Pa. 

Drew, W. W., Chicago, Ill. 

DuMond, J. W. M., Schenectady, N. Y. 

Du Vall, W. C., Philadelphia, Pa. 

Ensweiler, E. J., Milwaukee, Wis. 

Easley, C. B., Boston, Mass. 

Fernandes, J. M., Rio de Janeiro, Brazil. 

Finn, J. R. (Member), Milwaukee, Wis. 

Fleming, A. K., New Brunswick, N. J. 

Fleming, D. B., Toronto, Ont. 

Friede, H., Toledo, O. 

Ford, W. А., Rome, Ga. 

Foster, J. T., Newark, N. J. 

Foster, W., Philadelphia, Pa. 

Fourtellott, A., Erie, Pa. 

Fox, E. A., Charleston, S. C. 

Funk, R. J., Pittsburgh, Pa. 

Gaskell, S. A., Toronto, Ont. 

Gauss, W. F., Pittsburgh, Pa. 

Genor, А. C. Pittsburgh, Pa. 

Gibbony, А.Р. E. Pittsburgh, Ра. 

Girdlestone, C. F. New York, N. Y. 

Goldschmidt, A. L., Malta, Mont. 

Goldthwaite, G. E., New York, N. Y. 

Gomez, L. G., Denver, Colo. 

Gorman, E. R., Groton, Conn. 

Grah, M. E., Toledo, O. 

Harvey, J. W., Orono, Me. 

Heath, L. A., New York, N. Y. 

Heuer, R. H., Milwaukee, Wis. 

Holland, W. E., Dallas, Tex. 
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Holzberger, G. R., San Francisco, Cal. 
Howard, R. B., Philadelphia, Pa. 

Howe, W. M., Lynn, Mass. 

Huey, C., New York, N. Y. 

Jeffers, G. L., E. Pittsburgh, Pa. 
Jersey, C. C., Washington, D. C. 
Johnson, A. F., Salt Lake City, Utah 
Johnston, W. D., Pittsburgh, Pa. 
Joyner, A. H. W., Toronto, Ont. 
Kazda, C. B., Chicago, Ill. 

Keeler, Е. S., New York, М. Y. 

Kelley, C. A., Preston, Idaho 

Kerr, H. H., Warren, О. . 

Knipfer, F. C., Schenectady, N. Y. 
Kurtz, W. O., New York, N. Y. 
Lagerstrom, D. R., Schenectady, N. Y. 
Laros, R. K., Allentown, Pa. 
Larviviere, А., Quebec, Que. 

Lee, H. R., Springfield, Ill. 

Leech, R. W., E. Pittsburgh, Pa. 
Leibold, C. A., Reading, Pa. 

Lester, J. R., Ensley, Ala. 

Lockyer, R. H. N., Trail, B. C. 

Logan, R. S., Montreal, Que. 

Lowell, H. G. (Member), Boston, Mass 
Lupinski, H. H., New York, N. Y. 
Lyndon, L. (Fellow), New York, N. Y. 
Madden, M. F., Grand Canyon, Ariz. 
Mann, A. W. (Member), Mattoon, Ill. 
Marr, С. M., Brooklyn, N. Y. 
Mathews, F. P., Dryden, Ont. 
Maxwell, G. S., Schenectady, N. Y. 
McKee, G. S., Wellsburg, W. Va. 
Menon, K. C. (Member), Delhi, India 
Meyer, W. E., (Member), Newark, N. J 
Mickler, C. F., Atlanta, Ga. 

Millar, E. A., Jr., New York, N. Y. 
Miller, W. H., Erie, Pa. 

Moore, E. E., Toronto, Ont. 

Moyer, M. S., Chicago, Ill. 
Munninghoff, A., Milwaukee, Wis. 
Nabeshima, U., Brookline, Mass. 
Nakagawa, T., Kyoto, Japan 
Neely,F.L. (Member), Wilmington, Del. 
Oberschmidt, F. H., Milwaukee, Wis. 
Orwig, C. E., Pittsburgh, Pa. 

Owen, F. B., Ft. Wayne, Ind. 

Owen, W. B., Jr., Wilkes Barre, Pa. 
Panton, H. D., Raliegh, N. C. 

Payton, M. J., Ft. Wayne, Ind. 

Pierce, T. B., Bluefield, W. Va. 

Plass, C. W., Philadelphia, Pa. 

Potter, F. R., St. Louis, Mo. 


[Feb. 


Publow, C. F., Toronto, Ont. 
Ralston, F. C., Ogontz, Pa. 
Raynor, K. M., S. Bethlehem, Pa. 
Rees, L. du B., E. Pittsburgh, Pa. 
Riley,L.G.(Member), E. Pittsburgh, Pa. 
Robertson, А. S., Toronto, Ont. ` 
Ross, J. H., Freeport, Tex. 
Russell, E. G., Chicago, Ill. 
Russell, F. J., Milwaukee, Wis. 
Russell, W., New York, N. Y. 
Rust, E. P., Philadelphia, Pa. 
Samuelson, J. A., Russell, Kans. 
Sanford, J. H., Philadelphia, Pa. 
Schneider, F. W., New York, N. Y. 
Schwarze, F., Milwaukee, Wis. 
Scutari, C., New York, N. Y. 
Seabrook, W. C., Philadelphia, Pa. 
Seibert, W. J., Erie, Pa. 
Shakin, V., New York, N. Y. 
Shute, E. R. (Member), NewYork,N.Y. 
Smoot, W. S., Cleveland, O. 
Snider, G. E., Toledo, O. . 
Stearn, Е. A., New York, М.Ү. 
Stephenson, G. B., Milwaukee, Wis. 
Stewart, F. J. T. (Member), New York, 
N. Y. 
Stewart, H. C., Pittsfield, Mass. 
Stoddart, H. G., Newark, М. ]. 
Stoetzel, D., Jr., Schenectady, N. Y. 
Story, E. C., Boston, Mass. 
Swan, S. B. (Member), Providence, R. I 
Swartz, C. A., Pittsburgh, Pa. 
Taussig, W. A., St. Louis, Mo. 
Tetelman, L. L., New York, N. Y. 
Thayer, C. S., Massena, М. Y. 
Thompson, C. M., Jr., Philadelphia, Pa. 
Thompson, G. G. (Member), Milwaukee, 
Wis. 
Thompson, H. L., New York, N. Y. 
Thorn, C. S., Philadelphia, Pa. 
Thornburg, C. A., Kingsport, Tenn. 
Tonge, J. L., Providence, R. I. 
Townsend, C. P., Atlanta, Ga. 
Townsend, F. P., Milwaukee, Wis. 
Trueblood, H. M., Philadelphia, Pa. 
Vautrot, L. R., Milwaukee, Wis. 
Wade, H. N., Milwaukee, Wis. 
Webber, L. H., Harrison, N. J. 
Webster, J. C., Cleveland, O. 
Welsh, R. W., Philadelphia, Pa. 
Whitbeck, W. L., Denver, Colo. 
Wightman, J. W., Cincinnati, O. 
Williams, S. S., Roanoke, Va. 
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Wood, R. A., E. Pittsburgh, Pa. 
Wood, W. M., Philadelphia, Pa. 
Yokura, M., New York, М. Y. 
Zmmerman, A. W., Ft. Wayne, Ind. 
Zmmerman, W. ]., Philadelphia, Pa. 
Zoller, M. L., Sacramento, Cal. 
Zornig, H. H., Watertown, Mass. 
Total 171 


STUDENTS ENROLLED JANUARY 
12, 1917 
5581 Bostwick, С. L., Univ. of Wis. 
$582 Paret, H. W., Jr., Yale Univ. 
8583 Juliber, M., Brooklyn Poly. Inst. 
$534 Anderson, M. D., Univ. of Mich. 
5585 Austin, E. R., Univ. of Mich. 
8556 Bartelme, E. A., Univ. of Mich. 
5587 Cosgrove, M. G., Univ. of Mich. 
8588 Cowing, С. R., Univ of Mich. 
5559 Cutting, M. B., Univ of Mich. 
5590 Fishleigh, C. T., Univ. of Mich. 
$591 Hill, C., Univ. of Mich. 
5592 Kennedy, L. W., Univ. of Mich. 
5593 Kishlar, L. M., Univ. of Mich. 
5594 Lueck, H. E., Univ. of Mich. 
8395 Milburn, L. R., Univ. of Mich. 
5596 Newbold, А. T., Univ of Mich. 
5597 Norman, E. E., Univ. of Mich. 
5598 Osborn, B. K., Univ. of Mich. 
5599 Roosenraad, A. C., Univ. of Mich 
5600 Rowan, W. H., Univ. of Mich. 
8601 Warner, W. W., Univ. of Mich. 
5602 Zwickey, C. E., Univ. of Mich. 
5603 Margenau, M. L., Univ. of Wis. 
5604 Puente, M. de J., Syracuse Univ. 
5605 Nash, L. B., Univ. of Wis. 
5606 Richardson, H. R., Univ. of Ill. 
5607 Evans, D. G., Univ. of Ill. 
5608 Huber, A. J., Univ. of Ill. 
8009 Short, P. B., Univ. of Colo. 
5610 Young, B. U., Univ. of Colo. 
5611 Ekrem, T. C., Univ. of Colo. 
5612 Smith, H. M. R., Univ. of Colo. 
5613 Eastman, H. L., Univ. of Colo. 
5614 Leroy, V. E., Univ. of Colo. 
5615 Coit, М. H., Univ. of Colo. 
$616 Hinkle, A. E., Univ. of Colo. 
5617 Clymer, C. С., Univ. of Colo. 
5618 Gittings, W. N., Univ. of Colo. 
24619 Auslebrook, W. J., Univ. of Colo. 
5620 Merritt, В. W., Univ. of Colo. 
3621 McCrum, D. S., Univ. of Colo. 


8622 
8623 
8624 
8625 
8626 
8627 
8628 
8629 
8630 
8631 
8632 
8633 
8634 
8635 
8636 
8637 
8638 
8639 
8640 
8641 


8642 
8643 
8644 
8645 
8646 
8647 
8648 
8649 
8650 


_ 8651 


8652 
8653 
8654 
8655 
8656 
8657 
8658 
8659 
8660 
8661 
8662 
8663 
8664 
8665 
8666 


8667 


8668 
8669 


8670 


Tashima, Y., Univ. of Colo. 
Schloss, C. M., Univ. of Colo. 
Hardenbrook, M.E., Univ. of Colo. 
Kelly, J. R., Mass. Inst. Tech. 
Chase, L. H., Yale Univ. 

Curtis, E. M., W. Va. Univ. 
Martin, B. H., Univ. of Wis. 
Lathrop, W. F., Ore. Agri. Coll. 
Kitzman, W. L., Univ. of Wis. 
Waite, H. E., Stanford Univ. 
Rohrback, D. W., Stanford Univ. 
Wilson, G. W., Stanford Univ. 
Royden, G. T., Stanford Univ. 
Miller, F. R., Stanford Univ. 
Likely, R. D., Stanford Univ. 
Hampton, F. G., Stanford Univ. 
Norton J. E., Wentworth Inst. 
Irwin, F. H., Univ. of Minn. 
Dressler, А., М. Y. Elec. Sch. 
Lim, F. Y., Kans. State Agri. 
Coll. 

Ham, Е. М., Lehigh Univ. 
Davie, R., Brooklyn Poly. Inst. 
Kehrn, G. C., Lehigh Univ. 
McDowell, H. E., Lehigh Univ. 
Einstein, R., Carnegie Inst. Tech. 
Wagner, E. G., Univ. of Missouri 
Harburg, R. C., Univ. of Wis. 
Woolhy, F. H., Univ. of Colo. 
Hoffman, R. A., Univ. of Colo. 
Reed, S., Univ. of Colo. 
Shimeall, H. R., Univ. of Colo. 
Page, H. A., Univ. of Colo. 
Milroy, J., Univ. of Colo. 

Wynn, H. A., Univ. of Colo. 
Aslanides, D. J., Univ. of Mich. 
Brunson, L. W., Univ. of Mich. 
Collins, W. H., Univ. of Mich. 
Klein, J., Univ. of Mich. 
Koonsman, H. D., Univ. of Mich. 
Loucks, F., Univ. of Mich. 
Rowe, А. O., Univ. of Mich. 
West, D. C., Univ. of Mich. 
Green, L., Univ. of Manitoba 
Foster, M. E., Norwich Univ. 
Rosenberg, L. H., Armour Inst. 
of Tech. 

Benjamin, А. 5., Armour Inst. of 
Tech. 

Gray, H. E., Univ. of Wash. 
Appuhn, W. E. F., Brooklyn 
Poly. Inst. 

Dowd, D. E., Highland Park Coll. 
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8671 Dickey, R.F., Highland Park Coll. 
8672 Parsons,F.W.,OhioNorthern Univ. 
8673 Compton, В. O., Cornell Univ. 
8674 Hegel, G. W., Univ. of Mich. 
8675 Mason, C. W., Bucknell Univ. 
8676 Wilder, W. S., Univ. of Wis. 
8677 McKensie, D.H.,Penna.StateColl. 
8678 Vogdes, F. B., Armour Inst. Tech. 
8679 Lombardo, R. P., Lewis Inst. 
8680 Walker, R. M., Univ. of Mo. 
8681 Blank, A. C., Case Sch. App. Sci. 
8682 Rowand, A. M., Ohio Nor. Univ. 
8683 Boyum, I. L., Univ. of Minn. 
8684 Storz, J. F., Ga. Sch. Tech. 

8685 Smith, W. W., Mass. Inst. Tech. 
8686 Zaun, J., 3rd, Univ. of Penna. 
8687 Gerken, Н. A., М. Y. Elec. Sch. 
Total 107 


PERSONAL 

Mr. A. W. К. BiLLINGS formerly 
managing director and vice-president of 
the Ebro Irrigation and Power Company, 
Ltd., Barcelona, Spain, has opened an 
office as consulting engineer at 115 
Broadway, New York. Previous to his 
work in Spain Mr. Billings spent two 
years in Pittsburgh and ten years in 


[Feb. 


Cuba on electric railway and power 
plant construction and for two years 
was engineering manager of J. G. White 
& Co., Inc. 


Mr. W. A. HOLLAND, JR., after 
eleven years with the General Electric 
Co. at Schenectady, principally in the 
Switchboard Engineering Dept., has 
resigned to take up the teaching of 
electrical engineering in Mackenzie Col- 
lege, Sao Paulo, Brazil, 


Mr. W. E. SKINNER, consulting 
engineer, of 415 Plymouth Bldg., 
Minneapolis, Minn., on account of 


increased business has been compelled 
to move into larger quarters in the 
same building. 


Mr. HALBERT Р. Нил, is a member of 
the newly incorporated firm of Ophuls, 
Hill & McCreery, consulting engineers, 
112 West 42nd St., New York. This 
new firm will specialize on mechanical 
and electrical engineering, ice and re- 
frigeration, and the design and construc- 
tion of special electrical apparatus. 
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EMPLOYMENT BULLETIN 
Vacancies.—The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN. 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 
not later than the 20th of the month if publication in the following issue is de- 
sired. АП replies shoGld be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES. 


V-199. Wanted: Two,electrical drafts- 
men, experienced in substation and 
generating station switchboard work. 
Permanent positions; salary $25. Loca- 
tion, Brooklyn, N. Y 


V-201. Consulting Engineer with im- 
portant practice can offer an unusually 
good opportunity to one or two young 
men, recently graduated from first- 
class engineering school. Good per- 
sonality and correct use of English are 


as essential as technical training. 
Moderate salary, with increase as 
earned. Complete record of training 


in applicant's handwriting, requested in 


first communication. Location, Cin- 
cinnati. 
V-202. "Wanted: Engineer to act as 


Chief Engineer in large central station 
power house in an Atlantic Seaboard 
city. Must be qualified to take charge 
of 80,000 kw. plant and experienced 
іп handling Curtis turbines, jet and 
surface condensers, and Taylor stokers. 
Applicant must have experience in large 
central station plants. State аре, 
experience and salary expected. If 
employed, give name of company and 
reason for changing. АП replies strictly 
confidential. 


. V-203. Appraisal Engineers and As- 

sistants. Permanent positions in en- 
gineering organization of public utility 
holding company for several engineers 
experienced in this character of work. 
Give particulars as to general qualifica- 
tions, particularly undertakings with 
which previously associated, nature of 
positions held, and salaries expected. 
Work will start as soon as a force can be 
organized. 


_ V-204. Several positions in engineer- 
ing organization of New York public 
utility holding company, for engineers 
experienced in design of steam and hy- 
droelectric stations, and transmission 


and distribution systems. Replies 
Should give particulars of training and 
experience, and salaries expected. 


V-205. Chief Draftsman or Assistant 
Engineer to handle primarily steam 
piping, $175 per mo; also two drafts- 
men for mechanical work of same 
nature, $120-$130 per mo. 


MEN AVAILABLE. 

640. Electrical Engineer, technical 
graduate, age 38, married; sixteen years' 
domestic and foreign experience in 
engineering, construction and operation 
of railway, lighting and power stations. 
Overhead and underground distribu- 
tion systems. Familiar with specifica- 
tions, contracts, estimates and reports, 
etc. Available after February 1. 


647. Sales Engineer, technical grad- 
uate, E. E. and M. E., six years' shop 
and test experience, two years' execu- 
tive and sales experience. Сап get 
results either by direct selling or cor- 
respondence. Certified figures shown 
relative to effectiveness in present con- 
nection. Married; prefers to remain in 
Detroit, but will consider good resident 
proposition any where. 


648. Ambitious young man of proven 
executive, business and engineering 
ability, wishes to enter larger central 
station or related field. Graduate of 
combination electrical engineering and 
business administration course of well- 
known Eastern university. Would 
make excellent executive in a progres- 
sive concern with a promising future to 
offer. 


649. Development Engineer, techni- 
cal man, B. S. and E. E., age 29, desires 
connection with manufacturer of elec- 
trical products or capital for same, 
desiring the development of new lines 
of manufacture. Especially familiar 
with magnetos and the patent situation 
of that field. Possesses practical 
ability and sufficient scientific inclina- 
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tion to be original and thorough in solu- 
tion of problems. 


650. Railroad power or central sta- 
tion work; technical graduate (Cornell), 
with six years' experience in power 
department of electrified steam road; 
inspection, testing, operation of power 
plants and substations. Also service 
plant supplying steam and hot water 
heat, electric power, compressed air, 
refrigeration to hotels, office buildings; 
cost and rate work. 


651. Load Dispatcher, technical 
graduate; five years' mechanical ex- 
perience. Open for engagement on 
short notice. Has been with present 
employers about three years. Will 
consider position as load dispatcher or 
maintenance engineer. Salary $1500. 


652. Mem. A.I. E. E., with twenty 
years' experience in design, construc- 
tion and operation of steam and hydro- 
electric plants, underground and over- 
head distribution; high tension trans- 
mission systems; desires position where 
experience and executive ability can be 
demonstrated. 


653. Electrical Engineer, technical 
graduate, age 30, married, wishes 
responsible position as manager or 
assistant manager new business depart- 
ment light and power company. Eight 
years' experience general electric test 
and sales dept., steam-electric power 


plant construction, operation, rates, 
industrial power engineering. Ет- 
ployed but wishes larger field. Mini- 


mum salary $1800. 


654. . Electrical Engineer, technical 
education, several years' varied elec- 
trical engineering experience. Familiar 
with design, manufacture and applica- 
tion of a-c. and d-c. power machinery 
to industrial work. Able to combine 
engineering theory with broad practical 
experience and sound common sense 
to successful solution of electrical 
engineering problems. Age 32; married. 


655. Graduate Electrical Engineer, 
age 36, sixteen years' experience in 
central station testing, operation, con- 
struction and distribution; eight years 
in responsible executive direction. De- 
sire position requiring my combination 
of experience. Am married, a teetotaler, 
and am now employed. 


656. Electrical Engineer, age 36, 
married. "Technical graduate; complet- 
ed apprenticeship course W. E. & M. 
Co.; Sales Dept. Allis-Chalmers-Bullock 
Co.: Electrical Inspector in charge, for 
Fire Underwriters in Western state, 
nine years. Special correspondent for 
Western electrical publication. Desires 


on Sswitchboards, 
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to make change to another engineering 
position, sales work, or would consider 
sales agency for Pacific Coast. 


657. Young married man, technically 
educated, seven and half years’ ехрегі- 
ence in meter and instrument work; 
testing; trouble, and complaint work 
control apparatus, 
motors, generators; and appraisal. De- 
sires position as superintendent meter 
and testing dept., distribution, or 
stations and substations, or chief elec- 
trician. 

658. Electrical Engineer, with fifteen 
years’ experience in manufacture, test- 
ing and installation of electrical machin- 
ery; steam turbines and engines; sub 
and main station electrical design; 
desires position in charge of design or 
construction of stations for a central 
station company, or as electrical en- 
gineer for a large industrial concern. 
Possesses initiative and resourcefulness. 


659. Electrical Engineer, technical 
graduate, desires change. Seven years’ 
experience in telephone engineering and 
in manufacture and testing of power 
apparatus. Experienced in handling 
men. Age 30, married. 

660. Assistant Electrical Engineer, 
32, familiar with material inspections, 
supplies, parts, nomenclature, classifica- 
tion and management of stores. Fifteen 
field construction and office 
experience, domestic and foreign. 

661. Technical Graduate, seven 
years’ experience in electric railway and 


power station, design, testing and 
operation. One year apprentice with 
G. E. Co. At present employed but 


desires position with greater opportun- 
ity for advancement. 


662. Graduate Electrical Engineer, 
age 36, who has advanced from fireman 
and engineer to the position of general 
superintendent of a company with a 
gross revenue of $2,000,000, desires an 
executive operating position with a 
large holding company. 

663. Electrical engineering graduate, 
(1916) desires position with consulting 
engineering firm, offering good prospects 
for the future, and opportunity for 
research or construction. Location in 
the south or west preferred. At present 
employed on General Electric test. 


664. Technical Graduate. Thirteen 
years’ experience in design, construction 
and operation of power stations, sub- 
stations, transmission and distribution 
systems for railway and power systems. 
Estimating, specifications, cost data, 
drafting, concrete, steel and general 
engineering office work. Desires to 
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connect permanently with railway, 
lighting or manufacturing company as 
engineer on construction or operation. 


665. Electrical Engineer, ten years' 
experience in electric power generation, 
distribution, design, construction and 
operation. Specialized on high and 
low tension a-c. work, including railroad 
electrification. Proven ability handling 
men. College graduate. Now em- 
ployed in responsible operating position. 
Desires change with better outlook. 
Correspondence solicited. 


666. Electrical Engineer, desires po- 
sition as assistant, resident or designing 
engineer. College graduate, eight years 
electrical manufacturing companies; five 
years' constructing and operating. Par- 
ticularly qualified as designing or assist- 
ant electrical engineer power stations, 
transmission, industrial control, elec- 
trical rolling mills, specifications and 
technical correspondence. English, 
6'——0"', 150 pounds, total abstainer. 


667. Electrical Engineer, age 34, 
with technical training and employed 
at present, desires to change his posi- 
tion. Experience—ten years in con- 
struction work; four years in motor 
designing dept. of large manufacturing 
company.  Thoroughly familar with 
design of multi-speed polyphase motors. 


668. Technical Graduate, age 26, 
with five years' electrical experience in 
operating depts., both East and West, 
desires а position with a power com- 
рапу. 

669. Electrical Engineer, several 
vears with largest electrical manufac- 
turers here and abroad, experience in 
testing, drafting, design mill and mine 
equipments, railway work and export 
sales, seeks engagement where hard 
work and ability secures rapid advance. 
Specialty advanced physics. Four 
languages. Prefers position with con- 
sulting engineer as assistant. 


670. Electrician, fifteen years’ ex- 
perience in operation and repair of 
electncal machinery. Experienced in 
telephone work and all kinds of wiring. 
Past seven years as chief electrician in 
large industrial plant. Married; strictly 
temperate. Correspondence solicited. 


671. If you want a good trust- 
worthy man who can give you the best 
results in charge of construction work, 
or as Assistant Electrical Engineer, 
would be pleased to send an outline of 
ту past experience. Will consider 
temporary employment; salary reason- 
able. 


672. Electrical Engineer, age 29, 
broad technical and business training, 
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executive ability, two years in charge 
of design and manufacture of small 
electrical apparatus; desires an opening 
in a manufacturing company with an 
opportunity of acquiring an interest in 
the firm. 

673. Electrical Engineer, age 35, 
graduate from well-known Eastern 
technical institute, long experience in 
testing and general commercial engi- 
neering work; specialized on electrical 
equipment for hoists and rolling mills, 
just returned from four years' experi- 
ence abroad, available immediately. 
Commencing salary a secondary con- 
sideration where there is a real oppor- 
tunity for advancement. 


674. Graduate Electrical Engineer, 
with ten years' experience in operating, 
construction and commercial work, 
with large central station companies, 
desires position of manager or superin- 
tendent of electric property in town of 
10,000 or over. Am 33 and married. 
At present employed. Will consider 
anything in the States or Alaska. 

675. Graduate Electrical Engineer, 
ten years' practical experience in design 
and manufacture of a-c. and d-c. 


motors. Experience in the application 
of motors to crane service. Interview 
solicited. 


676. Graduate Electrical Engineer, 
(1908). Eight years' experience. Can 
competently handle installation and 
operation of hydroelectric plants; a-c. 
and d-c. motors, generators and switch- 
boards. At present employed; desires 
position in Western state, as superin- 
tendent of construction or operation. 
Will make my own opportunity for 
advancement. 


677. Industrial Plant Engineer. 
Technical graduate with ten years’ 
experience on motors, lighting, testing 
equipments, electric welding, plating, 
switchboards and power stations. Spec- 
ialized on switchboard design five years. 
Desires position of responsibility with 
industrial plant or public service com- 
pany. 

678. Practical Construction or main- 
tenance electrical engineer with busi- 
ness training Alexander Hamilton In- 
stitute; age 35; desires responsible posi- 
tion on operating or managing staff 
in hydroelectric, steel or carbide indus- 
try. 


679. Electrical Engineer, age 35, of 
thirteen years’ broad business and 
engineering experience on small and 
moderate size motors and generators 
and control apparatus, on design, 
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manufacture and application. Mem. 


A. I. E. E. Salary $3500. 


680. Public Utilities or Electrical 
Contracting. Electrical engineer ex- 
perienced in illumination, industrial and 
residential, light and power installa- 
tions and estimating, power applica- 
tions, maintenance work, salesmanship, 
for past fifteen years, desires position 
where executive ability and efficient 
methods are required. Los Angeles 
district and Portland, (Ore) district 
only considered. 


ACCESSIONS TO LIBRARY. 


This list includes books which have been pre- 
sented to the library of the A. I. E. E. and the 
U. E. S. during the past month, not including 
periodicals and other exchanges. 

Electrical Insulating Properties of Transformer 
Oil. By T. Hirobe, W. Ogawa and S. Kubo. 
(Abstract of Report No. 25, of the 3d Sec- 
tion). Tokyo, 1916. (Gift of Electro- 
technical Laboratory Imperial Department 
of Communication.) 

New York Electric Railway Association. Annual 
Report, 34th, 1916.  Schenectady, 1916. 
(Gift of Association.) 

UNITED ENGINEERING SOCIETY 

American Railway Association. Car Shortage 
Statistics. New York, 1916. (Gift of 
Asssociation.) 

Gold Mining in Korea. By Edwin W. Mills. 
(Royal Asiatic Society Trans. Vol. VII, 
pt. І.) v.p. 1916. (Gift of Edwin W. Mills.) 

Handbook of Westinghouse Watthour Meters. 
(Publication No. 5150.) (Gift of Westing- 
house Electric & Manufacturing Co.) 

International Engineering Congress. Transac- 
tions vols. 1-11 and Index. San Francisco, 
1915. (Gift of International Engineering 
Congress.) 

New York State Museum. Report of the Direc- 
tor, 1915. Albany, 1916. (Gift of Univer- 
sity of the State of New York.) 

Numerical Classification of Photography. Roches- 
ter, 1916. (Gift of Eastman Kodak Com- 
pany.) 

Pittsfield (Mass.) Ordinance Amending Building 
Ordinance. (Gift of City Clerk.) 

Some Properties of Vibrating Telephone Dia- 
phragms. By A. E. Kennelly and H. O. 
Taylor. (Reprinted from Proceedings of 
American Philosophical Society, vol. IV, 
1916.) (Gift of Massachusetts Institute of 
Technology, Electrical Engineering Depart- 
ment, Bulletin No. 11, April 1916.) 

What is Preparedness? By H. L. Gantt. 
print from Engineering Magazine, Sept. 
1916.) (Gift of Frederick W. Taylor Co- 
Operators.) 

(Girt oF CLEMENS HERSCHEL.) 

Atlanta, Birmingham and Atlantic Railroad 
Company. Valuation of the property of. 
Before the Interstate CommerceCommission. 

Federal Valuation of the Railroads in the United 
States. Circular communication to Chair- 
men of Valuation Committees. Dec. 15, 1916. 
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Federal Valuation of the Railroads in the United 
States. Statement prepared by Thomas W. 
Hulme, of the developments in connection 
with Federal valuation as of December 30, 
1916. 

Kansas City Southern Railway Company. Ten- 

tative Valuation by Interstate Commerce 

Commission, Nov. 20, 1916. 

Report of the cost of reproduction new and 


cost of reproduction less depreciation. 
Engineering. 
——Summary and explanatory text of the land 
report. 


New Orleans, Texas and Mexico Railroad Com- 
pany. Tentative Valuation by Interstate 
Commerce Commission, Nov. 21, 1916. 

Texas Midland Railroad Company. Valuation of 
the property of. Before the Interstate Com- 
merce Commission. 


(Girt or Е. R. HUTTON.) 

Boiler Code of the American Society of Mechani- 
cal Engineers. By S. F. Jeter. (Address 
before the National Association of Cotton 
Manufacturers, Арг. 26, 1916.) 

Boiler Safety Orders. Issued by the Industrial 
Accident Commission of the State of Cali- 
fornia. Effective Jan. 1, 1917. California, 
1916. 

Legislation to Govern Construction of Boilers. 
(Editorial from Dallas News, June 22, 1916.) 

Ohio Boiler Inspection Law, 1916. 


Ohio Boiler Inspectors' Convention. Report of 
the Proceedings, 1916. 
Plea for Uniform Boiler Specifications. By T. E. 


Durban. (Paper read before the American 
Boiler Manufacturers’ Association, Sept. 
1913.) 

Proposed Uniform Boiler Code. (Louisiana 
Planter.) 

Uniform Boiler Laws. By T. E. Durban. (Ad- 


dress before the Texas Cotton Seed Crushers 
Association, May 29, 1916.) 

Uniform Specifications for Boilers. By T. E. 
Durban. (Address before 2d Pennsylvania 
Industrial Welfare and Efficiency Conference 
Nov. 19, 1914.) 


(Girt oF ALBERT F. GANz.) 

Effect of Electrolysis on Engineering Structures. 
(Paper read at meeting International En- 
gineering Congress, 1915.) 

Electrolytic Corrosion of Iron by Direct Current 

іп Street Soil. (Paper presented at 29th 
Annual Convention, Amer. Inst. Electrical 
Engrs., June 25, 1912.) 

Electrolysis from Stray Electric Currents. (Be- 
fore Amer. Water Works Association, June 
6, 1912) and New England Association of 
Gas Engineers, Feb. 19, 1913.) 

Report. Investigation for Stray Electric Cur- 
rents in the City of Winnipeg and in Adjoin- 
ing Municipalities to H. A. Robson. 1915. 

Report on Electrolysis Conditions in Springfield, 
Ohio. 1914. 

Report on Insulated Return Feeder System for 
Mitigating Electrolysis, installed by the 
United Railways Company of St. Louis, Mo., 
in the Ann Ave. Substation District. May, 
1914. 


— a 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 


(Term expires July 31, 1917) 
H. W. BUCK 
JUNIOR PAST-PRESIDENTS. | 
(Term expires July 31, 1917) (Term expires July 31, 1918) 
PAUL M. LINCOLN JOHN J. CARTY 


VICE-PRESIDENTS. 


(Term expires July 31, 1917) (Term expires July 31, 1918) 

C. A. ADAMS B. A. BEHREND 

J. FRANKLIN STEVENS : Р. JUNKERSFELD 

WILLIAM McCLELLAN L. T. ROBINSON 

MANAGERS. 

(Term expires July 31, 1917) (Term expires July 31, 1918) 

FREDERICK BEDELL Е. В. JEWETT 

BANCROFT GHERARDI | JOHN B. TAYLOR 

A. S. McALLISTER HAROLD PENDER 

JOHN H. FINNEY 

(Term expires July 31, 1919) (Term expires July 31, 1920) 

C. E. SKINNER CHARLES S. RUFFNER 

JOHN B. FISKEN CHARLES ROBBINS 

N. A. CARLE 

TREASURER (Term expires July 31, 1917) SECRETARY. 

GEORGE A. HAMILTON F. L. HUTCHINSON 

HONORARY SECRETARY. LIBRARIAN. 

RALPH W. POPE W. P. CUTTER 


GENERAL COUNSEL. 
PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.—1884-1916. 


*NORVIN GREEN, 1884-5-6. CHARLES F. SCOTT, 1902-3. 
*PRANKLIN L. POPE, 1886-7. BION J. ARNOLD, 1903-4 

T. COMMERFORD MARTIN, 1887.8. JOHN W. LIEB, 1904-5 
EDWARD WESTON, 1888-9. SCHUYLER SKAATS WHEELER, 1905-6 
ELIHU THOMPSON, 1889-90 SAMUEL SHELDON, 1906-7. 
*'WILLIAM A. ANTHONY, 1890-91. *HENRY G. STOTT, 1907-8 
ALEXANDER GRAHAM BELL, 1891-92 LOUIS A. FERGUSON. 1908-09. 
PRANK JULIAN SPRAGUE, 1892.3. LEWIS B. STILLWELL, 1909-10. 
*BDWIN J. HOUSTON, 1893-4-5. DUGALD C. JACKSON, 1919-11. 
‘LOUIS DUNCAN, 1895-6-7. GANO DUNN, 1911-12. 
PRANCIS BACON CROCKER, 1897-8. RALPH D. MERSHON, 1912-13. 
АЕ KENNELLY, 1898-1900. C. O. MAILLOUX, 1913-14. 

CARL HERING, 1900-1. PAUL M. LINCOLN, 1914-15. 
CHARLES P. STEINMETZ, 1901-02 JOHN J. CARTY, 1915-16. 
*Deceased. 
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INSTITUTE COMMITTEES. 


Revised to February 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
H. W. Buck, Chairman, 
40 Wall Street, New York. 
М. А. Carle, George А. Hamilton, 
john H. Finney, William McClellan, 
ancroft Ghenardi, J. Franklin Stevens. 
FINANCE COMMITTEE.. 
J. Franklin Stevens, Chairman, 
1326 Chestnut Street, Philadelphia, Pa. 
N. A. Carle, Bancroft Gherardi. 


MEETINGS AND PAPERS COMMITTEE. 


L. T..Robinson, Chairman, 
General Electric Company, Schenectady, N.Y. 


L. W.Chubb, Secretary, W. E. and M. Co. East 
Pittsburgh, Pa. 
Frederick Bedell, F. W. Peek, Jr. 
Philander Betts, F. L. Rhodes, 
. G. De Remer, D. W. Roper, 
. А. Hornor, Harris а . Ryan, 
Edward P. Hyde, T. H. Schoepf 
2) E. Imlay, Charles P. Steinmetz, 
E. H. Martindale, N. W. Storer, 
Wilfred Sykes. 
EDITING COMMITTEE. 
W. I. Slichter, Chairman, 
Columbia University, New York. 
. Robinson, 


Frederick Bedell, 
M. G. Lloyd, C. E. Skinner. 


CODE COMMITTEE. 


. C. с . R. Sargent, 
ын Gear, С. А. Sawin, 
H. Griswold, A. M. Schoen, 


H. 0. Lacount, George F. Sever, 
[роп Livingston, С. E. Skinner, 
enry N. Muller H. S. Warren. 


BOARD OF EXAMINERS. 


А. S. McAllister, Chairman, 
Engineers' Club, 32 West 40th Street, 


New York. 
E. B. Katte, W. I. Slichter, 
В. L. Rhodes, Philip Torchio. 
SECTIONS COMMITTEE. 
W. А. Hall, Chairman, 
General Electric CP SE Lynn, Mass. 


. G. De Remer, choen, 
aul M. Lincoln, J. H. Tracy, | 
and the chairmen of all Institute Sections, 
ex-officio. 


MEMBERSHIP COMMITTEE. 
Harold Goodwin, Jr., Chairman, 
1000 Chestnut Street, Philadelphia, Pa. 
G. M. Baker 'W. G. Chace, 
S. H. Blake, H. W. Flashman, 
E. H. Martindale. . 
and the chairmen of the Membership Committees 
of all Sections. 
PUBLIC POLICY COMMITTEE. 
Calves Townley, Chairman, 
165 Broadway, New Nets 


E. A. Carolan, M. Hunt, 

Тент J. Саму, William McClellan, 
redk. Darlington, H. H. Porter, 
Gano Dunn, С. 5. Ruffner, 
John B. Fisken, ° A. M. Schoen, 


L. B. Stillwell, 
COMMITTEE ON DEVELOPMENT OF 


WATER POWER. 
John H. Finney, Chairman, 
509 оо Bank Building, Washing- 


Е. О. Blackwell Nicholas S. Hill. Jr., 
Francis Blossom, E. A. Lof, 

Gano Dunn, W. V. N. Powelson, 
L. B. Stillwell, 


STANDARDS COMMITTEE. 
C. А. Adams, Chairman, 
Harvard University, Cambridge, Mass. 
Harold Pender, Secretary, 
University of Pennsylvania, Philadelphia, Ра. 


P. G. Agnew, H Hobart, 
Frederick Bedell, H. D. James. 
Joseph Bijur, P. Im ersfeld, 
L ume, А. Kennelly, 
James Burke, G. L. Knight, 

G. A. Burnham, A. S. McAllister, 
М. А. Carle, УГ. М. МсСопаһеу. 
Е. J. Cheney, W. L. Merrill, 
H .H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 
W. А. Del Mar, C. E. Skinner, 
E. J. Edwards, А. J. Slade. 

H. W. Fisher, N. W. Storer, 


. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, 
Harvard University, НЫ Mass. 


C. А. Adams, Pupin, 

B. А. Behrend, М B. Rosa, 

Louis Bell, Charles F. Scott, 
ames Burke, Clayton H. Sharp, 


Samuel Sheldon, 


ohn J. Carty, n 
1 , 


Gano Dunn, 


H. M. Hobart, Charles P. Steinmetz, 
John W. Lieb, Elihu Thomson, 
R. B. Owens, Philip Torchio. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, Charles A. Terry, 
John F. Kelly, B. F. Wood. 


EDISON MEDAL COMMITTEE. 
Appointed by the President for terms of five years. 
Term expires July 31, 1917. 


A. E. Kennelly, Chairman, Robert T. Lozier, 
5. С сМееп. 


Term expires July 31, 1918. 
H, W. Buck, Е.А. Scheffler, 


J. Franklin e 
Term expires July 31, 1919. 


Charles F. Brush N. W. Storer 
C. C. Chesney, 


Term expires July 31, 1920. 


Carl Hering Harris J. Ryan 
H. G. Stott. 


Term expires July 31, 1921. 


W. C. L. Eglin, Bancroft Gherardi, 
E. Rice, Jr. 


Elected by the Board of Directors from its own 
membership for terms of two years. 
Term expires July 31, 1917. 


B. A. Behrend, Paul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 
C. A. Adams, Harold Pender, 
C. E. Skinner. 
Ex-Officio. 
H. W. Buck, President, 


George А A. Hamilton, Treasurer, 
L. Hutchinson, Secretary. 
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POWER STATIONS. PROTECTIVE DEVICES. 

J. G. De Remer, Chairman, D. W. Roper, Chairman 
100 Broadway, New York. ноос 500, 72 Adani St., Chicago, Ill. 
]. M. Drabelle, А. Moss, L. L. Elden, A. А. Me er, 
C. C. Egbert, R. J. S. Pigott, v Faccioli, L. C. Nicholson, 
W.S. Gorsuch, Cecil Poole, . E. Goodwin, N ын Toun Б 
John Harisberger, E. F. Scattergood, E M. Hewlett, Sprong, 
A. H. Kruesi, F. A. Scheffler, Paul M. Lincoln, Philip orchio, 
БАЗ М. Lincoln, W. R. Thompson, H. R. Woodrow. 
грее Нашр Torchio, ELECTROCHEMISTRY AND ELECTRO- 
Wood. METALLURGY. 


TRANSMISSION AND DISTRIBUTION. 


L. В. Imlay, Chairman, 
Niagara Falls Power Co., Niagara Falls, N. Y. 


H. A. P. M. Lincoln, 
M. T. Crawford, W. E. Mitchell, 
В. В. F. Creighton, G. J. Newton, 
H. H. Dewey, L. Nicholson, 
P. M. Downing, W. D. Peaslee, 
H. W. Fisher, Stefaan Piek, 
P. A. Gaby, C. S. Ruffner, 
W. T. Goddard, H. J. Ryan, 

0. A. Havill, F. D. Sampson, 
R. P. Hayward, H. Е. Shedd, 

J. P. Jollyman, 


TRACTION AND TRANSPORTATION, 
N. W. Storer, Chairman 


Westinghouse E. & M. Co., East Pittsburgh, Pa. 
H. Adams, . J. Kearny, 
А. H. Babcock, паш Me elan; 
Reinier Beeuwkes, W.B. urphy, 
E. $ Blair, | БОЕ 
L. P. Crecelius, Priest, 
. V. B. Duer, Charice H. Quinn. 
e Gibbs, 2 Renshaw, 
W. J. Harvie, A. S. Rer 
Hugh Hazelton, Charles F. ott, 
E. B. Katte, qun B. Taylor, 
H. arren. 


INDUSTRIAL AND DOMESTIC POWER. 


B. H. Martindale, Chairman, 
National Carbon Co., Cleveland, Ohio. 


Н. W. Cope, G. A. ohnstone, 
J. H. Davis, C. A. Kelsey, 
James Dixon, C. L. Kennedy, 
А. M. Dudley, . Charles D. Knight, 
Herbert B. Dwight, A. H. Lawton, 
Р. W. Ells, A. M. MacCutcheon, 
i E. Рпез, А. С. Pierce, 

. В. Fishback, ames M. Smith, 
Е.Н. Good willie, . Weichsel, 
А. L.. Hadley, 7. В. Wiard, 

B. Williamson. 


LIGHTING AND ILLUMINATION. 
Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 
E N. Chamberlin, Richard C. Powell, 


. E. Clewell, E. B. Rosa, 
R. Cravath, W. D'A. Ryan, 
S. Perkins, 


Cla H. Sharp, 
W. M. За оар 


ECONOMICS OF ELECTRIC SERVICE. 
Philander Betts, Chairman 
790 Broad Street, Newark, N. J. 


Harold Almert, A. H. Kruesi, 
Ж. Н. Blood, jr.. William McClellan, 
Fred A. Bryan, Norman C. McPherson, 


C. L. Согу, Allard Smith, 
EA Curford Eddy, W.G. Vincent, 
8 п, 
Jac с. W. wigs. W. Whittemore, 


T. H. “уруу СЫ Chairman, 
W.E.a . Co., East Pittsburgh, Pa. 
Wesley i Beck. F. 


G. Liljenroth, 
F. A. J. Fitzgerald, Eugene F. Roeber, 


A. anz, : Seede, 

F. A. Lidbury, . Tschentscher, 
ELECTROPHYSICS. 

F. W. Peek, Jr., Chairman, 

General Electric Company, Pittsfield, Mass. 

Frederick Bedell, E. B. Rosa, 

A. C. Crehore, Harris J. Ryan, 

G. Faccioli, Clayton H. Sharp 

С; SG ROC сце, C. P. Stenmeir 

W. S. Franklin, P. H. Thomas, 

A. E. Kennelly, J. B. Whitehead. 


TELEGRAPHY AND TELEPHONY. 


F. L. Rhodes, Chairman, 

195 Broadway, New York. 
E. F. W. Alexanderson, Ben empster B. Miller, 
R. ai Chetwood, ouradian, 
M. M. Davis, W. O. Pennell, 
C. L. Fortescue, Allard Smith, 
H. M. Friendly, ohn 5. Stone, 
F. B. Jewett, ohn B. Taylor, 
S. M. Kintner, . L. Wayne, 3rd, 
Wm. Maver, Jr., G. M. Yorke. 

MARINE. 


m 


. А. Hornor, Chairman 

Hamilton Court, 39th % Chestnut Sts., Phila- 
delphia, Pa. 

D. M. Mahood, Secretary, 

Sperry Gyroscope Company 
Manhattan Bridge Plaza, Brooklyn, N. Y. 


В. B. Chillas, Jr., Guy Hill, 

М. W. Day, О. Р. Loomis, 

G. E. Edgar, С. А. Pierce, ]т., 

W. L. В. Emmet, H. M. Southgate, 

Үү. В. Furlong, E. A. Sperry, 

H. L. Hibbard, Wilfred Sykes, 
F. W. Wood. 

COMMITTEE ON USE OF ELECTRICITY 
IN MINES 


H. H. Clark, Chairman, 
U. S. Bureau of Mines, 
40th & Butler Streets, Pittsburgh, Pa. 
Frank E. Alexander, . Ilsley, 
Frank Н. Armstrong, R. L. Kingsland, 
Graham Bright, Charles Legrand, 
W. A. Chandler, Charles M. Means, 
F. J. Duffy, K. A. Pauly, 
H. M. Warren. 


IRON AND STEEL INDUSTRY. 


Wilfred Sykes, Chairman, 
Box 242, East Liberty, Pa. 


S. C. Coey, A. G. Pierce, 

F. B. Crosby, . C. Reed, 

E. Friedlaender, . Tschentscher, 

E. S. Jefferies, Brent Wiley, 

D. M. Petty, R. B. Williamson 
J. H. Wilson. 


EDUCATIONAL COMMITTEE. 


W. I. Slichter, Chairman. 
Alexander Gray, William McClellan, 
E. J. Henkhe, Chester W. Rice, 
E. A. Loew, C. E. Skinner, 

R. D. Thomson. 
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SPECIAL COMMITTEES. 
Revised to February 1, 1917. 


REORGANIZATION OF TECHNICAL COM- 
MITTEES. 


L. T. Robinson, Chairman, 
General Electric OPEN Schenectady, N..Y 
Р. L. Hutchinson, H. Norris, 
А. S. McAllister, . Franklin Stevens, 
шаг 


. COMMITTEE ON STUDENT BRANCHES. 
C. W. Green, Chairman; 


Alexander Gray, E. A. Loew, 
C. Francis Harding, ME S. Rodman, 
cott. 


PROPOSED RESERVE CORPS OF 
ENGINEERS. 


Bion J. Arnold, Chairman, 
5 South La Salle ‘Street, Chicago, Ill. 
Inn Harisberger, А. M. Schoen, 
alph D. Mershon, Charles W. Stone. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 
A. H. Babcock, John F. Kelly, 
Gano Dunn, А. S McAllister, 
Schuyler Skaats Wheeler. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 


Ralph D. Mershon, Paul M. Lincoln, 
C. O. Mailloux, John J. Carty, 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Gano Dunn, Samuel Sheldon, 
Calvert Townley. 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


Harold Pender, Edward D. Adams, 
W. I. Slichter, Samuel Sheldon, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE ОЕ МА- 
TIONAL FIRE PROTECTION ASSOCIATION. 
The chairman of the Institute's Code Committee. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 
Edward Caldwell. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 
W. S. Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 


Calvert Townley, William McClellan, 
John J. Carty. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 


Farley Osgood, F. B. H. Paine, 
Percy H. Thomas. 


ON JOINT NATIONAL COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
Paul Winsor. 


ON U. S. NATIONAL COMMITTEE OF THE. 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


A. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 
F. B. Jewett. 


ON ENGINEERING FOUNDATION BOARD 
Michaél I. Pupin. 


ON NAVAL CONSULTING BOARD. 
Benjamin С. Lamme, Frank J. Sprague. 


‘ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
Gano Dunn, William McClellan, 


John H. Finney, Charles W. Stone. 
Calvert Townley. 


ON JOINT COMMITTEE ON METRIC 
SYSTEM. 
A. E. Kennelly, 


ON AMERICAN ENGIN dran G STANDARDS 


C. A. Adams, М. А. Carle, 
Р. Junkersfeld. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10 Via S. Radegonda, ы: 


Robert Julian Scott, Christchurch, New Zealand. 

T. P. Strickland, N. S. W. Government Railwa 5, 
Sydney, М. S. 

W. G. T. Goodman, Adelaide, South Australia. 

jones S. Fitzmaurice, Perth, West Australia. 

A. Herdt, McGill Univ., Montreal, Que. 

Henry Graftio, Petrograd, 'Russia. 

Richard O. Heinrich, Genest-str. 5, Schoeneberg, 
Berlin, Germany. 

A. S. Garfield, 45 Boulevard rs our Paris, 

. France 

Harry Parker Gibbs, Tata Hydroeloct te Power 

Supply Co., Ltd., Bombay, India. 

John Y. Kirkland, "Johannesburg, South Africa 
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LIST OF SECTIONS 
Revised to February 1, 1917. 


Name and when Organized 


Айапба............... Газ. 19, '04 
Baltimore............. ec. 16, '04 
Boston................ Feb. 13, '03 
СШсало, ух» oo жа 1893 
Cleveland.. Sept. 27, '07 
Denver............... May 18, '15 
Detroit-Ann Arbor..... s 13, '11 
Fort Wayne........... Aug. 14, '08 
Indianapolis Lafayette. .Jan. 12, '12 
Пһаса................ Oct. 15, '02 
Kansas City, Мо....... Apr. 14, '16 
Los Angeles........... May 19, '08 
и ОЧЕВЕ: Aug. 22, '11 
Madison.............. 185 8, ' 
ехтїсо............... ес. 13,” 
Milwaukee............ Feb. 11, '10 
Minnesota............ Apr. 7, '02 
To EE Oct. 10, '13 
Philadelphia. Feb. 18. '03 
Pittsburgh............ Oct. 13, '02 
Pittsfield.............. Mar. 25, '04 
Portland, Оге.......... May 18, '09 
Rochester............. Oct. 9, '14 
St. Louis.............. Jan. 14, '03 
San Francisco......... Dec. 23, '04 
Schenectady........... Jan. 26, '03 
ЗеаШе................ jan. 19, '04 
Spokane.............. Feb. 14, '13 
Toledo................ june 3, '07 
Toronto............... Sept. 30, '03 
Urbana...,........... Nov. 25, '02 
Vancouver............ Aug. 22, '11 
Washington, D.C. Apr. 9, '03 


Chairman | Secretary 


A. M. Schoen H.E.Bussey,3d Nat. Bk. Bldg. Atlanta,Ga. 


J. B. Whitehead L.M.Potts,Industrial Bldg.,Baltimore, Md. 

Geo. A. Burnham | Ira M.Cushing,84 State St.,Boston, Mass 

Taliaferro Milton| W. J. CER uon, 111 W. Monroe St.,Chi- 
cago, Ill. 

E. W. P. Smith Bruce W. David, Lincoln Electric Co., 
Cleveland, Ohio. 


H. S. Sands Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 
А. А. Meyer A. Oakes, American Electrical Heater 


Company, Detroit, Mich. 


. J. Kline - 

S 1. Wayne, 3rd | Walter A. Black, 3042 Graceland Ava: T 
eee olis, Ind. 

F. Bedell William Deans, Franklin Hall, Cornell 
Univ., Ithaca, N. Y. 

A. A. Thompson Glenn O, Br Brown, 5519 Tracy Ave., Kansas 

it 

R. H. Manahan Carl È Тора: 459 East Third Street, 
Los Angeles, Cal. 

Gordon Campbell | M. B. Carroll, С. E. Co., West Lynn, Mass. 


Е. А. Kartak L. E. A. Kelso, University of Wisconsin, 
Madison, Wis. 
Е. W. Ells H. P. Reed, Cutler-Hammer Mfg. Co., 


Milwaukee, Wis. 

R. J. S. Carter Vernon S. Beck, Beck Elec. Const. Co., 
Minneapolis, Minn. 

Earl J. Atkisson e iE Markham, Balboa Heights, C. Z. 


H. P. Liversidge F. James, 14th Floor, Widener Bldg., 
ESEE Pa. 
G. C. Hecker F. E. Wynne, W. E. and M. Company, 


East Pittsburgh, Pa. 

V. E. Goodwin E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 

L. T. Merwin J.C, Martin, Pacific Power and Light Co., 
Portland, 'Oregon. 

O. W. Bodler Luen B Buck, 1416 Lake Avenue, Rochester 


A. McR. Harrelson] H. L. Hope, шшен Bell Telephone 
System, St. Louis, 

J. E. Woobridge A. G. Jones, 811 Rialto Building, San 
Francisco, Cal. 

C. E. Eveleth | H. L. Andrews, General Electric Company, 
Schenectady, N. Y. 

C. E. Magnusson | C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 

D. F. Henderson | C. M. Fisher, Washington Water Power 
Company, Spokane, Wash. 

W. E. Richards Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, Ohio. 

E. T. J. Brandon | Wills Maclachlan, 910 Excelsior Life 
pov ne Toronto, Ont. 

I. W. Fisk. V. James, Univ. of Illinois, Urbana, Ill. 

В. Е. Hay ward к H. Crosby, Canadian Westinghouse Co. T 
Vancouver, B 

Arthur Dunlop Louis G. Freeman, U. S. Geological Sur- 
vey, Washington, D. C 


Total 33 LIST OF BRANCHES 


Name and when Organized 


Agricultural and Mech. 
College of Техав...... Nov. 12, "09 
Alabama Poly. Inst... .. Nov. 10, "16 


Alabama, Univ. of..... . Dec. 11, '14 
Arkansas, Univ. of..... Mar. 25, '04 
Armour Institute....... Feb. 26, '04 


Brooklyn Poly. Inst.....Jan. 14, '16 
Bucknell University... May 17, 10 
California, Univ. of..... Feb. 9, '12 
Carnegie Inst. of Tech.. May 18, '15 
Cincinnati, Univ. of...... Apr. 10, "08 
Clarkson Col. of Tech... Dec. 10, '15 


Clemson Agricultural Col. Nov. 8, '12 
Colorado State 
tural College.........Feb. 11, '10 


Chairman Secretary 


M.M.Bridgewater| Г. T. Tighe, College Station, Тех. . 

W. W. Hill L. I. Davis, Auburn, Ala. 

Gustav Wittig A. F. Frazier, University, Ala. 

A. L. Wilson W. L. Teague, University of Arkansas, 
Fayetteville, Ark. 

Ralph H. Earle Harold A. Kleinman, 7743 Burnham 
Avenue, Chicago, Ill. 

Paul G. Wehle Robert Davie, The Polytechnic Insti- 
tute, Brooklyn, N. Y 


N. J. Rehman E. C. Hageman, Bucknell University, 
Lewisburg, Pa. 
Marc Holzer А. C. Maynard, University of California, 


Berkeley, Cal. 
E. G. Peterson B. C. Dennison, Carnegie School of Tech- 
nology, Pittsburgh, Pa. 


R. L. Utley H. V. McCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio. 

H. H. Plank Philip В. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 

D. H. Banks W. H. Neil, Clemson College, S. C. 


H. W. McKinley | F. G. Stiers, Colorado State Agricultural 
College, Fort:;Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name and when Organized 


Colorado, Univ. of..... 


. Dec. 16, 
Georgia School of Tech- 
nology.............. June 25, 
Highland Park College.. Oct. 11, 
Idaho, Univ. of.. ...... June 25, 
Iowa State Collegi oid Ар 15, 
Iowa, Univ. of......... ay 18, 
Kansas State Agr. Col...Jan. 10, 
Kansas, Univ. of....... Mar. 18, 
Kentucky,State Univ.of Oct. 14, 
Lafayette College...... Apr. 5, 
Lehigh University...... Oct. 15, 
Lewis Institute......... Nov. 8, 
Maine, Univ. of........ Dec. 26, 
Michigan, Univ. of..... Mar. 25, 
Minnesota, Univ. of....May 16, 
Missouri Univ. of. ..... Jan. 10, 
Montana State Col...... May 21, 
Nebraska, Univ. of..... Apr. 10, 
North Carolina Col. of 
and Mech. Arts...... eb. 11, 
North Carolina, Univ. of.Oct. 9, 
Norwich University... . June 28, 
Ohio Northern Univ.....Feb. 9, 
Ohio State University....Dec. 20, 
Oklahoma Agricultural and 
Mech. Col........... Oct. 13, 
Oklahoma, Univ. of... ..Oct. 11, 
Oregon Agr. Col........ Mar. 24, 
Penn. State College. ... Dec. 20, 
Pittsburgh, Univ. of. ...Feb. 26, 
Purdue University......Jan. 26, 
Rensselaer Poly. Inst.. . Nov. 12, 
Rose Polytechnic Inst... Nov. 10, 
Rhode Island State Col. Маг. 14, 
Stanford Univ......... Dec. 13, 
Syracuse Univ..........Feb. 24, 
Texas, Univ. of. ....... Feb. 14, 
Throop оова of Tech- 44 
T EPI ct. " 
virginia Polytechnic Insti- 
ана Jan. 8, 
Virginia, Univ. of....... Feb. 9, 
Wash, State Col. of..... Dec. 13, 
Washington Univ. . ...Feb. 6, 
Washington, Univ. of... Dec. 13, 
West Virginia Univ..... Nov. 13, 
Worcester Poly. Inst.... Mar. 25, 
Yale University ....... Oct. 13, 


*04 


Chairman 


R. E. Robinson 
E. E. Gould 


D. 
C. 


Nankervis 

L. Merrick 

К H. Oliver 

N. M. Foster 

А. W. Davies 
SamuelMcC.Hunt 
F. L. Magee 


Rowland Manley 
Fred P. Jones 


A. N. Clarke 
Jesse L. Thompson 
А. C. Lanier 
Carl Ladenburg 
Olin J. Ferguson 
F. E. Coxe 

A, C. Forney 


W. C. Bedell , 
H. D. Bender 


G. E. Davis 
H. M. Richards 
J. A. Hooper 


G. Geracimos 
E. R. Roth 


C. F. Harding | 
W. J. Williams 
H. E. Smock 
A. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
John D. Hindle 


W. S. Rodman 
C. H. Worthen 


Charles А. Lieber 
A. Kalin 

O. P. Joliffe 

C. W. Kennedy 
А. W. Cahoon 


Secretary 


Charles C. Clymer| Victor E. Leroy, University of Colorado, 


oulder, Colo. 
Jobs. Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 
Adolph Shane, Highland Park College, 
Des Moines, Iowa. 
L.J.Corbett, Univ. of Idaho, Moscow, Idaho. 
F. A. Robbins, Iowa St. Col., Ames, Iowa. 
A. H. Ford, University of Iowa, Iowa City, 


Iowa. . : 

C. E. Reid, Kansas State Agri. Col., 
Manhattan, Kansas. 

G. M. Bowman, 1517 New Hampshire, 
Lawrence, Kansas. 

G. D. Aaron,State University of Kentucky. 
Lexington, Ky. 

Carl Theodore. "Маск, 418 McCartney 
Street, Easton, Pa. 

J. F. Wentz, Lehigh University, South 
Bethlehem, Pa. 

S. P. McDaniels. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 

F. E. Richardson, University of Michigan, 
Ann Arbor, Mich. 

Donald P. Loye, 4216 Dupont Ave., South 


Minneapolis, Minn. 
P. Savant, University of Missouri, 
Columbia, Mo. 
J. A. Thaler, Montana State College, 


Bozeman, Mont. 

F. C. Holtz, University of Nebraska, Lin- 
сот. Nebraska. 

F. J. Haight, N. C. Coll. of A. and M. 
Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 
Chapel Hill, N. C. | 


АЙ кена 125 S. Gilbert Street, 
a, 
L. 138 Wheatland Avenue, 


W. Birch, 
Columbus, Ohio. 


W. C. Lane, Oklahoma А. and M. College, 
Stillwater, Okla. 

R. E. Heffner, University of Oklahoma, 
Norman, Okla. 

L. Hap old, 
Corvallis, Оге. 

August Heine, State College, Pa. 

W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

A. N. Topping, Purdue Univ., Lafayette, 
Indiana. 

W. В. Townsend, Jr., Rensselaer Poly- 
technic Institute, Troy, N. Y. 

Sam P. Stone, 1012 North 8th Street, 
Terre Haute, Ind. 

Carl A. Burdick, Rhode Island State Col- 
lege, Kingston, R. I. 
. L. Morgan, Stanford University, Cal. 

х. А. Porter, Syracuse University, Syra- 
cuse, N. 

J. А. Correll, Univ. of Texas, Austin, Tex. 


Oregon Agri. College, 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 
E. S. Smithson, Virginia Polytechnic 
Institute, Blacksburg, Va. 

L K. Peebles, University, Va. 
7. Melrose, State Col. of Wash., 
ос, Wash. 4 
R. М. Macdonald, Washington Univer- 
nn St. Louis, Mo. 
Himmelsbach, 4629 21st Avenue, 
' Seattle, Wash. 
F. Cronin, 52 University Driveway 
‘Mor antown, W. 
J. A. Blair, Worcester Polytechnic Institute 
Worcester, Mass 
J. P. Allen, Sheffield Scientific School, 
New Haven, Conn. 


Total 57. 
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А. I E. E. MEETING IN CHICAGO 
MARCH 9, 1917 


The 330th meeting of the American 
Institute of Electrical Engineers will be 
held іп Chicago, Ш., March 9, 1917. 
The official headquarters of the Insti- 
tute during the meeting will be in the 
Hotel Sherman, Clark and Randolph 
Streets, where the various committee 
meetings and the technical session will 
be held. 

The registration office in the Hotel 
Sherman will be open at 8:30 a.m. and 
members and guests are requested to 
register promptly. Тһе Western So- 
cety of Engineers 1735 Monadnock 
Block has extended the privilege of its 
rooms to members and guests of the 
А. I. E. E. during the meeting. 


The morning and afternoon will be 
devoted to various committee meetings, 
to a number of inspection trips which 
are scheduled below, and to the Board 
of Directors meeting. 


At 6:30 p.m. an informal dinner will 
be served in the Crystal Room of the 
Hotel Sherman to members and guesi 3 
т attendance. 


The technical session will be held in 
the Louis XVI room of the Hotel 
Sherman at 8:00 p.m. The general 
subject of the meeting will be Methods 
of Relay Protection and two papers will 
be presented; one by Mr. Philip 
‚ Torchio, of the New York Edison Co. 
and one by Mr. R. F. Schuchardt, of 
the Commonwealth Edison Co. of 
Chicago. 

A number of interesting inspection 
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trips has been arranged for Saturday 
morning and afternoon following the 
meeting, as scheduled below. 


PROGRAM 
Friday Morning 
Committee meetings as specified in 


notices to committee members. 
Inspection trips as scheduled below. 


Friday Afternoon 


Board of Directors Luncheon, Uni- 
versity Club, 1 p.m. 

Committee meetings as specified in 
notices to committee members. 

Inspection trips as scheduled below. 


Friday Evening 


Informal dinner in Crystal Room, 6:30 


p.m. 
Technical Session 
8:00 p.m. 
Relays for High-Tension Lines, by 


Philip Torchio. 

The use of definite and inverse-time- 
limit, selective-ground, reverse-power 
and differential relays for the protection 
of feeders, tie lines, ring systems, 
generators and transformers as in- 
stanced by current practise. 


The Protective Relay Equipment on the 
System of the Commonwealth Edison 
Company, by R. F. Schuchardt. 


The arrangement and setting of 
relays on large inter-connected systems: 
Generators are equipped with balanced 
relays; lines with induction-type in- 
verse-time-limit relays; some of the 
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uni-directional type, апа balanced 

relays; substations have the usual 

equipment of overload relays, speed- 

limit devices, etc.; and outgoing feeders 

the instantaneous type of relays. 
Saturday 

Inspection trips as scheduled below. 


INSPECTION TRIPS 


Friday, March 9th, 1917 
MORNING 


Commonwealth- Edison Substations 
Plymouth Place. 15 minutes walk from 
Hotel Sherman. Combined Edi- 
son and railway converter sub- 


station with 6,000 kw. total 
capacity in converters and a 
large railway storage battery 


and booster. 


Market Street. 5 minutes walk from 
Hotel Sherman. 2,000 kw. ver- 
tical converter and storage bat- 
tery and booster on railway 
system. 

Franklin Street. 10 minutes walk from 
Hotel Sherman. 10,000 kw. 
total converter capacity. 

Sherman Street. 10 minutes walk from 
Hotel Sherman. 5,500 kw. con- 
verter capacity. Stand-by storage 
battery. 


Friday, March 9th, 1917 
AFTERNOON 
Illinois Steel Company, Electric Fur- 
nace, South Chicago. 
North West Station of Common- 
wealth-Edison Company. 


Western Electric 
thorne. 

Special train on elevated. Luncheon 

at plant. Leave Fifth Ave. Terminal 


12:30 p.m. 


Saturday, March 10, 1917 
MORNING 


Company—Haw- 


Bell Telephone Exchanges. Lake View, 

© Rogers Park, Belmont, Stewart 
Hyde Park. Chicago has the 
most up-to-date telephone system 
inthe world. 
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Electric Steel Company. 
nace. Automatic 


Snyder Fur- 
Sub-Station. 
Special train on Elgin and Belvidere. 
A railway automatic substation that 
starts, synchronizes and stops in ac- 
cordance with power demand. (See 
PROCEEDINGS for September 1915.) 
Fisk Street Station of Commonwealth- 
Edison Company. 


Saturday, March 10, 1917 


AFTERNOON 
Stock Yards 
Chicago Railways Company. 
Western Ave. Substation. 
A modern railway converter sub- 
substation, 12,000-kw. capacity. 
Kedzie Ave. Car House. 
821-саг capacity. А modern lay- 
out with necessary equipment. 
The West Shops. 


One of the most modern and 
efficient electric railway саг 
shops in the country, showing 


many features of interest. 


More complete information in regard 
to the above trips can be obtained at 
the Registration office. Guides will be 
furnished for all trips. 


INFORMAL DINNER 


An informal table d’ hote dinner will 
be served to members and guests in the 
Crystal Room in the Hotel Sherman at 
6:30 p.m. 

Price $1.50 per cover. 

Dinner tickets should be purchased 
at the registration office as early as 
possible. 


HOTEL SHERMAN 


All correspondence in regard to hotel 
reservations should be addressed to the 
hotel management. 

Hotel rates on the European plan are 
as follows: 


Single Rooms with bath 

$2.00, 2.50, 3.00, 3.50, 4.00 and 5.00. 
Double Rooms with bath 

$3.00, 3.50, 4.00, 4.50, 5.00 and 6.00 
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A.I E. E. MEETING AT SCHENEC- 
TADY APRIL 13, 1917 


The 331st meeting of the American 
Institute of Electrical Engineers will be 
held in Schenectady; М. Y., April 18, 
1917. The Institute headquarters dur- 
ig the meeting will be in the Edison 
Club, 60 Washington Avenue. The 
meeting will be under the auspices of the 
Standards Committee and the general 
subject of the meeting will be ‘‘Temper- 
ature Corrections." А paper on this 
subject will be presented by Mr. V. M. 
Montsinger of the General Electric Co. 
In addition to Mr. Montsinger's paper, 
four other papers bearing on allied 
subjects will be taken up for discussion. 
These are as follows: Temperature Dis- 
tribution зп Electrical Machinery, by B. 
G. Lamme, Rational Temperature Guar- 
antees for Large A-C. Generators, by 
F. D. Newbury, Internal Temperatures 
of A-C. Generators, by Ralph Kelly, 
and Electrical Machinery Tests and 
Specifications Based on Modern Stand- 
ards, by H. M. Hobart. 

The papers by Messrs. Lamme and 


Newbury were published in the Novem- 


ber, 1916, PROCEEDINGS, the paper by 
Mr. Kelly in the February, 1917. 
PROCEEDINGS, and the paper by Mr, 
Hobart appears in this issue. 


А. 1. E. E. ANNUAL CONVENTION 
JUNE 26-29, 1917 


The Annual Convention of the Insti- 
tute will be held at Hot Springs, Va., 
covering the four day period, June 26- 
29, 1917. The Homestead Hotel has 
been selected as the headquarters for 
the convention. 

The Meetings and Papers Committee 
has tentatively decided on five tech- 
пса! sessions. The convention will 
open on the afternoon of Tuesday, June 
26, with President H. W. Buck's address 
доме by the reports of the various 
technical. committees. The two ses- 
ions on Wednesday, the 27th, will be 
ander the auspices of the Transmission 
and Distribution Committee. The 
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morning will be devoted to the subject 
of ‘“‘high-tension cables" and three 
papers on this subject will be presented, 
as follows: Certain Insulation Charac- 
teristics of High-Voltage Cables, by W. 
S. Clark and G. B. Shanklin; Problems 
зп Operation and Maintenance of Under- 
ground Cables, by John L. Harper; 
Fundamentals of Htigh-Tenston Cable 
Joints, by D. W. Roper. The afternoon 
session will be devoted to high-tension 
insulators”, and four papers will be 
delivered, as follows: The Insulator 
Situation, by W. D. Peasley; Porosity 
of Electrical Porcelain, by H. J. Ryan; 
Expansion Effects as а Cause о) De- 
terioration іп  Suspension-Type Insu- 
lators, by J. A. Brundige; Present Prac- 
tise in the Design and Manufacture of 
High-Voltage Insulators, by A. O. 
Austin. The morning of Thursday, 
June 28, has been designated as the 
Mining Session and the following papers 
will be presented: Forms of Power Best 
Suited for the Various Loads Encountered 
in theOperationof Bituminous Coal Mines, 
byR. L. Kingsland; Test of a Large Mine 
Hoist, by R. S. Sage. The fifth and last 
technical session will be held Friday 
morning, June 29. This will be a Rail- 
way Session and the papers to be de- 
livered will be announced later. 

The Entertainment Committee has 
under consideration the usual program 
of sports with some novel and interest- 
ing features. Тһе complete program 
will be announced in a future issue. 


COMING SECTION MEETINGS 

Boston.— March 6, 1917. Subject: 
“Electric Transmission for Motor Cars. 
Speaker: W. B. Potter. 

Detroit-Ann Arbor.— March 23, 1917. 
Subject: “ Direct-Current Motors. 
Speaker: Prof. B. F. Bailey. 

Fort Wayne.— March 8, 1917. Mo- 
tion Picture entitled "King of the 
Rails”. 

Spokane.— March 15, 1917. Subject: 
Utilization of Electricity. 

Toronto.—March.— March 16, 1917. 
Subject: “The Construction and Prac- 
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tise of Underground Cables. Speaker: 


Henry W. Fisher. 


DIRECTORS MEETING, NEW 
YORK, FEBRUARY 15, 1917 


The regular monthly meeting of the 
Board of Directors was held at In- 
stitute headquarters in New York on 
Thursday, February 15, 1917, at 4:00 
p.m. 

There were present: President H. W. 
Buck, New York; Past President P. M. 
Lincoln, Pittsburgh, Pa., Vice-Presi- 
dents C. A. Adams, Cambridge, Mass., 
J. Franklin Stevens, Philadelphia, Pa., 
Willam McClellan, New York, B. A. 
Behrend, Boston, Mass., P. Junkersfeld, 
Chicago, Ill., L. T. Robinson, Schenec- 
tady, N. Y.; Managers Frederick Bedell, 
Ithaca, N. Y., Bancroft Gherardi, F. B. 
Jewett and А. S. McAllister, New York, 
John Н. Finney, Washington, D. С., 
john B. Taylor, Shenectady, N. Y., 
Harold Pender, Philadelphia, Pa., C. E. 
Skinner, Pittsburgh, Pa., John B. 
Fisken, Spokane, Wash., М. А. Carle, 
Newark, N. J., Charles Robbins, Pitts- 
burgh, Pa.; Treasurer, -George А. 
Hamilton, Elizabeth, N. J.; and Secre- 
tary F. L. Hutchinson, New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $9,562.57 was ratified. 

The report of the Board of Examiners 
of its meeting held on February 6, 1917 
was read and the actions taken at that 
meeting were approved. 

Upon the recommendation of the 
Board of Examiners 111 Students were 
ordered enrolled, 78 applicants were 
elected to the grade of Associate, 2 ap- 
plicants were reinstated as Associates, 
2 applicants were elected to the grade 
of Member, and 7 applicants were 
transferred to the grade of Member. 

Upon the request of Professor J. F. 
Stevens of the University of North 
Dakota, and with the approval of the 
Chairman of the Committee on Stu- 
dents Branches, the organization of a 
Branch at that university was author- 
ized. 
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The Executive Committee reported 
having held special meetings on Feb- 
ruary 6th and 9th for the purpose of pre- 
paring and issuing to the membership, a 
circular and data sheet for classifying 
members with regard to their availabil- 
ity for military or naval service in case 
of need. The action of the Executive 
Committee in preparing and sending 
out this circular and data sheet was 
approved. 

A considerable amount of other 
business was transacted by the Board, 
reference to which will be found in this 
and future issues of the PROCEEDINGS. 


ENGINEERS IN NATIONAL 
DEFENSE 


The response to the Military Classi- 
fication Data circular sent out under 
date of February 8, by the Executive 
Committee to the Institute member- 
ship has been very gratifying, and over 
1200 data sheets are now in the hands 
of the special committee of the Institute 
for classification. 

These data sheets are being taken up 
individually as received, and turned 
over to the various departments of the 
Army and Navy for consideration, and 
in a short time further information 
will be sent to those members who have 
mailed their filled-out blanks, which 
will indicate the channels through 
which the members can, in the most 
effective way, deliver their particular 
services to the Government. 

During the Midwinter Convention in 
New York, addresses were made by 
Major J. H. Finney, of the Engineer 
Reserve Corps and Captain J. H. Cuntz, 
of the Signal Officers’ Reserve Corps, 
explaining some of the most important 
ways in which engineers could be of 
service to the country in case of war. 
Major Finney spoke in part as follows. 


EXTRACTS FROM Major FINNEY’S 
ADDRESS 
Mr. Buck has suggested that І 
elaborate somewhat on the circular that 
was sent out by the Institute and 
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clarify some of the points which may 
not be quite clear to many of us who do 
not know a great deal about the military 
side of the country. 

The time is actually here when we as 
leaders in the science of electrical 
engineering, and skilled in many of the 
essential things on which modern war- 
fare is based must make good our claim 
for constructive leadership and assume 
as a bounden duty the responsibility 
that the present critical situation lays 
upon us. 

How can we as engineers and citizens 
best serve? There are many ways al- 
ready provided—many branches of 
service both combatant and special, and 
I shall as briefly as possible recite some 
present conditions 
kinds of service are open to us. 

Our army, as good as any of the 
world, man for man, but only in that 
respect, because of the woeful deficiency 
of modern equipment of machine guns 
and field artillery, has an authorized 
strength in line and staff of 133,166 men. 
In December the actual strength was 
109,959—23,207 vacancies. The Na- 
tional Guard even if it were effective 
in men, officers and equipment, which it 
is not, if it were possible to effectively 
combine it with our regular army, 
would make less than 250,000 men 
where a million or two million or more 
might be required to operate against 
a first class power. 

It 1$ fair to assume that some day we 
shall have in America universal military 
training and service, through which we 
may create more or less of a real de- 
fensive army, but the nearest thing to 
it now existing is the voluntary military 
training and service provided by the act 
of last June creating the reserve corps 
through which it is hoped to secure 
a reserve of officers having more or less 
military training, for service as tempo- 
rary officers in the army in time of war 
and in the case of the engineer corps and 
signal corps, of securing enlisted men 
for these two branches as well. This 
reserve has an obligatory service of 15 
days per annum for instruction in camp 


and show what. 
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with pay of the rank, and is subject to 
active duty on the call of the president 
in case of war or threatened hostilities, 
of course with pay. Іп the engineers 
officers reserve corps this duty is of 
two kinds, Class A being duty with the 
combatant troops, Class B being special 
duties of a civilian nature as were shown 
by the Institute's circular. I need not 
go into detail as to qualifications re- 
quired for these commissions other than 
to say that most of our members if 
physically fit can qualify in one 
branch or another and render efficient 
service. 

I believe that we shall be able to 
obtain from the national engineering 
societies all of the engineering and 
technical officers that we shall require, 
but it is of course perfectly obvious that 
from the military side they will not 
be particularly effective without a great 
deal of training; but they will improve 
in that side of the work. I mean 
effective from the military duty or 
fighting view-point, but they will be 
particularly effective in the building 
of defensive works and increased trans- 
portation facilities and coordinating the 
manifold duties of the engineer corps 
with industry and fortunately perhaps 
it is these things rather than fighting 
that would first engage the attention of 
the engineer reserve. The War De- 
partment has at present about 1200 
applications for commissions in the 
engineer reserve; they are coming at a 
fairly uniform rate, sometimes as many 
as thirty a day, so that the officer re- 
serve is working out well. The question 
of obtaining the enlisted men permitted 
by the act of June 1916 for the engineer 
corps, when we consider that we shall 
need some 50,000 of them for an army 
of a million men, is a task that will put 
us on our mettle to perform, but it is a 
task which we must certainly undertake. 
This is a real job, because it must be 
done in the face of an increased demand 
in industry for just such men, and it 
presents a many sided problem that 
cannot be too soon undertaken by the 
engineers and helped on by each indi- 
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vidua! in the national engineering 
societies. 

The opportunity for service does not 
end there, for the Navy needs men by 
the many thousands. The estimated 
present shortage is, officers 1099, men 
25,877 and to those whose inclinations 
lead to saltwater service, the Navy has 
an attractive reserve force divided into 
five classes. 

There is a great opportunity existing 
in the Navy for many of the members 
of the Institute who are answering this 
circular, and who are capable of taking 
advantage of it, and many of them are 
expressing their preference for work in 
the Navy. I am not here in an offi- 
cial capacity, except as a member of the 
Institute, and I am not a preacher, 
because, after all is said, this is a matter 
that must be put up to one's own con- 
science to decide; but I cannot close 
without again emphasizing what I be- 
lieve to be the real responsibilities of the 
engineer, and emphasizing the neces- 
sity of prompt and united action that 
will weld our great engineering societies 
into a compact, efficient, willing and 
patriotic body, ready for the Country's 
call. 


EXTRACTS FROM CAPTAIN J. H. 
CuNTZ' REMARKS 


The Signal Corps is the nerve system 
of the Army. It is the intelligence 
bureau. It is at the very heart of things 
and keeps in close touch with every- 
thing that is going on. 

The duties of the Signal Corps in- 
clude the transmission of military in- 
formation involving the use of visual 
signaling apparatus; the construction, 
operation, and maintenance of military 
cables, telegraph and telephone systems, 
and radio stations; the organization and 
training of Signal troops; the design and 
supply of equipment necessary to trans- 
mit information required for military 
purposes, and aeronautics. 

To meet these duties, the Signal 
Corps requires officers with a knowledge 
of telegraph apparatus, telephones, 
motor generators, batteries, gas engines, 


[March 


cables, radio apparatus, and similar 
technical equipment. In addition, 
aeronautical officers are required as 
aviators, balloonists, and others who 
are expert in the technical equipment 
necessary for the aviation section of the 
Signal Corps. 

From this brief recital you can see 
why it is preeminently the Corps for 
electrical engineers. 

The Signal Officers' Reserve Corps is 
a distinct section of the Officers' Re- 
serve Corps and should not be confused 
with the Engineer Corps, which is 
another distinct branch. 


Commissions as Lieutenants, Cap- 
tains and Majors will be given to 
properly qualified men. There are no 
age limits for these grades. All candi- 
dates must pass a physical examination. 


The professional examination, in the 
present emergency, will consist largely 
in satisfactory evidence of a man's 
training and experience. 


Officers of the Reserve Corps are 
liable to fifteen days service a year in 
time of peace, and are subject to call 
in case of war or threatened hostilities. 
When called into service they receive 
the pay of the corresponding grade in 
the regular Army. 


The new head of the Signal Corps 
is a man well known to electrical engi- 
neers the world over, Brigadier-General 
George O. Squier, who naturally has 
a fraternal feeling for his colleagues in 
our profession. 


Among the men who have already 
joined, or are about to join the Signal 
Officers’ Reserve Corps, are our own 
president Major Buck, and our past- 
presidents Major Carty and Major 
Kennelly. А number of prominent off- 
cials of the American Telephone and 
Telegraph Co., The Western Electric 
Co., the Western Union and the Postal 
Telegraph Companies are also coming 
into the Corps, and other members of 
our Institute who are properly qualified 
cannot do better than follow the good 
example which has thus been set for 
them. 
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A. I. Е. E. MIDWINTER 
CONVENTION 


The fifth annual midwinter conven- 
tion of the A. І. E. E. was held at In- 
stitute headquarters, New York, on the 
14th, 15th and 16th of February, 1917. 
All sessions were well attended, the 
total registration reached 712. 


President H. W. Buck, formally 
opening the convention at 10:45 a.m. 
Wednesday the 14th, pointed out that 
the event of the past year of most in- 
terest to engineers, and one of the most 
significant steps in modern progress, was 
the great strengthening of the spirit of 
cooperation. In this advancement, he 
cited, first: The organization of an 
Engineering Branch by The American 
Association for the Advancement of 
Science; second, the arrangement by 
which А. S. C. E. will make their head- 
quarters in the Engineering Building 
and become one of the founder en- 
gineering societies and also the proposed 
establishment of an organization prob- 
ably to be known as the Engineering 
Council of the United Engineering 
Societies; third, the appeal for coopera- 
tion between engineers and our govern- 
ment, so that they may work together 
in the most effective manner in case the 
emergency before the country at the 
present, develops into war. 


President Buck introduced Dr. C. R. 
Mann of the Carnegie Foundation for 


the Promotion of Teaching who out- · 


lined the report of the committee on 
engineering education which will shortly 
be published. 


The first of the technical sessions, the 
Standards Session, was then opened by 
President Buck calling for the paper by 
Ralph Kelly, Internal Temperatures of 
A-C. Generators. In the absence of the 
author, this paper was ably abstracted 
by Prof. Alexander Gray. The paper 
dealt with the wide divergence between 
internal and surface temperatures, with 
explanation of why average figures 
cannot be established. The following 
men took part in the discussion: H. G. 
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Reist, C. A. Adams, W. F. Dawson, H. 
M. Hobart and A. M. Gray. 

Prof. Comfort A. Adams, chairman, 
called the afternoon session to order at 
2:45 p.m. This session was known as 
the Protective Devices Session and all 
three papers on the program were read 
before discussion was permitted. The 
first paper presented was by J. Allen 
Johnson, Reactors in Hydroelectric Sta- 
tions. The author described the advan- 
tages and limitations of current-limiting 
reactors. Reduction of synchronous 
stability was fully explained. Actual 
occurrence of a surge described. The 
next paper entitled, The Effect of Cur- 
rent-Limiting Reactors in Steam Turbine 
Stations under Short-Circuit Conditions, 
by Paul B. Juhnke gave the method of 


. using protective reactors in the Com- 


monwealth Edison Station, Chicago, 
and the results of experience under 
short-circuit conditions. The third pa- 
per of this session, Protection of Trans- 
former Neutrals against Destructive Tran- 
stent Disturbances, by Max H. Coll- 
bohm was presented by John B. Taylor, 
in the absence of the author. This 
paper explained the danger at the 
neutral point of a bank of Y-connected 
transformers from excessive potentials 
caused by building up of simultaneous 
incoming waves. Chairman Adams then 
called: for discussion in which the fol- 
lowing men took part: F. H. Kierstead, 
H. R. Woodrow, A. R. Cheyney, L. F. 
Blume, W. R. Bullard, J. B. Taylor, R. 
F. Schuchardt and H. R. Summerhayes. 
Closures to the three papers were made 
respectively by J. A. Johnson, P. B. 
Juhnke and J. B. Taylor. 

The Electrophysics Session was called 
to order at 10:30 a.m. on Thursday 
with F. W. Peek, Jr. presiding. The 
first paper of this session Corona and 
Rectification in Hydrogen, by J. W. 
Davis and C. S. Breese, presented in 
the absence of the authors by Charles 
Fortescue, gave the results of an in- 
vestigation of the formation of corona 
in hydrogen between a wire and a 
concentric cylinder. Immediately suc- 
ceeding this, the paper entitled, The 
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Electric Strength of Air-VII, by Т.В. 
Whitehead and W. S. Brown, abstracted 
by Dr. Whitehead gave the results of a 
determination of corona-forming volt- 
ages for alternating and for positive 
and negative continuous voltages under 
similar conditions, and also qualitative 
indications of the correctness of Town- 
send's theory of ionization. Thesepapers 
were discussed by S. Dushman, J. B. 
Taylor, L. W. Chubb and F. W. Peek, 
Jr. with a closure by J. B. Whitehead. 
The third paper of the session Oscillat- 
ing Current Circuits by the Method of 
Generalized Angular Velocities, by V. 
Bush, was then read by the author. 
This paper gave a simple method of 
obtaining generalized angular velocities, 
frequencies and decrements of free 
oscillation by generalizing Kirchoff's 
law. A discussion followed by A. E. 
Kennelly, C. Fortescue, H. Fletcher and 
F. C. Fry with a closure by V. Bush. 
The fourth technical session, the D-C. 
Motor Control session, was ‘called to 
order by Chairman J. Franklin Stevens 
at 10:30 a.m. Friday the 16th. Mr. Н. 
D. James presented his paper entitled 
Industrial Controllers with Particular 
References to the Control of D-C. Motors. 
From a very complete series of experi- 
ments on 15-h.p. and 20-h.p. motors the 
author determined the practicability 
with automatic acceleration of oné-step 
short circuit of the armature resistor, 
and the use of one-step resistance for 
dynamic braking. The paper by K. L. 
Hansen, Analysis of Starting Charac- 
teristics of Motors, read by H. D. James 
in the absence of the author, gave a 
derivation of the mathematical ex- 
pressions for current, speed, torque and 
power during acceleration of shunt, 
series and compound motors. These 
papers were discussed by C. T. Evans, 
R. G. Widdows, J. H. Albrecht, R. H. 
McLain, J. B. Fisken, A. M. Gray, R. 
L. Goetzenberger, R. E. Hellmund, E. 
J. Murphy, E. H. Martindale, A. A. 
Gazda, F. W. Gay and C. G. Malott 
with closure by H. D. James. The final 
technical session, devoted to А-С. 
Motor Control was presided over by E. 
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H. Martindale. The first paper, Tran- 
stent Conditions іп Asynchronous In- 
duction Machines and thetr Relation to 
Control, by R. E. Hellmund, read by 
the author, discussed a number of tran- 
sient conditions immediately after 
changes in circuit connections are made, 
and the advisability of considering 
these conditions in control lay-out. The 
Performance of Polyphase Induction 
Motors under Unbalanced Secondary 
Conditions was read by the author, A. 
A. Gazda. This paper gave a demon- 
stration of the practicability under 
certain conditions of operating poly- 
phase induction motors with unbalanced 
and single-phase secondaries, making 
greatly simplified control apparatus 
possible. A discussion followed by W. 
B. Kouwenhoven, R. B. Williamson, 
A. E. Averrett, R. E. Hellmund, A. 
Simon, A. A. Gazda, H. D. James and 
C. F. Scott. Closures to both discus- 
sions were furnished by the respective 
authors. 

During the convention the following 
committee meetings were held: Wednes- 
day-Educational, Meetings and Papers, 
Sub-Committee 28 (Standards); Thurs- 
day-Electrophysics, Standards, Mem- 
bership, Power Stations, Military Clas- 
sification, Lighting and Illumination, 
Sub-Committee’s Nos. 3, 6 and 20A 
(Standards) and Board of Directors; 
Friday-Entertainment Committee. 

On Wednesday evening at 7:30 p.m. 
President Buck gave a dinner to the 


Board of Directors at the University 


Club. Following the dinner there was 
an informal discussion of various 
matters relating to the affairs and the 
future development of the Institute. 
On Thursday evening at 8 p.m. before 
a large audience in the auditorium of 
the Engineering Building R. A, Milli- 
kan, President of the American Physi- 
cal Society and Professor of Physics of 
University of Chicago, delivered a very 
interesting lecture in which he called 
attention to the close relation existing 
between the growth of engineering in 
general and advancement in the science 
of physics. He then cited ten of the 
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most important modern discoveries of 
physics. Prof. Millikan's lecture will be 
published in full in a future issue of the 
PROCEEDINGS. Preceding Prof. Milli- 
kans lecture, Major ]. H. Ешпеу, 
Engineer Reserve Corps and Capt. J. 
H. Cuntz, Signal Officers’ Reserve 
Corps, delivered addresses which are 
reviewed elsewhere in this issue. 

At the close of Prof. Millikan's lecture 
àlarge number of the members and their 
guests adjoined to Institute headquar- 
ters on the tenth floor. An enjoyable 
social hour was spent and light refresh- 
ments were served. 

The convention closed on Friday 
evening with a Dinner-Dance at the 
Hotel Astor at 7 p.m. This was attended 
by 329 members and guests. 


PAST SECTION MEETINGS. 


Baltimore.— January 19, 1917, Public 
Service Building. Subject: The Public 
Service Building. The various features 
of the building were explained by Messrs. 
Robert E. Lee Taylor, E. H. Tillman, 
W. R. Moulton, and C. L. Reeder. 
Attendance 33. 

Chicago.— January 22, 1917. Paper: 
“The Nature of the Power Require- 
ments of the Electrochemical Industry”’ 
by Е. A. Lidbury. Attendance 80. 


Cleveland.— January 15, 1917, Elec- 
tical League Rooms, Hotel Statler. 
Illustrated address by Mr. Norman 
Anderson on “Тһе Construction and 
Üperation of America's Great Talking 
Service— The Bell System". Attend- 
ance 60. 


Denver.—]anuary 19, 1917, Denver 
Athletic Club. Paper: “Preparedness in 
Snow Fighting" by W. L. Whitlock. 
Chairman L. H. Shute and Mr. James 
G. Doherty discussed Professor Harris 
J. Ryan's paper on “Porcelain Suspen- 
son Insulators” as presented before 
San Francisco Section on November 
24th. Attendance 30. 


January 25, 1917, Denver Athletic 
Club. Visit of Inspection to the United 
States Mint. Attendance 40. 
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February 7, 1917, Denver Athletic 

Club. Dinner of the Section at which 
Mr. John B. Fisken was the principal 
speaker. Mr. Fisken spoke on ‘Section 
Organization” and ‘‘The Washington 
Water Power Company and Its De- 
velopment’’. Attendance 19. 
. Detroit-Ann Arbor.— January 19,1917. 
Paper: ‘High-Frequency Oscillations 
and Insulation" by E. E. F. Creighton. 
Prof. Creighton illustrated his paper by 
experiments with high-frequency ap- 
paratus. Attendance 250. . 

Fort Wayne.—January 11, 1917. 
Commercial Club. Address by Mr. 
Peter Junkersfeld on ''Central Station 
Activities and Their Relation to the 
Public". Attendance 160. 

February 8, 1917, Commercial Club. 
Illustrated lecture by Mr. T. A. Boyle 
on “Тһе Sleeve Valve Motor”. At- 
tendance 155. 

Indianapolis-Lafayette.—]anuary 19, 
1917, Lafayette. Joint meeting of the 
Section in connection with the Annual 
Convention of the Indiana Engineering 
Society. Papers: (1) “Савев Before the 
Public Service Commission During the 
Past Year" by H. O. Garman; (2) 
"Public Utility Service as Affected by 
Local Conditions" by Peter Junkers- 
feld; (3) ‘‘Spark Method of Selecting 
Steel for Industrial Purposes” by J. Е. 
Keller; (4) ‘‘Flow Values Through a 
Manufacturing Plant” by Harrington 
Emerson; (5) "Report of Committee 
on Power Plants”; (6) "Report of Com- ` 
mittee on Buildings and Materials of 
Construction”; (7) "Evolution of Pub- 
lic Utility Regulation" by C. Francis 
Harding. 

Ithaca.—]anuary 19, 1917. Subject: 
The Three- Phase System in Theory and 
in Practise". Papers: (1) ‘‘Comparison 
of Delta and Y" by H. C. Emich; (2) 
"V-Connection" by D. К. Banks; (3) 
“Т-Соппесііоп” by Н. M. Strong; (4) 
Effect of Grounds and Unusual Condi- 
tions for Delta and Y-Connections'" by 
M. B. Huntington and A. C. Woodward; 
(5) ''Six-Phase Relations" by J. J. 
Ruiz; (6) “Effect of Higher Harmonics”’ 
by Ralph Bown. Papers were illus- 
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trated with experimental demonstra- 
tions. Attendance 45. 

Kansas City.—]anuary 31, 1917, Y. 
M. C. A. Paper: “Sign Lighting” by R. 
D. Obermeyer, presented by Mr. 
Thompson. Paper was illustrated by 
lantern slides. Attendance 12. 

Milwaukee.—February 14, 1917, Re- 
publican House. Illustrated lecture by 
Prof. Edw. Bennett on Wireless Tele- 
graphy’’. Attendance 130. 

Panama.—January 28, 1917, Balboa. 
Inspection of Balboa Dry Dock No. 1, 
conducted by Messrs. A. L. Bell and A. 
C. Garlington. Attendance 57. 

Philadelphia.—]anuary 8, 1917, En- 
gineers Club. Paper: ‘Industrial Engi- 
пеегіпр” by C. J. Russell. Attendance 
120. 


Pittsburgh.—February 13, 1917, 
Western Pennsylvania Engineering So- 
ciety. Paper: ''Street Lighting Speci- 
fications” by W. Edgar Reed. Joint 
meeting with Illuminating Engineers 
Society. Attendance 65. 


Pittsfield.— January 4, 1917, Wendell 
Hotel. Illustrated lecture by Mr. E. 
Blough on "Aluminum and Its Alloys”. 
Attendance 150. 

January 18, 1917, Wendell Hotel. 
Paper: ''Ship Propulsion" by W. L. R. 
Emmet. Paper was illustrated by 
stereopticon pictures. Attendance 135. 


Portland Section.—January 9, 1917. 
Address by Miss Edna Groves on 
"Home Economics Electrical". There 
was an informal dance after the address. 
Joint meeting with local section of N. 
E. L. A. Attendance 200. 


San Francisco.— January 26, 1917, 
Engineers Club. Paper: “боте Per- 
sonal Observations of the Electrification 
of the Norfolk and Western Railroad’’ 
by A. H. Babcock. Attendance 66. 


Schenectady.— January 4, 1917, Edi- 
son Club. Addresses as follows (1) 
"New Applications of X-Rays” by Dr. 
W. P. Davey; (2) “X-ray, A Key to the 
Structure of Matter" by Dr. A. W. 
Hull. Lectures were illustrated by 
stereopticon and motion pictures. At- 
tendance 350. 
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February 16, 1917, Edison Club Hall. 
Illustrated lecture by Mr. C. M. 
Olmsted on ‘Aircraft Accomplishments 
and Possibilities". Attendance 375. 

February 19, 1917, Union College. 
Lecture by Prof. W. L. Cathcart on 
"The Development of Our Fleet and 
Naval Stations". А number of local 
organizations were the guests of the 
Section at this meeting. Attendance 
950. 

Spokane.—January 19, 1917, Cham- 
ber of Commerce. Papers: (1) “Water 
System of City of Spokane" by A. 
Lindsay; (2) ‘‘Bridge Engineering in 
City of Spokane" by Morton Mac 
Cartney. Both papers were illustrated 
with lantern slides. Attendance 46. 

Toledo.—February 7, 1917, Toledo 
Commerce Club. Paper: “Тһе De- 
velopment of the Electric Range" by 
В. D. Wooley. Attendance 16. 

Toronto.— January 19, 1917, Engi- 
neers Club. Paper: ''Steel Conductors 
for Transmission Lines" by H. B. 
Dwight. Attendance 55. 

February 2, 1917, Engineers Club. 
Address by Mr. Paul M. Lincoln on 
"Maximum Demand Meters". Attend- 
ance 60. 


PAST BRANCH MEETINGS. 


Armour Institute.— February 6, 1917. 
А radio demonstration and lecture by 
Messrs. R. H. G. Mathews and H. D. 
Stevers. Attendance 36. 

University of Cincinnati.— February 
13, 1917. Paper: ‘Street Cars" by 
Thomas Elliot. Attendance 27. 

Highland Park College.— January 3, 
1917. Paper: "Rupturing Capacities of 
Circuit Breakers” by Stephen О. Hayes, 
abstracted by C. Von Lindman. АБ- 
stracts of Institute papers by Messrs. 
C. E. Cutting and E. Floodeen. At- 
tendance 20. | 

Iowa State College.—January17,1917. 
Address by Senator P. C. Holdoegel on 
“Тһе Method of Procedure for Or- 
ganizing and Financing a Public Utility 
Company”. Attendance 46. 

January 24, 1917. Lecture by Mr. C. 
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К. Underhill on 
Attendance 86. 

University of Kentucky.—January 15, 
19317, Mechanical Hall. Papers: (1) 
“Тһе Owen Magnetic Car" by M. J. 
Crutcher; (2) “Installation of Farm 
L:ghting Plants" by L. C. McClanahan; 
3. "New Bonding Methods Developed 
ier 150 Ib. Кай’ by Е. К. Robertson; 
4) "The Advantages of Using Oil in 
Transformers" by M. M. Montgomery. 
Attendance 23. 

Lafayette College.— January 20, 1917. 
Papers: (1) “Тһе Owen Magnetic Au- 
tamobile’’; (2) “Commercial vs. Munici- 
pal Stations". Attendance 18. 

Lehigh University.— January 18, 1917 
Physics Lecture Room. Papers: (1) 
"The New York Trip of the Senior 
Electricals” by С. C. Kehrer; (2) 
"Automatic Motor Control" by W. C. 
Jackson. 

University of Maine.— December 6, 
1416. Ilustrated lectures as follows; (1) 
“Uses and Applications of the G-E. 
Eiectric Motor" by E. R. Brawn; (2) 
"Substations" by У. E. Barrows. 
Attendance 48. 


University of Minnesota.— January 
19. 1917. Engineering Auditorium. 
Ii!ustrated lecture Бу Mr. C. В. Under- 
aul on''A-C.and D-C. Electromagnets”. 
Attendance 55. 

February 13, 1917, Engineering Audi- 
пит. Demonstration and lecture by 
Mr. Schwartz on “Тһе Automatic 
Telephone System, and Principles of 
Operation". Attendance 50. 


University of Missouri.— January 15, 
1417, Engineering Building. Paper: 
"Recent Developments in Heating and 
Cooking Apparatus” by C. J. Hubbard. 
Attendance 20. 

February 5, 1917, Engineering Build- 
jg. Paper: ‘‘Some Important Points in 
High-Voltage Transformer Design” by 
J.P. Savant. Attendance 27. 

Montana State College.— January 12, 
i17, Physics Lecture Room. Illus- 
бие lecture Бу Mr. А. D. Stewart on 
‘The Manufacturing Activities of the 
Westinghouse Company and the Op- 
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portunities for Students There”. At- 
tendance 44. | 

Nebraska.—February 7, 1917, Elec- 
trical Engineering Building. Paper: 
"Engineering Law” by Prof. Robins. 
Attendance 30. 

Ohio Northern University.— January 
24, 1917, Dukes Memorial. Illustrated 
lecture by Prof. J. A. Needy on ''The 
Steam Turbine". Address by Messrs. 
С. J. Rew and К. M. Boyle on “Recent 
Advances in Steam Turbine Design" 
and ''Turbo-Generators". Attendance 
38. 

February 7, 1917, Dukes Memorial. 
Papers: (1) “Pelton Water Wheels”; 
(2) "Water Power Development”; (3) 
"Big Creek Development’’. Attendance 
24. 

Ohio State University.—]anuary 19, 
1917, Robinson Laboratory. Paper: 
“Temperature Effects іп Transmission 
Line Spans” by Mr. Puchstein. At- 
tendance 22. 

February 9, 1917, Robinson Labora- 
tory. Lecture by Mr. Johnson on 
“Electrification of the Chicago, Mil- 
waukee and St. Paul”. Short talk by 
Mr. Linebaugh on ‘Regenerative Brak- 
ing". Attendance 49. 

University of Oklahoma.— January 
16, 1917, Engineering Building. Papers: 
(1) “Keokuk Hydroelectric Plant" by 
Arthur Erickson; (2) "Commonwealth 
Edison Company Plants" by Gilbert 
Heller; (3) “Inspection Trips” by L. W. 
W. Morrow. Attendance 22. 

February 13, 1917, EngineeringBuild- 
ing. Papers: (1) “Application of Elec- 
tricity in our New Chemistry Building” 
C. T. Hughes; (2) “Proposed Improve- 
ments in the Electrical Engineering 
Laboratory" by B. S. Schultz; (3) 
“Two Electric Inventions— The Wire- 
less Picture Machine and the Electric 
Titan" by J. D. Biggers. Attendance 24. 

Oregon Agricultural College.—Jan- 
uary 18, 1917. Papers: (1) "The Work 
of Relining a Tunnel” by Frank Bell; (2) 
"Speed Control of Motors" by F. A. 
Roehrig. Attendance 27. 

Pennsylvania State College.—Jan- 
uary 19, 1917, Address by Prof. Markle 
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on "Incandescent Lamps’’. Election of 
officers as follows—president, J. B. 
Kelly; vice-president, J. T. Brett; 
treasurer, J. B. Irwin; secretary, T. J. 
Haworth, Jr. Attendance 40. 

February 7, 1917. Address by Prof. 
Diemer on "Human Engineering". 
Attendance 33. 


Brooklyn Polytechnic Institute.—Jan- 
uary 19, 1917, Prospect Telephone 
Exchange. Inspection trip to the Pros- 
pect Exchange of the New York Tele- 
phone Company. Attendance 75. 

January 30, 1917, Mailloux Library. 
Illustrated lecture by Mr. R. A. Paine, 
Jr. on “Distribution System of the 
Brooklyn Edison Company”. Attend- 
ance 32. 


Syracuse University.—]anuary 11, 
1917. Paper: ‘‘Development and Con- 
struction of the Storage Battery” by M. 
J. Puente. Attendance 13. 

February 8, 1917. Paper: 'Manu- 
facture of Tungsten Lamps" by J. G. 
Coelho. Attendance 15. 

February 15, 1917. Discussion on 
"Municipal Lighting Plant vs. Public 
Utility Corporation". Attendance 15. 

Agricultural and Mechanical College 
of Texas.—]anuary 19, 1917. Papers: 
(1) “Possibilities of Hydroelectric De- 
velopments in South America” by J. А. 


Darby; (2) “Тһе General Electric 
Plants" by W. G. James. Attendance 
36. 


University of Texas.—January 26, 
1917. Papers: "Interior Illumination 
and Decotative Exterior Lighting" by 
L. M. Krausse; Illustrated lecture by 
Prof. J. M. Bryant on “Street Light- 
ing". Attendance 38. | 


Virginia Polytechnic Institute.—Jan- 
uary 9, 1917, Science Hall. Brief 
address on work done by V. P. I. men 
at the General Electric Plant. Address 
by Prof. S. R. Pritchard on ''The Na- 
tional Electric Light Association”. At- 
tendance 62. 

January 24, 1917. Address on “боше 
of the New Branches of Work that the 
General Electric Company has Taken 
Ор” by Н.В. Pfifer. Attendance 51. 
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University of Virginia.—]anuary 23, 
1917, Engineering Building. Reports on 
“Тһе Electric Progress of 1916" were 
given as follows—‘‘Electric Traction” 
by J. Н. Moore; “Рите Movers" by 
Chas. Henderson; “Electric Ship Pro- 
pulsion” by А. S. Wise; “Electric 
Vehicle" J. M. Malle; “Radio Teleg- 
raphy” by T. В. Bunting. Attendance 
16. | 

University of Washington.— January 
10, 1917, Forestry Hall. Lecture by Mr. 
G. H. Moore on “Hydroelectric Field- 
work”. Attendance 19. 


REINSTATED TO MEMBERSHIP 
FEBRUARY 15, 1917 


DycHE, Ночакр EDWARD, Assistant 
Professor of E. E., University of 
Pittsburgh, Pittsburgh, Pa. 

RIPLEY, CHARLES MEIGs, General Elec- 
tric Company, Schenectady, N. Y. 


MEMBERS ELECTED FEBRUARY 
15, 1917 


CUTTING, FULTON, President, Cutting 
& Washington Inc., 26 Portland St., 
Cambridge; res., Beverly, Mass. 


McGowan, HENRY E., Assistant Secre- 
tary, Brooklyn Union Gas Co. and 
Subsidiaries, General Manager, Flat- 
bush Gas Co., 176 Remsen St., 
Brooklyn, N. Y. 


MUNROE, HAROLD KNAPP, Assistant 
Superintendent of Power and Equip- 
ment, Tacoma Railway & Power Co.; 
res, 1726 М. Steele St., Tacoma, 
Wash. 


TRANSFERRED TO THE GRADE OF 
MEMBER FEBRUARY 16, 1917 


BARRETT, SAMPSON KIRBY, Assistant 
Professor of Electrical Engineering, 
Polytechnic Institute, Brooklyn, 
N. Y. 


Ві155, Louis DENTON, President, Bliss 
Electrical School, Washington, D. C. 
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DILLON, EDWARD PAUL, Assistant Man- 
ager, Railway & Lighting Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

EpGECOMB, HENRY R., Chief Engineer, 
Speer Carbon Co., St. Marys, Pa. 

GoRsUCH, WILLIAM SCHROFIELD, Engi- 
neer of Economics, Interborough 
Rapid Transit Co., New York, N. Y. 

GREENLAND, SAMUEL WILSON, General 
Manager, Fort Wayne & Northern 
Indiana Traction Co., Fort Wayne, 
Ind. 

MvLRONY, Marion A., Chief Engineer, 
Shaw Wireless Ltd., Sydney, Au- 
stralia. 


RECOMMENDED FOR TRANSFER, 
FEBRUARY 6, 1917 


The Board of Examiners, at its 
regular monthly meeting on February 6, 
1917, recommended the following mem- 
bers of the Institute for transfer to the 
grade of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 

To Grade of Fellow 
Нсхт, FRED L., Chief Engineer, Tur- 
ners Falls Power & Electric Co., 

Greenfield Electric Light & Power 

Co., Amherst Gas Co., Easthampton 

Gas Co., Agawam Electric Co., 

Ludlow Electric Light Co., Green- 

field, Mass. 

To Grade of Member 
РуснЕ, Ноулкр EDWARD, Assistant 

Professor of Electrical Engineering, 

University of Pittsburgh, Pittsburgh, 

Pa. | 
MEYER, FRANK J., Chief Electrical 

Engineer, Oklahoma Gas & Electric 

Co., Oklahoma City, Okla. 


ASSOCIATES ELECTED FEBRUARY 
16, 1917 


ANDERSON, GEORGE LINCOLN, Draughts- 
man, Bell Telephone Co. of Pennsyl- 
vania, 1631 Arch St.; res., 3105 
Frankford Ave. Philadelphia, Pa. 

*AsiRE, Horace W., Electrical Engi- 
neer, Quick Action Ignition Co.; res., 
113 E. Tutt St., South Bend, Ind. 
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BARNS, FREDERICK BALSTON, Operating 
Engineer, Philadelphia Electric Co.; 
res., 4132 Girard Ave., Philadelphia, 
Pa. 

BERNHARD, ALBERT H., Senior Student 
of Electrical Engineering, Polytech- 
nic Institute of Brooklyn; res., 92 
Woodruff Ave., Brooklyn, N. Y. 

BERTRAND, WILFRED EDISON, Super- 
intendent of Power, Woodbine Land 
& Improvement Co., Woodbine, N. J. 

BRADSHAW, WILLIAM M., Meter Engi- 
neer, Westinghouse Electric & Mfg. 
Co., East Pittsburgh; res., 400 
Whitney Ave., Wilkinsburg, Pa. 

*ВоквЕСК, WILLIAM B., Engineering 
Work, Sales Dept., Pacific Gas and 
Electric Co., 445 Sutter St., San 
Francisco; res., 32 Napier St., Oak- 
land, Cal. 

BUTCHER, WILLARD F., Yonkers Elec- 
tric Light & Power Co., Yonkers; res., 
601 W. 151st St., New York, N. Y. 

CHADWICK, RALPH H., Assistant Engi- 
neer, Transformer Dept., General 
Electric Co.; res., 836 W. Washington 
Blvd., Fort Wayne, Ind. 

DELEHANTY, WALTER JOHN, Construc- 
tion Foreman, Pacific Coast District, 
General Electric Со. 814 Rialto 
Bldg., San Francisco, Cal. 

*EcEE, GEORGE BENTON, Telephone 
Engineer, Bell Telephone Co.; res., 
2045 N. 8th St., Philadelphia, Pa. 

FALLON, WALTER ADDISON, Engineer 
and Statistician, Western Colorado 
Power Co., Montrose, Colo. 

*PAULKNER, LESLIE WILLIAM, Druggist, 
Watson Faulkner; гез., 806 S. Third 
St., Champaign, Ill. 

Екротоквк, Nicotas V., Automatic 
Developing Dept., Western Electric 
Co., 463 West St.; res., 2299 Loring 
Place, New Ycrk, N. Y. 

*FERGUSON, ROBERT SINDORF, Instruc- 
tor in Mathematics and Electrical 
Laboratory, Throop College of Tech- 
nology; res., 1640 N. Fair Oaks Ave., 
Pasadena, Cal. 

*FISHER, CLARENCE WILSON, Distribu- . 
tion Inspector, Philadelphia Electric 
Co., 1000 Chestnut St., Philadelphia; 
res., Ambler, Pa. 
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GIBSON, Oris, Civil Engineer, Keystone 
Dredging Co.; res., 355 Fair Oaks St., 
San Francisco, Cal. 

GRATIOT, JAMES T., Manager, Ma- 
chinery Dept., Fairbanks, Morse & 


Co., 1735 Wazee St.; res, 1533 
Madison St., Denver, Colo. 
*GROSSBARD, SOL, Junior Electrical 


Engineer, Public Service Commission, 
New York; res., 1067 E. 14th St., 
Brooklyn, N. Y. 

*GuEsT, HAROLD E., Draftsman, Wor- 
cester Electric Light Co.; res., 206 
West St., Worcester, Mass. 


*HANSEN, HERBERT CECIL, Ѕирегіп- 
tendent, Bristol Gas & Electric Co., 
Bristol, Va.-Tenn.; res., 412 Sixth St., 
Bristol, Tenn. 

HARTENSTEIN, Носо, Vice-President, 
Chas. H. Thrall Electrical Construc- 
tion Co., Neptuno and Monserrate, 
Havana, Cuba. 


HAYWARD, THOMAS J., Superintendent, 
Panama Telephone Co., Panama, 
R. P. 


*HIMMELSBACH, JESSE RUSSELL, Stu- 
dent, University of Washington; res., 
4629 21st Ave. N. E., Seattle, Wash. 


*HORNER, OLIVER Howanp, Electrical 
Engineer, Block & Veatch; res., 1918 
N. 17th St., Kansas City, Kans. 


*HOWARD, душ GOODALE, Instructor 
in Electricity and Electrical Machin- 
ery, Carnegie Institute of Technology, 
Pittsburgh; res., 1429 Montier St., 
Wilkinsburg, Pa. 

Новев, WILLIAM EDWARD, Secretary 
and General Manager, Electric Rail- 
way Improvement Co.; res., 1309 W. 
105th St., Cleveland, O. 


*KEHL, ROBERT JOSEPH, Mechanical 
Engineer, Oxweld Acetylene Co.; res., 
7141 Normal Ave., Chicago, Ill. 


KETTLEWELL, JOSEPH EARL, Power 
Plant Foreman, Yukon Gold Com- 
pany, Iditarod, Alaska. 


*KEWIN, GEORGE EDWIN, Construction 
Electrical Engineer, Hydro-Electric 
Power Commission of Ontario; res., 
965 Church St., Toronto, Ont. 
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*KISTLER, Коу EMANUEL, Night Fore- 
man, Power Transformer Testing 
Dept., General Electric Co., Pitts- 
field, Mass. 

*KRarT, CHRIS H., Assistant Engineer, 
Electric Co. of Missouri; res., 18 W. 
Cedar, Webster Groves, Mo. 

KREY, BENJAMIN H., Electrical Engi- 
neer, New York Central Railroad Co., 
Grand Central Terminal; res., 521 W. 
112th St., New York, N. Y. 

LAFEVER, HAROLD H., Assistant Field 
Engineer, Gibbs & НШ, Pennsyl- 
vania Station, New York, N. Y.; res., 
Welch, W. Va. 

Lais, RAYMOND А., Superintendent, 
Electric Products Co., 1067 E. 152nd 
St.; res., 566 E. 117th St., Cleveland, 
O. 

*LATIMER, CHESTER W., Assistant Elec- 
trical Engineer, Marconi Station, 
Louisburg, N. S., Canada. 


*LEDERMANN, FRANK, Senior Student 
in Electrical Engineering, Brooklyn 
Polytechnic Institute; гез., 882 Ап- 
thon Ave., Brooklyn, N. Y. 


*Lisr, EDGAR GEORGE, Maintenance 
Engineer, Utah Power & Light Co., 
Olmsted, via Provo, Utah. 


*MAHAN, ]онм HENRY, Specification 
Writer, Bell Telephone Co., 1211 Arch 
St., Philadelphia, Pa.; гез., 314 S. 
Clinton Ave., Trenton, М. ]. 

*McGuiRnE, JOHN PERRY, Construction 
Foreman, Construction Dept., Gener- 

. al Electric Co., Schenectady, N. Y. 


*McLay, ANGUS DANIEL, Sales Engi- 
neer, Detroit Edison Co.; res., 37 
Alexandrine Ave. E., Detroit, Mich. 


*MENDENHALL, CHARLES ALEXANDER, 
Telegraph and Telephone Engineer, 
Interstate Commerce Commission, 
San Francisco; res., 2006 48th Ave., 
Oakland, Cal. 

* MERTZ, KARL J., Assistant to Electri- 
cal Engineer, Electric Power Dept., St. 
Paul Gas Light Co.; res., 523 Laurel 
Ave., St. Paul, Minn. 

METZGER, А. BURTON, Inspector, 123 
William St., New York; res., 4804 
Eleventh Ave., Brooklyn, N. Y. 
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Morey, LEONARD, Sales Engineer, 
Electric Products Co., 1067 E. 152nd 
St.; res., 1840 Е. 81% St., 
Cleveland, O. 

Morrow, LINN OsBORN, Sales Engineer, 
Cutter Electrical & Mfg. Co., 19th & 
Hamilton; res., 4502 N. Seventh St., 
Philadelphia, Pa. 

NELSON, JOHN EDWARD, Salesman, 
Hertner Electric & Mfg. Co.; res., 
10113 Hempden, Cleveland, O. 

'NoE, Epwangp Т. Jr. Meterman, 
Testing Laboratory, Philadelphia 
Electric Co.; res., 3311 N. 17th St., 
Philadelphia, Pa. 

NORTON, Fay ARTHUR, Engineer, Cut- 
ler Hammer Mfg. Co.; res., 172 16th 
St., Milwaukee, Wis. 

NOTVEST, GUILLAUME ROBERT, General 
Foreman, Switchboard Dept., Elec- 
tne Products Co., 1067 E. 152nd 
St, Cleveland; res., Mosspoint, Eu- 
clid, О. 

*PATTEE, CLYDE, Plant Dept., Oregon- 
Washington Telephone Co., Hood 
River, Ore. 

"PERRY, WILLIAM WALTER, Superin- 
tendent of Substations, Pennsylvania 
Utilities Co.; res, 33 М. 9th St., 
Easton, Pa. 

REED, ALEXIS JOSEPH, Engineer, Equip- 
ment Dept., Pacific Telephone & 
Telegraph Co., 623 Sheldon Bldg., 
Зап Francisco; гез., 5920 Colby St., 
Oakland, Cal. 

RITTER, JAMES BRADFORD, Cadet Engi- 
neer, Philadelphia Electric Co.; res., 
1*0 E. Walnut Lane, Germantown, 
Philadelphia, Pa. 

"RoBERTS, SPENCER, Assistant Engineer, 
Bureau of Engineering, Public Service 
Commission of Pennsylvania, 129 N. 
ith St., Harrisburg, Pa. 

"Ковіхѕох, GORDON DUDLEY, Instruc- 
tor, Electrical Engineering Dept., 
Pennsylvania State College; res., 223 
E. Nittany Ave., State College, Pa. 

Ri bis, О. W., Office Engineer, Union 
Traction Company of Indiana; res., 
917 Chase St., Anderson, Ind. 

SALBERG, JOHN, Representative, West- 
inghouse Electric & Mfg. Co., 1052 
Gas & Electric Bldg., Denver, Colo. 
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ScHNAKE, HENRY C., General Superin- 
tendent, L. K. Comstock & Co., 30 
Church St.; res., 552 W. 174th St., 
New York, N. Y. 

SENIOR, Davip B., Chief Electrician, 
New York Public Library, 42nd St. 
& Fifth Ave.; res., 4283 Katonah 
Ave., New York, N. Y. 

*SHAND, ERROL BERTRAM, Power Engi- 
neering Div., Westinghouse Electric & 
Mfg. Co., East Pittsburgh; res., 500 
Todd St., Wilkinsburg, Pa. 

*SHEFFLER, Morris, Sales Engineer, 
Whitlock Coil Pipe Co.; res., 107 
Bellevue St., Hartford, Conn. 

*SMILEY, GLENN WonTH, Cost, Esti- 
mating and Progress Electrical Engi- 
neer, Detroit Edison Co.; res., 186 
Kirby Ave. W., Detroit, Mich. 

STANLEY, FRANK А., Editorial Repre- 
sentative, American Machinist, Hill 
Publishing Со., New York, N. Y.; 
res., 21 Mill St., Reno, Nevada. 

*STICHT, ROBERT ERNEST, 140 Hillside 
Ave., Woodhaven, N. Y. 

STOKES, CHARLES WILLIAMS, Manager, 
Siemens Co. of Canada Ltd., 1000 
Transportation Bldg.; res., 276 Pine 
Ave. W., Montreal, Que. 

SULLIVAN, FRANK JOSEPH, Plant Supcr- 
visor, Michigan State Telephone Co.; 
res., 296 Cortlandt Ave. Detroit, 
Mich. 


*TAYLOR, ARCHIBALD ROGER, Assistant 
Superintendent, City Light & Trac- 
tion Co.; res., 241 S. Quincy St., 
Sedalia, Mo. 

*TEAR, Harry RAYMOND, Assistant 
Engineer, Service Div., State Public, 
Utilities Commission, Springfield; 
res., 55 S. Anderson St., Aurora, Ill. 

TizLEY, ARTHUR JAMES, General Super- 
intendent, E. Е. Caldwell & Co., 
New York; гез., 15 Chester Court, 
Brooklvn, N. Y. 


VAN DER HOEVEN, C., Resident Mana- 
ger, Lindeteves-Stokvis, 11 Broadway, 
New York, N. Y. 

*WEISS, CHARLES GEORGES А., Main- 
tenance of Electrical Plant, Gimbel 
Brothers; res., 128 Convent Ave., 
New York, N. Y. 
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WHEADON, FREDERICK WILLIAM HER- 
BERT, Chief Engineer and General 
Manager, Adelaide Electric Supply 
Co. Ltd., Adelaide, South Australia. 


WIKLE, Носн H., Brush Епрійеег, 
Nungessor Carbon & Battery Works 
of National Carbon Co.; res., 17910 
Windward Rd., Cleveland, O. 


*WILSON, JAMES R., Foreman of Elec- 
trical Construction, Pittsburgh Rail- 
ways Co.; res., 126 Lincoln Ave., 
Edgewood, Pittsburgh, Pa. 


*WILLIAMS, Leonard Harrison, Auto- 
matic Attendant, Western Union 
Telegraph Co.; res., Central Y. M. C. 
A. Building, Atlanta, Ga. 


*WINDER, WILLIAM ALBERT, Testing 
Dept., Westinghouse Electric & Mfg. 
Co., E. Pittsburgh; res., 500 Todd 
St., Wilkinsburg, Pa. 

Моге, Kart, Electrical Draftsman, 
Chile Exploration Co., 120 Broadway; 
res., 3151 Decatur Ave., New York, 
М. У. 

Total 78. 

*Former enrolled Students. 


APPLICATIONS FOR ELECTIO 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a 
higher grade than Associate, the grade 
follows immediately after the name. 
Any member objecting to the election 
of any of these candidates should so 
inform the Secretary before March 31, 
1917. 


Adams, R. B., Missoula, Mont. 
Allison, F. (Fellow), Detroit, Mich. 
Altland, C. P., San Francisco, Cal. 
Anderson, O. V., Toronto, Ont. 
Ashley, A., New York, N. Y. 
Atmore, А. L., Philadelphia, Pa. 
Augustine, P., New York, N. Y. 
Babbitt, L. A., Philadelphia, Pa. 
Bailey, R., Philadelphia, Pa. 
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Barnes, E. J., (Member), Christchurch, 
N. Z. 

Barrow, G. M., East Pittsburgh, Pa. 

Beman, R. H., Atlanta, Ga. 

Bennington, E. T., Cleveland, O. 

Benneche, H. W., Great Falls, Mont. 

Berg, E. E., Spokane, Wash. 

Bergman, D. J. R., Santa Clara, Cal. 

Billheimer, C. R., Pittsburgh, Pa. 

Blakesley, G. R., Baraboo, Wis. 

Blum, A.N.( Member), Philadelphia, Pa. 

Bond, F. M., Philadelphia Pa. 

Bonine, J. H., Philadelphia, Pa. 

Braun, W., New York, N. Y. 

Broun, L. E., Joliet, ПІ. 

Brown, J. T., San Francisco, Cal. 

Bryans, H.B.( Member), Norristown, Pa. 

Byrne, W. S., Omaha, Neb. 

Caldwell, P. (Member), Pittsburgh, Pa. 

Campbell, W. T., Philadelphia, Pa. 

Cardoza, W. H., Ermita-Oriente, Cuba 

Garlington, A. C., Balboa, C. Z. 

Carter, O. S. Philadelphia, Pa. 

Cartmell, R. H., Detroit, Mich. 

Cartwright, A. N., Pittsburgh, Pa. 

Castleman, D. J., New York, N. Y. 

Chappell, W. H., Philadelphia, Pa. 

Cheeney, R. C., Medina, O. 

Christiansen, K.C.S., Niagara Falls, N. Y. 

Clapp, P. S., New York, N. Y. 

Clark, W. J., Pittsfield, Mass. 

Cochran, C. E., Cleveland, O. 

Conlee, F. M., Madison, Wis. 

Cordes, W. B., New York, N. Y. 

Cox, H. A., Middletown, М. Y. 

Crisfield, J. A. P., (Member), Philadel- 
phia, Pa. | 

Curry, W. А., New York, М. У. 

Curtis, R. E., Springfield, Mass. 

Dane, H. P. L., New York, N. Y. 

Davies, J. B., Jr., Birmingham, Ala. 

Deming, G. E., Norristown, Pa. 

Dewars, А. G., Minneapolis, Minn. 

Dieterich, F. C., Norristown, Pa. 

Dodd, S. M., Philadelphia, Pa. 

Dodge, W. J., San Francisco, Cal. 

Dollier,F.E. (Member), Philadelphia, Pa. 

Donaldson, R. D. (Member), Philadel- 
phia, Pa. 

Drew, E. C., Philadelphia, Pa. 

Duff, H. (Member), Allentown, Pa. 

Eales, H. W., St. Louis, Mo. 

Eilers, К. M., St. Louis, Mo. . 
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Elliott, E. B., Syracuse, М. Y. 
Ellis, J. W., Hammond, Cal. 
Ellis, W. C., Westfield, Mass. 
Epstein, S. A., Philadelphia, Pa. 
Forsgard, C. H., Childress, Tex. 
Fouraker, L. L., Philadelphia, Pa. 


Fraser, D. M., (Member), Toronto, Ont. 


Frazier, B. R., Pittsfield, Mass. 
Frisby, R. L., Chicago, Ill. 
Fuller, H. L., St. Louis, Mo. 
Galajikiau, H., Chicago, Ill. 
Goll, W. S., Ft. Wayne, Ind. 
Goodnow, Е. E., Chicago, Ш. | 
Gravell, J.H.( Member), Philadelphia, Pa. 
Green, H. H., Brooklyn, N. Y. 
Grossman, P., Milwaukee, Wis. 
Gugg, A. M., Denver, Colo. 
Hagensick, E. H., Omaha, Neb. 
Haines, L., Philadelphia, Pa. 
Haines, W. H., New York, N. Y. 
Hale, W. K., Denver, Colo. 


Hall, E. C.(Member), Washington, D.C. 


Hall, H. G., Mt. Clemens, Mich. 

Hall, L. T., Philadelphia, Pa. 

Harbaugh, W. M., Kansas City, Mo. 

Hart, R. D., Spokane, Wash. 

Hayes, J. M., Philadelphia, Pa. 

Hazzard, R. T., Hammond, Cal. 

Heinritz, W. J., Philadelphia, Pa. 

Hennessey, M. J., Philadelphia, Pa. 

Hersh, H., Milwaukee, Wis. 

Hillemeyer, J. E., Webster Groves, Mo. 

Hornberger, E. J., Philadelphia, Pa. 

Hubbell, J. W., Philadelphia, Pa. 

Husted, N. C., Brooklyn, N. Y. 

Huttinger, W. R. (Member), Philadel- 
phia, Pa. 

Ingham, C. R., Cedar Rapids, Ia. 

Ivanovski,G.L.(Member) NewYorkN.Y. 

Jansen, E. C., Denver, Colo. 

Jenkins, J. E., Philadelphia, Pa. 

Johnson, C. F., Richmond, Va. 

Johnson, L. C., Spokane, Wash. 

Jones, P. S., Milwaukee, Wis. 

Joyce, J. B., Jr., Montclair, N. J. 

Kaumheimer, E. A., Milwaukee, Wis. 

Kimmel, W. L. (Member), Spokane, 
Wash. 

Knowles, W., El Paso, Tex. 

Koch, H. J., Milwaukee, Wis. 

Kressly, H. C., Philadelphia, Pa. 

Lamb,F.B. (Member),Charleston, W.Va. 

L'Hommedieu,W.P., San Francisco,Cal. 


Little, E. W., New York, N. Y. 

Louden, J. G., Philadelphia, Pa. 

Lucas, H. N., Philadelphia, Pa. 

MacGillivray, H., New York, N. Y. 

Mancha, R., St. Louis, Mo. 

Maiklewitz, E. A., Denver, Colo. 

Mathews, C. E., Philadelphia, Pa. 

Mathews, I. B., Toledo, O. 

McCracken, W. W.(Member), Columbus, 
Ohio. 

McDonald, D. P., Ft. Wayne, Ind. 

McFarland, H., Cleveland, O. 

McIver, M. G., Newport News, Va. 

McLeod, W. R., Jersey City, N. J. 

Mellett, J. E. (Member), Atlanta, Ga. 

Merrill, B. M., Spokane, Wash. 

Meyers, W. H., Bridgeton, М. ]. 

Mitchell, W. A., Denver, Colo. 

Moore, N.S.,(Member),Philadelphia,Pa. 

Moore, R. V., Sylva, N. C. 

Neel, W. T., Philadelphia, Pa. 

Nesbitt, F. C., Columbus, O. 

Nevraumont, L. J., San Francisco, Cal. 

Nichols, J. B., Spokane, Wash. 

Nosek, L. F., Cleveland, O. 

Nugent, Е. R., New York, М. Y. 

Olsen, B., Spokane, Wash. 

Olsen, Н. N., Bayonne, N. J. 

Ong, C. G., Indianapolis, Ind. 

Ott, E. H., Cleveland, O. 

Oxer, G. C. (Member), New York, N. Y. 

Palme, A., Pittsfield, Mass. 

Parmenter, R. J., Chicago, Ill. 

Patitz, С. J., Chicago, Ill. 

Paustian, F. H., Omaha, Neb. 

Peabody, D. W. (Member), Atlanta,Ga. 

Penney, F. H. (Member), Schenectady, 
N. Y. 

Perkins, R. P., Philadelphia, Pa. 

Perley, F. G., Allentown, Pa. 

Pierce, C. A., Buffalo, N. Y. 

Pike, P. H., Philadelphia, Pa. 

Pillai, N. K., Assam, S. India 

Pomeroy, С. A., Ann Arbor, Mich. 

Ponsonby, A. A., Wilmington, Del. 

Prior, H. E., Washington, D. C. 

Prout, C., Springfield, Ill. 

Putnam, W. J. (Member), Urbana, Ill. 

Quayle, L. A., Cleveland, O. 

Quinton, T. C., Chicago, Ill. 

Rabbe, О. F., Toledo, O. 

Reddie, W. W., East Pittsburgh, Pa. 

Rhodes, M. A., Gilmore, City, Ia. 
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Rhodes, S. А., Chicago, Ill. 

Ritter, W. H., Chicago Heights, Ill. 

Roberts, E. A., Urbana, Ill. 

Roberts, W. S., Rock Hill, S. C. 

Sargl, G., Boston, Mass. 

Saunders, G. A., Toronto, Ont. 

Saunders, L., East Pittsburgh, Pa. 

Schneider, F. J., Philadelphia, Pa. 

Schroeder, G. (Fellow), Manchester, 
England 

Seares, L. V., Denver, Colo. 

Sharples, А. R., Philadelphia, Pa. 

Shurts, С. J., Perth Amboy, М. ]. 

Sifton, E. I., Hamilton, Ont. 

Sigman, J., Philadelphia, Pa. 

Silbert, R. H., Philadelphia, Pa. 

Silva, A. D., Cleveland, O. 

Sinelnick, Н. B., Jr., New York, М. Y. 

Sloan, R. D., Bozeman, Mont. 

Smith, B., Chicago, Ill. 


Smith, I.B., (Member),Philadelphia,Pa. 


Somes, H. E., Buffalo, N. Y. 
Stewart, L. D., Hurley, Wis. 


Stuart, F. C. (Member), Joliet, Ш. 
Tann, W. L., Schenectady, N. Y. 
Taylor, R., Philadelphia, Pa. 
Taylor, W. E., Manchester, England 
Thomson, G. C., Brooklyn, N. Y. 
Thompson, H. E., Jr., Chicago, Ill. 
Tideman, H. L. T., Chicago, Ill. 
Tomlinson, J. T., Etna, Pa. 


Tompkins, E. M. (Member),Chicago, Ill. 
Vickery, W.O. (Member), Trinidad,Colo. 


Volentine, P., Jersey City, N. J. 
Walker, H. N., Philadelphia, Pa. 
Walker, H. N., Spokane, Wash. 
Ward, G. A., Milwaukee, Wis. 
Warnick, J. H., Philadelphia, Pa. 
Watson, F. H., Philadelphia, Pa. 
Wetzel, W. C., Sharpsburg, Pa. 
Williams, S. B., Philadelphia, Pa. 
Williamson, H. M., Chicago, Ill. 
Wilson, A. R. (Member), Waco, Tex. 
Woodruff, B. H., Atlanta, Ga. 
Wright, G. I., Portland, Ore. 
Yates, P. B., St. Catherines, Ont. 
Zoll, R. C., Los Angeles, Cal. 
Total 207 
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STUDENTS ENROLLED FEBRUARY 
15, 1917 


8688 Mauk, C. E. Ohio State Univ. 
8689 Merton, E. J., Ohio State Univ. 
8690 Leon, L. K., Ohio State Univ. 
8691 Bender, H. D., Ohio State Univ. 
8692 Kindl, C. H., Carnegie Inst. Tech. 
8693 Levesque, L., Univ. of Toronto 
8694 Sumner, W. A., Yale University 
8695 Pinney, А. J., Univ. of Wisc. 
8696 Nelson, C. E., Throop Coll. Tech. 
8697 Kent, E. R., Mass. Inst. Tech. 
8698 Cowgill, L. B., Univ. of Wash. 
8699 Chamberlain, L. L., Ohio North- 
ern Univ. 
8700 Varcoe,L.R.,Kans.State Agri.Coll. 
8701 Glasser, C. E., Univ. of Nebr. 
8702 Windham, A. C., Univ. of Ala. 
8703 Stein, R. B., Purdue Univ. 
8704 LaBagh, L.J., Poly.Inst.of Bklyn. 
8705 Hotchkiss, G., Poly.Inst.of Bklyn. 
8706 Baxter, J. H., Univ. of Okla. 
8707 Aubert, F., Cornell Univ. 
8708 Herskowitz, L., Cornell Univ. 
8709 Jones, H. W., Jr., Cornell Univ. 
8710 Lopez, F. F., Cornell Univ. 
8711 McCune, J. E., Cornell Univ. 
8712 Jennings, A. G., Cornell Univ. 
8713 Myers, J. L., Cornell Univ. 
8714 Noll, L. H., Bucknell Univ. 
8715 Jackson,W.L.,A.& M.Coll.of Tex. 
8716 Brickson, R. A., Colo. Agri. Coll. 
8717 Feist, S., Stevens Inst. Tech. 
8718 Corliss, L. F., Cornell Univ. 
8719 Jevend, E. C., Univ. of Minn. 
8720 Wiatt, F. E., Bliss Elec. Sch. 
8721 Gladden, L. C., Ohio State Univ. 
8722 Ballinger, J. G., Univ. of Toronto 
8723 Smith, C. F., Univ. of Penna. 
8724 Gettlin, А. А., Univ. of Penna. 
8725 Billstein, A. E. F., Univ. of Pa. 
8726 Zippler, W. N., Univ. of Penna. 
8727 Leopold, C. S., Univ. of Penna. 
8728 Avery, L. J., Wentworth Inst. 
8729 Wilmeth, R. H., Univ. of Texas 
8730 Burkhart, C. S., Univ. of Texas 
8731 Wear, J. P., Jr., Univ. of Texas 
8732 Zuhlke, E., Jr., Univ. of Texas 
8733 Finlay, O. E., Univ. of Texas 
8734 Travers, N. E., Univ. of Texas 
8735 Clark, C. W., Univ. of Texas 
8736 Penn, D. M., Univ. of Texas 
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8737 
8738 
8739 
8740 
8741 
8742 
8743 
8744 
8745 
8746 
8747 
8748 
8749 
8750 
8751 
8752 
8753 
8754 
8755 
8756 
8757 
8758 
8759 
8760 
8761 
8762 
8763 
8764 

765 
8766 
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Morrison, G. K., Univ. of Cal. 
Arbuckle,R.M.,Washington Univ. 
Garrett, C. L., Lehigh Univ. 
Whitman, M. A., Univ. of Wash. 
Fox, H. N., Mich. Agri. Coll. 
Packard, K. S., Wentworth Inst. 
Quick, R. S., Univ. of Ill. 

Lurie, S. J., Univ. of Ill. 

Kliest, W. А., Univ. of Wash. 
Rice, С. R., Univ. of Wash. 
Ford, A. E., Mich. Agri. Coll. 
Dea, R., Wentworth Inst. 
Kongsted, L. P., Univ. of Wash. 
Lincoln, H. W., Univ. of Mich. 
Henry, O., Mich. Agri. Coll. 
Sunday, J. L., Penna. State Coll. 
Kibler, J. B., Okla. A. & M. Coll. 
McElroy, C.E., Okla.A. & M.Coll. 
Emmons, C.D.,Okla.A. & M. Coll. 
Birch, L. W., Ohio State Univ. 
Hawker, C. F., Ohio State Univ. 
McCall, J. B., Jr., Univ. of Pa. 
Spooner, D. C., Jr., Univ. of Pa. 
Jones, J. W., Univ. of Pa. 
Swisher, A. W., Univ. of Pa. 
Whittle, H., Univ. of Pa. 
Burstein, M. M., Univ. of Pa. 
Godshalk, E. L., Univ. of Pa. 
Molitor, F. W., Ohio Nor. Univ. 
Engelbart, C.L.,Wash. State Coll. 


8767 Friedman, M.C.,ArmourInst. Tech. 


8768 


169 
8/70 
8771 
8772 
8773 
8774 
8775 
8776 
8777 
8778 
8779 
8780 
8781 
8782 
8783 
8184 
8785 
8786 
8787 


Mathews, R. H. G., Armour Inst. 
Tech. 
Fisher, W. H., Penna. State Coll. 
Chadwick, G. L., Bliss Elec. Sch. 
Cox, C. C., A. & M. Coll. of Tex. 
Eagle, J., Ala. Poly. Inst. 
Lassiter, W. R., Ala. Poly. Inst. 
Andrews, G., Jr., Ala. Poly. Inst. 
Henry, E. B., Ala. Poly. Inst. 
Chappel, J. A., Ala. Poly. Inst. 
Jeffrey, L. L., Ala. Poly. Inst. 
Douglas, J. A., Ala. Poly. Inst. 
Bryan, C. K., Ala. Poly. Inst. 
Barron, W. W., Ala. Poly. Inst. 
Bailey, T. W., Ala. Poly. Inst. 
Howard, W. J., Ala. Poly. Inst. 
Shinholser, W. T., Ala. Poly. Inst. 
Pritchett, B., Ala. Poly. Inst. 
Weber, G. E., Jr., Ala. Poly. Inst. 
Walter, A. B., Jr., Ala. Poly. Inst. 
McElhose, I. H., Rensselaer Poly. 
Inst. 
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8788 Copley, К. M., Lewis Institute 
8789 Pearson, O. A., Lewis Institute 


` 8790 Fox, Е. H., Kansas Univ. 


8791 Glazier, F. S., Univ. of Utah 

8792 Brown,E. L., A. & M. Coll. of Tex. 

8793 Elliot, R. D., A. & M.Coll. of Tex. 

8794 Hanson, G.B., A. &M.Coll. of Tex. 

8795 Joyce, J. B., A. & M. Coll. of Tex. 

8796 Priester, L. А., Jr., A. & M. Coll. of 
| Tex. 

8797 Yates, C. C., A. & M. Coll. of Tex. 
8798 Kalogeras, S. G., David Ranken 
School of Mech. Trades 

Total 111 


PERSONAL. 


Mr. H. С. DEFFENBAUGH, who for 
several years has been cost engineer for 
the Rochester (N. Y.) Railway and 
Light Company has resigned to take the 
position as engineer and assistant to the 
secretary, Empire State Gas and Elec- 
tric Association, 29 West 39th St., New 
York. | 


MR. C. M. GARLAND, widely known 
as an expert in steam and gas power 
engineering, has assumed charge of the 
newly established Power Department of 
the Allen & Garcia Company of Chicago. 
Mr. Garland, a graduate of Vanderbilt 
University, served a one year apprentice 
ship with the Bullock Electric Com- 
pany; then two years with the Union 
Electric Light and Power, Company of 
St. Louis. For five years he was in- 
structor in mechanical engineering in 
the University of Illinois, then for three 
years became chief engineer of the 
Producer Gas Department of R. D. 
Wood 8: Co. For the last four years he 
has specialized in the design and con- 
struction of power plants. 


CHARLES Е. GRAY, consulting elec- 
trical engineer, of Winnipeg, Manitoba, 
has been elected controller for the City 
of Winnipeg for the ensuing year. 


MR. В. TSCHENTSCHER, who for the 
past thirteen years has been connected 
with the Illinois Steel Company of 
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Chicago, has severed his connection 


with that company to become general . 


superintendent of stee) plant of the 
Keystone Steel & Wire Co., Peoria, Ill. 
This plant will be ready for operation 
in a short time. 


Morton С. Lioyp, formerly tech- 
nical editor of Electrical Review and 
Western Electrician, has accepted a 
temporary appointment as associate 
engineer in the Bureau of Standards, 
Washington, D. C. 


ACCESSIONS TO LIBRARY 


This list includes books which have been pre- 
sented to the library of the A. I. E. E. and the 
U. E. S. during the past month, not including 
periodicals and other exchanges. 


Some Properties of Vibrating Telephone Dia- 
phragms. By A. E. Kennelly and H. O. 
Taylor. (Massachusetts Institute of Tech- 
nology, Electrical Engineering Dept. Bulle- 
tin No. 11, April 1916). (Gift of A. E. 
Kennelly). 


UNITED ENGINEERING SOCIETY 


A List of American Doctoral Dissertations printed 
in 1915. Prepared by Alida M. Stephens, 
Library of Congress. Washington, 1916. 
(Gift of W. P. Cutter). 

American Iron and Steel Institute. List of 
Officers, Directors, Members, Aug. 1, 1916. 
New York, 1916. (Gift of Institute.) 

American Scenic and Historic Preservation 
Society, Annual Report. 21st, 1916. 
Albany, 1916. (Gift of Society.) 

Appalachian Engineering Association. Transac- 
tions. Vol. VI, Nos. 37, 39, 41-46, 1910. 
(Gift of Library of Congress.) 

Calcium Carbide and Acetylene. 
G. G. Pond. State College, 
(Gift of Henry B. Koons.) 

Carnegie Steel Company. Standard Specifica- 
tions. Steel for bridges, buildings, locomo- 
tives, etc. Ed. 6. Pittsburgh, 1917. (Gift 
of Carnegie Steel Co.) 

Catalogue Studies. Vol. 45. 
Equipment & Supply Co.) 

Coal Tar Pitch. By J. M. Weiss. (Reprint from 
Journal of Industrial and Engineering 
Chemistry, Sept. 1916.) (Gift of Barrett 
Manufacturing Co.) 

Concrete Facts about Concrete Roads. Chicago, 
1916. (Gift of Portland Cement Associa- 
tion.) 

Concrete Sewers. Chicago, 1916. 
land Cement Association.) 


Concreting in Cold Weather. Chicago, 1916. 
(Gift of Portland Cement Association.) 


Ed. 3. By 
Pa., 1917. 


(Gift of Catalogue 


(Gift of Port- 
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Experimental Researches on the Skin Effect in 
Steel Rails. By A. E. Kennelly, F. H. 
Achard and A. S. Dana. (Reprinted from 
the Journal of the Franklin Institute, August, 
1916.) (Gift of Massachusetts Institute of 
Technology, Electrical Engineering Dept.) 


Farmer’s Handbook on Concrete Construction. 
Chicago, 1916. (Gift of Portland Cement 
Association.) 


Forests of Worcester County. The results of a 
forest survey of the fifty-nine towns in the 
County and a study of their lumber industry. 
Boston, 1917. (Gift of Massachusetts State 
Forester.) 

Lae de re Metallica. Liber 

(Gift of E. P. Mathew- 


Georgii Agricola. 
Primus. n.p. n.d. 
son.) 


International Railroad Master Blacksmiths’ 
Association. Report of the Proceedings of 
the 24th Annual Convention, 1916. Lima, 
1916. (Gift of Association.) 


Johnson's Steam Vessels of the Atlantic Coast: 
New York, Eads Johnson Publishing Со. 
1916. (Gift of Publisher.) 

This publication gives a complete list of the 
coastwise vessels on the Atlantic Seaboard, giving 
the name, date built, where built, and particulars 
with reference to the hull, engines and boilers. 
It is printed in convenient size for the pocket. 


Le Systéme dela Carte au Bureau. By J. Kaiser. 
Paris, 1914. (Gift of J. Kaiser.) 

Michigan Gas Association. Proceedings of 25th 
Annual Meeting n. p. 1916. (Gift of Asso- 
ciation.) 

National Advisory Committee for Aeronautics, 

Annual Report 15%, 1915. Washington 

1916. 

General specifications covering requirements 


of aeronautic instruments. Washington, 
1916. (Report No. 8.) 
Nomenclature for Aeronautics. (Report No. 


9) Washington, 1916. (Gift of Committee.) 


New York (City) Board of Education. Annual 
Financial and Statistica! Report of the 
Transactions. 1911-1915. New York, 1915. 
(Gift of C. W. Rice.) 


Norwich University, 1819-1911. Her History, her 
graduates, her roll of honor. Published by 
G. M. Dodge, compiled and edited by W. A. 
Ellis. Vol. 3. Montpelier, Vt., 1911. (Gift of 
W. A. Ellis.) 


Old Time Telegraphers and Historical Associa- 
tion. Annual Reunion 35th, 1916. New 
York, 1916. (Gift of Association.) 

Pulverized Fuel for stationary boilers on the 
Missouri, Kansas and Texas. (Reprint 
from Railway Mechanical Engineer, Oct. 
1916.) 

Pulverized Coal (Bulletin No. 10, Oct. 1916. 
Fuller Engineering Co.) 

Pulverized Coal for Open Hearths. (Reprint 
from Iron Trade Review, Nov. 2, 1910.) 
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Girt оғ LeHiGH CAR, WHEEL AND AXLE WORKS 


Santary and Engineering Industrial Standards. 
Union Hill, N. J., 1916. (Gift of New Jersey 
Department of Labor.) 

Stallforth & Company, Inc. Daily fluctuations 
tor October and November 1916 of Bar Silver 
(No. 1) Mexican Silver Pesos (No. 2), 
Mexican Fractional Currency (No. 3), 
Mexican Half dollars in New York (No. 4). 
(Gift of Company.) | 

Staliforth & Company, Inc. Dailycableexchange 
fluctuations for Nov. 1916 of London, No. 1; 
Paris, No. 2; Berlin, No. 3, and sight Petro- 
grad, No. 4. (Gift of Company.) 

State of New York at the Panama Pacific Inter- 
national Exposition, San Francisco, Cal. 
Feb. 20- Dec. 4, 1915. Albany, J. B. Lyon Со., 
1916. (Gift of Publisher.) 

Steel Mine Timbers. Tables and data on the 
properties and uses of sections. Ed. 7. 
Pittsburgh, 1917. (Gift of Carnegie Steel 
Company.) 

Tentative Valuation by Interstate Commerce 
Commission, Jan. 9, 1917. Winston-Salem 
Southbound Railway Company. (Gift of 
Clemens Herschel.) 

The Evening Post. Japanese Supplement. 
Dec. 30, 1916. New York, 1916. (Gift of 
C. H. Armstrong.) 

Traité d' Analyse. Vols. I-IV. By Н. Laurent. 
Paris, 1885. (Gift of J. В. Springer.) 

Traité des Monoyes. Vols. 1-2. By J. Boisard. 

Paris, 1714. (Gift of E. P. Mathewson.) 

Valuation of the property of New Orleans, Texas 
and Mexico Railroad Company. Before the 
Interstate Commerce Commission. Dec. 30, 

. 1916. (Gift of Clemens Herschel.) 

Valuation of the property of The Kansas City 
Southern Railway Company and of the 
Properties of its proprietary and subsidiary 
Companies. Before the Interstate Commerce 
Commission. Filed Dec. 30, 1916. (Gift of 

, Clemens Herschel.) 

Waterproofing. Vol. I, Nos. 1,37. New York, 

1907-08. (Gift of D. D. Berolzheimer.) 


Girt оғ CHARLES A. DOREMUS 


Avery, E. M. Elements of Natural Philosophy. 
N. Y. 1878. 


Creation and Deluge. Philadelphia, 1854. 
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Cavallo, T. Complete treatise of electricity in 
theory and practice. Lond. 1777. 

Daniel, A. Physics for students of medicine. 
Lond. 1896. ; 

Daniell, J. Е. Elements of Meteorology. Vol. І. 
London, 1845. 

Ferguson, Jas. Lectures on select subjects in 


mechanics, hydrostatics, pneumatics. Lond. 
1837. 

Gouge, H. A. New system of ventilation. N. Y., 
1870. ; 

Кафе, Henry. Textbook on Physics. М. Ү., 
1883. 

Lardner, Dionysius.  Handbooks of natural 

` philosophy and astronomy. First Course. 

Philadelphia, 1858. 
Popular lectures on Science and Art. 2 vols. 
М. У. 1846. 

Leger, Theo. Animal magnetism or Psyco- 


dunamy. N. Y. 1846. 


Loomis, Elias. Introduction to practical astron- 
omy. N. Y., 1855. 


Lyon, L. Treatise on lightning conductors. N. 
Y., 1853. 


Matteucci, C. Lectures on the physical phenom- 
ena of living beings. London, 1847. 


Muller, J. Principles of Physics and meteorology. 
Philadelphia, 1848. 


Noad, H. M. Course of eight lectures on elec- 

tricity, galvanism, etc. London, 1839. 
Lectures on Electricity. London, 1844. 
Manual of electricity. "Vols. I-II London, 
1855, 1857. 


Peck, W. G. Introductory course of natural 
philosophy for the use of schools and acade- 


mies. М. У. 1866. 
Renwick, Jas. Treatise on the steam engine. 
N. Y., 1830. 


Sabine, W. C. Student's Manual of a Laboratory 
course in Physical Measurements. Boston, 
1893. 


Sawyer, W. E. Electric Lighting by Incan- - 
descence. Ed.3. N. Y., 1882. 


Ventilation of the Capital. Washington, 1871. 


Walker, C. V. Complete course of Meteorology. 
Lond. 1845. 
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EMPLOYMENT BULLETIN 
Vacancies.— The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN. 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary’s office 
not later than the 20th of the month if publication in the following issue is de- 
sired. All replies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 


V-206. Wanted: Graduate Elec- 
trical Engineer, preferably with one or 
two years’ experience for sales depart- 
ment of a company devoting its energies 
to the manufacture of alternating-cur- 
rent apparatus. Correspondence con- 
fidential. Give all particulars. 


V-210. Wanted: Young man with 
technical education as sales engineer by 
company manufacturing a-c. motors; 
one acquainted in or around Cleveland 
preferred. Give synopsis of education 
and experience in first letter; also age 
and height. 


V-211. Wanted: Ап engineer who 
has a thorough knowledge of the design 
and application of switches, circuit 
breakers, and auxiliary apparatus for 
outdoor substations. Only those having 
had actual experience will be consid- 


ered. State in full qualifications and 
references. 
V-212. Sales Manager. Old and 


established manufacturer of electrical 
instruments and specialties in the 
middle West, with twenty district sales 
branches, desires a technically trained 
manager for sales department. Energy, 
ability and qualifications for position 
more important than experience. Must 
be experienced correspondent, have 
sales ability, and know how to get 
results. State age, training, experience, 
salary. 


V-213. Expert Electrical Drafts- 
man. Good opportunity for one famil- 
iar with shop practise and with practical 
experience in making working drawings 
for manufacture work. Good knowl- 
edge of electrical machinery and funda- 
mental principles of electrical design is 
necessary, and experience in radio work 
desirable, but not absolutely essential. 
Give full particulars regarding age, 
nationality, experience, etc. 


V-214. Wanted: Thoroughly quali- 
fied steam efficiency engineer, with 
operating experience and theoretical 
training. Duties, which involve travel- 
ling, principally examination of large 
steam turbine plants, analysis of opera- 
tion and introduction of improvements 
and economics. Salary adequate for 
position. Tact a requisite. Replies 
should give full record of qualifications 
and experience and should state salary 
required. 

V-215. Wanted: Designing Steam 
Engineer, familiar with modern turbine 
and central station practise, office posi- 
tion in New York, with some field work. 
Operating and construction experience 
desirable. Reply should give full partic- 
ulars of training and experience, and 
salary expected. 


MEN AVAILABLE 


681. Fellow A. I. E. E., Mem. A. S. 
M. E., F. L, etc., with broad business 
and technical training and experience, 
desires position as executive, manager, 
ог in organization work. Familiar with 
shop practise, organization, cost sys- 
tems, etc. Wide experience in opera- 
tion of power wagons, in their design, 


construction and purchase. Sales En- 
gineer. 
682. "Technical Graduate, (1910), 


six and a half years' experience in 
central station construction and opera- 
ting departments, and at present holding 
responsible position, desires position 


with engineering or manufacturing 
concern. 
683. Electrical Engineer, technical 


graduate, 11 years' experience as ap- 
prentice, draftsman and engineer, de- 
signing and constructing power stations, 
switchboards, overhead and under- 
ground extensions. Wishes position 
with operating company where hard 
work and initiative are appreciated. 
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Would consider position at present 
salary if outlook is good. 

684. Young Electrical Engineer, па- 
tive of Brazil, desires a position with a 
reliable concern interested in the estab- 
lishment of an efficient foreign trade 
with South America. Excellent refer- 
ences. 

685. Instructor in Electrical En- 
gineering. Degree of E. E., thorough 
business training, practical experience, 
and four years in teaching. Present 
engagement chiefly laboratory courses. 
Desires broader opportunity after July 
1. 


686. Mechanical and Electrical En- 
gineer, graduate Purdue Univ., age 36, 
four years manager boiler and,struc- 
tural shop, desires similar position with 
manufacturing or public service com- 


pany. Several years' experience in 
power plant work. Tactful, economical, 
progressive. 

687. Metering Engineer.  Experi- 


enced with instruments of all types and 
makes; accustomed to both laboratory 
and operating practise, adjustment, 
calibration, standardization,  oscillo- 
graph work and special electrical tests. 
Will take charge of meter department 
or electrical testing laboratory with 
operating concern, or will consider 
position with manufacturer. Gradu- 
ate; ten years’ practical experience. 

688. Assoc. A. I. E. E., with techni- 
cal education and experience, desires 
position with a light and power com- 
pany or railway :ompany. Experience 
in central station construction, opera- 
tion and testing. Had G. E. student 
course, experienced in chemistry, elec- 
trical drafting, construction, mainte- 
nance of signals, telephone and line 
transmission. Familiar with electrolysis 
surveys. 

689. Graduate Electrical Engineer 
(1916); desires position with company 
manufacturing or dealing in electrical 
supplies, where opportunity will be 
afforded to gain a broad experience and 
a chance for advancement. Any loca- 
tion. Now employed. 

690. Professor of Electrical Engi- 
neering in a university of high standing, 
desires to make a change, and will con- 
sider position offering opportunities for 
growth and advancement. My success 
as a teacher is unquestioned, and I have 
held responsible positions in engineering 
and commercial work. Successful writer, 
and author of two books. Available 
tor summer work in educational, en- 
gineering or commercial lines. 

691. Electrical Engineer, age 40, 
married. Twenty years in charge, 
hnancial and operating, of lighting, 
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railway and gas properties. Complete 
charge of hearings—appraisals and rate 
cases before utility commissions. Пе- 
sires position of equal responsibility 
where results count. Will consider а 
salary and percentage proposition. 
Slight knowledge of Spanish. 


692. Graduate Engineer, 33, mar- 
ried; desires position as superintendent 
and engineer, or assistant. Теп years' 
general experience in design, construc- 
tion, maintenance and operation of the 
different units of hydroelectric systems. 
Can handle men and business with tact 
and ability. Salary to start $1800. 


693. Assoc. А. I. E. E., age 25, 
married, high school and technical 
education; six years' experience draft- 
ing, substation design, power plant 
work, miscellaneous, motor and experi- 
mental test, shop work, and construc- 
tion foreman in substation construction. 
Desires position in design or construc- 
tion; prefer St. Louis locality. 


694. Electrical Engineer, technical 
graduate, with several years' experience 
in design, construction and operation of 
railway electrification for heavy traffic, 
is open for engagement after March 1. 


695. Distribution Engineer. Mem. 
A. I. E. E. Specialist in underground 
distribution, design and construction, 
is open for engagement or will design 
and supervise installations on a com- 
mission basis. 

696. Engineer-Electrician, age 33, 
17 years' practical experience in con- 
struction, maintenance and operation of 
steam, electric and other service supply 
companies. Location of troubles, clear- 
ing same. Specialized electric control 
and signal systems. Сап handle con- 
fidential investigations. Technical edu- 
cation nights. Will travel; married; 
reliable. 

697. Graduate Engineer, with ten 
years' experience in development of 
electrical apparatus for large manufac- 
turer desires to negotiate for a change 
in position. Especially familiar with the 
characteristics of materials used in the 
construction of such apparatus. Rea- 
son for change, the necessity of change 
of locality. Minimum salary consid- 
ered, $3,000. 

698. Electrical Engineer, capable 
of handling the electrical design and 
construction in hydroelectric plants, 
modern high-tension outdoor and in- 
door type of substations, small indus- 
trial substations, and distributing sys- 
tems. At present employed, but seeks 
position of greater responsibilities and 
opportunities with an optimistic operat- 
ing or construction company. 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 
(Term expires Juty 31, 1917) 
H. W. BUCK 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1917) 
PAUL M. LINCOLN 


(Term expires July 31, 1918) 
JOHN J. CARTY 


VICE-PRESIDENTS. 


(Term expires July 31, 1917) 
C. A. ADAMS 

J. FRANKLIN STEVENS 
WILLIAM McCLELLAN 


(Term expires July 31, 1918) 
B. A. BEHREND 

P. JUNKERSFELD 

L. T. ROBINSON 


MANAGERS. 


(Term expires July 31, 1917) 
FREDERICK BEDELL 
BANCROFT GHERARDI 
A. S. McALLISTER 
JOHN H. FINNEY 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY. 
RALPH W. POPE 


(Term expires July 31, 1917) 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN. 
W. P. CUTTER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.— 1884-1916. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8 
EDWARD WESTON, 1888-9. 

ELIHU THOMPSON, 1889-00 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
*LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02 


*Deceased. 


CHARLES F. SCOTT, 1902.3. 
BION J. ARNOLD, 1903-4 

JOHN W. LIEB, 1904-5 

SCHUYLER SKAATS WHEELER, 1905-6 
SAMUEL SHELDON, 1906-7 

*HENRY С. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 

C. O. MAILLOUX, 1913-14. 

PAUL M. LINCOLN, 1914-15. 

JOHN J. CARTY, 1915-16. 
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INSTITUTE COMMITTEES. 


Revised to March 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
H. W. Buck, Chairman, 
49 Wall Street, New York. 
N. А. Carle, George А. Hamilton, 
John Н. Finney, · William McClellan, 
Bancroft Gherardi, J. Franklin Stevens. 


FINANCE COMMITTEE. 

J. Franklin Stevens, Chairman, | 
1326 Chestnut Street, Philadelphia, Pa. 
М. А. Carle, Bancroft Gherardi. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman, 
General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, W. E. and M. Co. East 
Pittsburgh, Pa. 


Frederick edell, F. W. Peek, Jr. 
Philander Betts, F. L. Rhodes, 

H. H. Clark, D. W. Roper, 

J. G. De Remer, Pans 7. yan, 

H. A. Hornor, T. H. Schoepf 
Edward P. Hyde, Charles P. Steinmetz, 
L. E. Imlay, N. W. Storer, 


E. H. Martindale, Wilfred Sykes. 


EDITING COMMITTEE. 
W. I. Slichter, Chairman, 
Columbia University, New York. 
Frederick Bedell, T. Robinson, 
M. G. Lloyd, C. E. Skinner. 


CODE COMMITTEE. 
Farley 1088006, Chairman, 
3 Broad Street, Newark, N. J. 


. C. Forsyth, H. R. Sargent, 
B. Gear, С.А. Sawin, 

À. H. Griswold, A. M. Schoen, 

H. O. Lacount, George F. Sever, 


C. E. Skinner, 
H. S. Warren. 


BOARD OF EXAMINERS. 
S. McAllister, Chairman, 
261 W. 23rd Street, New York. 
B. Katte, W. I. Slichter, 
L. Rhodes, Philip Torchio. 


SECTIONS COMMITTEE. 
W. A. Hall, Chairman, 
General Electric Company. West Lynn, Mass. 


А. 
Е. 
Р. 


J. G. De Remer, Schoen, 
Paul M. Lincoln, г Н. Ттасу, А 
and the chairmen of all Institute Sections, 
ex-officio. 


MEMBERSHIP COMMITTEE. 
Harold Goodwin, Jr., Chairman, 


1000 Chestnut. treet, Philadelphia, Pa. 
G. M. Baker, W. G. Chace, 
S. H. Blake, H. W. Flashman, 


E. H. Martindale. 
and the chairmen of the Membership Committees 
of all Sections. 


PUBLIC POLICY COMMITTEE. 
Calvert Townley, Chairman, 
165 Broadway, МЕН York. 


E. A. Carolan, . M. Hunt, 

feba J. Carty, William McClellan, 
redk. Darlington: H. H. Porter, 
ano Dunn, C. S. Ruffner, 

John B. Fisken, A. M. Schoen, 


L. B. Stillwell, 
COMMITTEE ON DEVELOPMENT ОЕ 
WATER POWER 


John H. Finney, Chairman, 
509 ВЕ Bank Building, Washing- 


Р. 0. Blackwell. Nicholas S. Hill, Jr., 
тапс1$ Blossom, Е.А. Lof, 
Сапо Dunn, W. V. N. Powelson, 
L. B. Stillwell. 


- А. E. Kennelly, Сао 


STANDARDS COMMITTEE. 


C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretarv, 
University of Pennsylvania, p E Pa. 


P. G. Agnew, H obart 
Frederick Bedell, H. D. James, 
Joseph Bijur, P. Junkersfeld, 

. F. Blume, A. E. Kennelly, 
James Burke, G. L. Knight, 
G. A. Burnham, A. S. McAllister, 
N. A. Carle, W. M. McConahey, 
E. J. Cheney, W. L. Merrill, 
H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 
W. A. Del Mar, C. E. Skinner, 
E. J. Edwards, A. J. Slade, 
H. W. Fisher, . W. Storer, 


R. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, 
Harvard University, ие, Mass. 


C. A. Adams, Pupin, 
B. A. Behrend, M B. Rosa, 
Louis Bell, Charles F. Scott, 


1: Burke, Clayton H. Sharp 
ohn J. Carty, Samuel Sheldon, 
Gano Dunn, C. E. Skinner, 
H. M. Hobart, Charles P. Steinmetz, 
IUE W. Lieb, Elihu Thomson, 

B. Owens, Philip Torchio. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

O Maiden Lane, New York. 
Bion J. Arnold, Charles A. Terry, 
John F. Kelly, B. F. Wood, A 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1917. 
Robert T. Lozier, 


G. McMeen. 
Term expires July 31, 1918. 
H. W. Buck, F. A. Scheffler, 


J. Franklin Stevens. 


Term expires Ju uly 31, 1919. 
Charles F. Brush, . Storer, 
C. C. ЭНэ 


Term expires July 31, 1920. 
Carl Hering, Harris J. Ryan. 


Term expires July 31, 1921. 
Eglin, ancroft Gherardi, 
E. W. Rice, Jr. 


Elected by the Board of Directors from its own 
membership for lerms of two years. 


Term expires July 31, 1917. 
B. A. Behrend, Paul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 
C. A. Adams, Harold Pender, 
C. E. Skinner. 


Ex-Officio. 
H. W. Buck, President, 


George A. Hamilton, Treasurer, 
L. Hutchinson, Secretary. 


W. C. L. 


— 
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TECHNICAL COMMITTEES. 
Revised to March 1, 1917. 


POWER STATIONS. 


J. G. De Remer, Chairman, 

100 Broadway, New York. 
J. M. Drabelle, > A. Moss, 
C. C. Egbert, В. J.S. Pigott, 
W. S. Gorsuch, Cecil Poole, 
John Harisberger, E. F. Scattergood, 
А. H. Kruesi, Е.А. Scheffler, 
Paul M. Lincoln, W. R. Thompson, 
Wynn Meredith, Philip Torchio, 
I. E. Moultrop, H. L. Wallau, 

B. F. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 

ere Falls Power Co. . Niagara Falls, М. Y. 

H Barre, P. M. Lincoln, 

M. T. Crawford, W. E. Mitchell, 

E. E. F. Creighton, G. J. Newton, 

H. H. Dewey, L: Nicholson, 

P. M. Downing, W. D. Peaslee, 

H. W. Fisher, Stefaan Piek, 

F. A. Gaby, С:-5. Ruffner, 

W. T. Goddard, H. J. Ryan, 

O. A. Havill, F. D. Sampson, 

R. F. Hayward, Н. E. Shedd, 

J. P. Jollyman, Julian C. Smith, 
P. H. Thomas. 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman. 
Westinghouse E. & M. к, 


Harry Н. Adams, . Kearny, 
А. H. Babcock, William McClellan, 
Reinier Beeuwkes, John Murphy, 

. J. Blair, W. B. Potter, 
L. P. Crecelius, E. D. Priest. 
J. V. Duer, Charles H. Quinn, 
George Gibbs, Clarence Renshaw, 
W. J. Harvie, А. S. Richey, 
Hugh Hazelton, Charles F. Scott, 
E. B. Katte, John B. Taylor, 


H. S. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Co., Cleveland, Ohio. 


. Cope, G. A. Johnstone, 

J. H. Davis, С.А. Kelsev, 
James Dixon, C.-L. Kennedy, 
A. M. Dudley, Charles D. Knight, 
Herbert D. Dwight, A. H. Lawton, 
F. W. Ells, A. M. MacCutcheon, 
. E. Fries, А. С. Pierce, 

В. Fishback, 1265 M. Smith, 
R. H. Goodwillie, Weichsel, 
A. L. Hadley, J. B. Wiard, 


R. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 
G. N. Chamberlin, Richard C. Powell, 


C. E. Clewell, E. B. Rosa, 

J. R. Cravath, W. D'A. Rya 

T. S. Perkins, oon H. Ekar: 
W. M. Skiff 


ECONOMICS OF ELECTRIC SERVICE. 


Philander Betts, Chairman, 
790 Broad Street, Newark, N. J. 
Harold Almert, A. H. Kruesi, 
W. H. Blood, Jr. William McClellan, 
Fred A. Bryan, Norman C. McPherson, 
L. Cor Allard Smith, 
Harry Clifford Eddy, W.G. Vincent, 
W. B. Jackson, George W. Wittemore, 
Clifton, W. Wilder 


East Pittsburgh, Pa. 


PROTECTIVE DEVICES. 
D. W. Roper, Chairman, 


72 W. Adams St., Chicago, Ш. 
L. L. Elden, А. А. Меуег, 
G. Faccioli, L. C. Nicholson, 
V. E. Goodwin, N. L. Pollard, 
E. M. Hewlett, S. D. Sprong, 


Paul M. Lincoln, шр, Torchio, 


H. R. Woo 
ELECTROCHEMISTRY AND ELECTRO- 
METALLURG 

T. H. Schoepf, Chairman, 

W.E. and M. Co., East Pittsburgh, Pa. 
Wesley J. Beck, F. G. Liljenroth, 
F. A. J. Fitzgerald, PES F. Roeber, 


А. Е. Ganz, Seede, 
Е. А. Lidbury, Е Tschentscher. 
ELECTROPHYSICS. 

F. W. Peek, Jr., Chairman, 

General Electric Company, Pittsfield, Mass. 
Frederick Bedell, E. B. Rosa, 
А. С. Crehore, Harris J. Ryan, 
G. Faccioli, ср Н. Sharp р, 
C. L. Fortescue, С. Steinmetz, 
W. S. Franklin, P. Н. Thomas, 
А. E. Kennelly, J. B. Whitehead. 


TELEGRAPHY AND TELEPHONY. 


F. L. Rhodes, Chairman, 

195 Broadway, New York. 
E. F. W. Alexanderson, Kempster B. Miller, 
R. E. Chetwood, . Mouradian, 
M. M. Davis, W. O. Pennell, 
C. L. Fortescue, Allard Smith, 
H. M Friendly, John S. Stone, 
F. B. Jewett, John B. Taylor, 
S. M. Kintner, . L. Wayne, 3r4. 
Wm. Maver, Jr., С. M. Yorke, 

MARINE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th & Chestnut Sts., 
delphia, Pa. 
D. M. Mahood, Secretary, 
Sperry Gyroscope Company 
Manhattan Bridge Рза" Brooklyn, N. Y. 


Phila- 


R. B. Chillas, Jr., Guy Hill, 
M. W. Day, O. P. Loomis, 
G. E. Edgar, С. А. Pierce, Jr., 
W. L. R. Emmet, H. M. Southgate, 
W. R. Furlong, E. A. Sperry, 
H. L. Hibbard, Wilfred Sykes, 

F. W. Wood. 


COMMITTEE ON USE OF ELECTRICITY 
N MINES 


H. H. Clark, Chairman, 
U. S. Bureau of Mines, 
40th & Butler Streets, Pittsburgh, Pa. 
Frank E. Alexander, L. С. Ilsley, 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, Charles Legrand, 
W.A A. Chandler, Charles M. Means, 
F. J. Duffy, K. A. Pauly, 
H. M. Warren. 


IRON AND STEEL INDUSTRY. 
Wilfred Sykes, Chairman, 
Box 242, East Liberty, Pa. 


S. C. Coey, A. G. Pierce, 

F. B. Crosbv, . C. Reed, 

E. Friedlaender, . Tschentscher, 

E. S. Jeffries, Brent Wiley, 

D. M. Petty, R. B. Williamson 
J. H. Wilson. 


EDUCATIONAL COMMITTEE. 
W. I. Slichter, Chairman. 

Columbia University, New York. 
Alexander Gray, William McClellan, 
E. J. Henkhe, Chester W. Rice, 
E. А. Loew, C. E. Skinner 

В. D. Thomson, 
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SPECIAL COMMITTEES. 
Revised to March 1, 1917. 


REORGANIZATION OF TECHNICAL COM- 
MITT EES. 


L. T. Robinson, Chairman, 
General Electric Company,Schenectady, N.Y. 
F. L. Hutchinson, H. H. Norris, 
А. S. McAllister, . Franklin Stevens, 
N. W. Storer. 


COMMITTEE ON STUDENT BRANCHES. 


C. W. Green, Chairman, 
Massachusetts Institute of Technology, Boston, 


Mass. 
Alexander Gray, E. A. Loew, 
C. Francis Harding, W. S. Rodman, 
. F. Scott. 


PROPOSED RESERVE CORPS OF 
ENGINEERS. 
Bion J. Arnold, Chairman, | 
105 South La Salle Street, Chicago, Ill. 


John Harisberger, A. M. Schoen, 
Ralph D. Mershon, Charles W. Stone. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 
А. H. Babcock, John F. Kelly, 
Gano Dunn, А. S. McAllister, 
Schuyler Skaats Wheeler. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 


Ralph D. Mershon, Paul M. Lincoln, 
C. O. Mailloux, John J. Carty. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Gano Dunn, Samuel Sheldon, 
Calvert Townley. 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


Harold Pender, Edward D. Adams, 
W. I. Slichter, Samuel Sheldon, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 
The chairman of the Institute's Code Committee. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 
Edward Caldwell. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 
W. S. Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF МА- 
TIONAL ENGINEERING SOCIETIES. 


Calvert Townley, William McClellan, 
John J. Carty. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 
Charles F. Scott, Samuel Sheldon. 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 


Parley Osgood, F. B. H. Paine, 
Percy H. Thomas. 


ON JOINT NATIONAL COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
aul Winsor. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. | 


А. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 
F. B. Jewett. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 
Benjamin С. Lamme, | Frank J. Sprague. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 


Gano Dunn, William McClellan, 
John H. Finney, Charles W. Stone. 
Calvert Townley. 


ON JOINT COMMITTEE ON METRIC 
SYSTEM. 
A. E. Kennelly, 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, М. А. Carle, 
P. Junkersfeld. 


LOCAL HONORARY SECRETARIES. 


Guido Semenza, N. 10 Via S. Radegonda, шэг 

taly. 

Robert Julian Scott, Christchurch, New Zealand, 

T. P. Strickland, N. S. W. Government Railways, 

Sydney, N. S. W. 

W. G. T. Goodman, Adelaide, South Australia. 

James S. Fitzmaurice, Perth, West Australia. 
L. A. Herdt, McGill Univ., Montreal, Que. 

Henry Graftio, Petrograd, Russia. 

Richard O. Heinrich, Genest-str. 5, Schoeneberg, 

Berlin, Germany. 

A. S. Garfield, 45 Boulevard Beausejour Paris, 

16 E., France. 

Harry Parker Gibbs, Tata Hydroelectric Power 

Supply Co., Ltd., Bombay, India. 

John W. Kirkland, Johannesburg, South Africa. 
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Name and when Organized 

Atlanta............... Jin 
Baltimore............. ec 

ов(оп................ Feb 
Сһісасо...................... 
Cleveland.............Sept 
Denver............... May 
Detroit-Ann Arbor..... Jan. 
Fort Wayne........... Aug. 
Indiana polis-Lafayette. . Jan. 
Ithaca................ Oct 
Kansas City, Mo....... Apr. 
Los Angeles........... May 
5 ТТТ КЕЛЕ Aug 

adison.............. Jan 
Мехісо............... ес 
Milwaukee............ Feb 
Minnesota............ Apr. 
Panama.. . . Oct. 
Philadelphia.. A Feb 
Pittsburgh............ Oct 
Pittsfield..............Mar 
Portland, Ore.......... May 
Rochester...... .. Oct 
St. Louis............. Jan 
San Francisco . Dec 
Schenectady........... Jan 
Seattle................ Jan 
Spokane.............. Feb 
Toledo............. June 
Toronto............... Sept 
Urbana............... Nov 
Vancouver............ Aug. 
Washington, D. C......Apr 


Total 33 


Name and when Organized 


Agricultural and Mech. 
College of oa .... Nov. 12, 
Alabama Poly. Inst.. 


Alabama, U 


Brooklyn Poly. Inst... . 
Bucknell University.. 


niv. of...... 
Arkansas, Univ. of 


Armour Institute.... 


California, Univ. of..... 
Carnegie Inst. of Tech.. May 18, 


Cincinnati, Univ. of 


s.s.s. 


. ..Feb. 
.Jan. 14, 
..May 


эг 


10, 


26, 


17, 


Clarkson Col. of Tech...Dec. 10, 
Clemson Agricultural Col. Nov. 8, '12 


Colorado State Agricul- 


tural College 


Feb. 


11,” 


{March 


LIST OF SECTIONS 


Chairman 
A. M. Schoen 


J. B. Whitehead 
Geo. A. Burnham 
Taliaferro Milton 


E. W. P. Smith 
H. S. Sands 

A. A. Meyer 

J. J. Kline 


J. L. Wayne, 3rd 


F. Bedell 


A. A. Thompson 
R. H. Manahan 
Gordon Campbell 


F. A. Kartak 
F. W. Ells 
R. J. S. Carter 


Earl J. Atkisson 
Н. Р. Ілуетѕ іе 


С. C. Hecker 
V. E. Goodwin 
L. T. Merwin 
O. W. Bodler 


A.McR. Harrelson 
J. E. Woodbridge 


C. E. Eveleth 


C. E. Magnusson 
D. F. Henderson 


W. E. Richards 


E. T. J. Brandon 


I. W. Fisk 
F. Hayward 


Arthur Dunlop 


Revised to March 1, 1917. 


Secretary 


H.E.Bussey,3d Nat. Bk. Bldg.Atlanta,Ga. 


L.M.Potts, Industrial Bldg., Baltimore, Md. 

Ira M. Cushing, 84 State St. Boston, Mass. 

W. J. Crumpton, 111 W. Monroe St., 
Chicago, Ill. 

Bruce . David, Lincoln Electric Co., 
Cleveland, Ohio. 

Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 

A. Oakes, 433 West Forest Ave., Detroit, 


Mich. 

В. B. Roberts, С. E. Со., Fort Wayne, Ind. 

C. А. Cora, care Central Union Tel. Co. 
Indianapolis, Ind. 

William Deans, Franklin Hall, 
Univ., Ithaca, N. Y. 

enn Ол О. Brown, 5519 Tracy Ave., Kansas 

it 

Carl E Tok naon, 459 East Third Street, 
Los Angeles, Cal. 

M. B. Carroll, G. E. Co., West Lynn, Mass 

L. E. A. Kelso, University of Wisconsin, 
Madison, Wis. 

H. P. Reed, oee emmer Mfg. Co., 
Milwaukee, 

Vernon 5. Beck, "Beck Elec. Const. Co., 
Minneapolis, Minn. 

C. W. Markham, Balboa Heights, C. Z. 
. F. James, 14th Floor, Widener Bldg., 
Philadelphia, Pa. 

F. E. Wynne, W. E. 
East Pittsburgh, Pa. 

E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 

J. C. Martin, Pacific Power and Light Co., 
Portland, Oregon. 

Lucien Buck, 1416 Lake Avenue,.Ro- 
chester N. Y. 

H. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo. 

A. G. Jones, 811 Rialto Building, San 
Francisco, Cal. 

H. L. Andrews, General Electric Company 
Schenectady, N. Y. 

C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 

C. M. Fisher, Washington Water Power 
Company, Spokane, Was 


Cornell 


and M. Company, 


Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, Ohio. 
Wills Maclachlan, 910 Excelsior Life 


Building, Toronto, Ont. 

L. V. James, Univ. of Illinois, Urbana, Ill. 

T.H. Crosby, Canadian Westinghouse Co., 
Vancouver, B 

Louis G. Freeman, 717. S. Geological Sur- 
vey, Washington, D.C 


LIST OF BRANCHES 


10 


Chairman 


M.M.Bridgewater 


W. W. Hill 

A. L. Wilson ^ 
Ralph H. Earle 
Paul G. Wehle 
N. J. Rehman 
Marc Holzer 
E. G. Peterson 
R. L. Utley 

H. H. Plank 


D. H. Banks 


H. W. McKinley 


Secretary 


L. E. Tighe, College Station, Tex. 
L. I. Davis, Auburn, Ala. 
А. Е. Frazer, University, Ala. 
W. Teague, University of Arkansas, 
Fayetteville, Ark. 
Harold Kleinman, 7743 Burnham 
Avenue, Chicago, Ill. 

Robert Davie, The Polytechnic Insti- 
tute, Brooklyn, N. Y. 

E. C. Hageman, Bucknell University, 
Lewisburg, Pa. 

A. C. Maynard, University of California, 
Berkeley, Cal. 

B. C. Dennison, Carnegie School of Tech- 
nology, Pittsburgh, Pa. 

H. V. McCormick, 3110 Woodburn Ave. a 
Cincinnati, Ohio. 

Philip R. Cloke, 
Technology, Potsdam, N. 

W. H. Neil, Clemson College, S. C. 


F. G. Stiers, Colorado State Agricultural 
College, Fort.Collins, Colo. 


Clarkson College of 
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LIST OF BRANCHES Continued. 


Name and when Organized 


Colorado, Univ. of..... Dec. 16, 
Georgia et is ant 
nology. . ..June 25, 
Highland Park College. Oct. 11, 
lowe State College... Apr 13: 
Univ. of......... May 18, 
Kansas State Agr. Col..Jan. 10 
Kansas, Univ. of...... Mar. 18 
Kentucky, State Univ. ofOct. 14 
Lafayette College...... Apr. 5, 
Lehigh University...... Oct. 15, 
Mim Une Молон 
Michigan, Univ. of..... Mar. 25 
Mianesota, Univ. of... May 16 
Missouri Univ. of...... Jan. 10, 
Montana State Col.....May 21, 
Nebraska, Univ. of.. AE 10, 


North Carolina Col. 
Agr., and Mech. Arts. Feb. 11, 


North Carolina, Univ. of.Oct. 9, 
North Dakota, "Univ. ыг Feb 15, 


Norwich University... June 28,” 
Ohio Northern Univ....Feb. 9, 
Ohio State University..Dec. 20, 
тач l Agricultura and 
ее Oct. 13, 
Oklahoma, Univ. of....Oct. 11, 
Oregon Agr. Со1....... Mar. 24, 
Рева. State College. ... Dec. 20, 
Pittsburgh, Univ. of....Feb. 26, 
Purdue University... .. Jan. 26, 
Reasselaer Poly. Inst.. Nov. 12, 
Rose Polytechnic Inst... Nov. 10, 
Rhode Island State Col..Mar. 14, 
Stanford Univ......... Dec. 13, 
use Univ Feb " 
Texas, Univ. of.. .Peb. 14, 
mut of Tech- 

а ct. 14, 
тира, Polytechnic In- 

Vues Меш deste eens РТ an. 8, 
Virginia, Univ. of...... Feb. 9, 
Wash., State Col. of. ..Dec. 13, 
Washington Univ.......Feb. 6, 
Washington, Univ. of. . Dec. 13, 
West Virginia Univ... . Nov. 13, 
Worcester Poly. Inst... Mar. 25, 
Yale University. ....... Oct. 13, 


Chairman 


Secretary 


'04 | Charles C. Clymer| Victor E. Leroy, University of Colorado, 


. E. Robinson 
. E. Gould 


. Nankervis 
L. Merrick 


OU t x 


. H. Oliver 

. M. Foster 

A. W. Davies 
Samuel McC.Hunt 
F. L. Magee 


Rowland Manley 
Fred P. Jones 


А. М. Clarke 
Jesse L. Thomp- a 
A. C. Lanier 

Carl Ladenburg 
Olin J. Ferguson 
F. E. Coxe 

А. C. Forney 


R. Н. Bennett ‘ 
H. D. Bender 


G. E. Davis 
H. M. Richards 
J. A. Hooper 

. B. Kelly, 

. R. Roth 
C. F. Harding 
W. J. Williams 
H. E. Smock 
А. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
John D. Hindle 


W. S. Rodman 
C. H. Worthen 


Charles А. Lieber 
A. Kalin 

O. P. Joliffe 

C. W. Kennedy 
A. W. Cahoon 


Boulder, Colo. 


John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 

Adolph Shane, Highland Park College, 
Des Moines, Iowa. 

L.J.Corbett, Univ.of Idaho, Moscow,Idaho. 

F. A. Robbins, Iowa St. Col., Ames, Iowa. 

A. oe Ford, University of Iowa, Iowa City, 

C. E. 'Reid, Kansas State Agri. Col., 
Manhattan, Kansas. 

G. M. Bowman, 1517 New Hampshire, 
Lawrence, Kansas. 

G. D. Aaron, StateUniversity of Kentucky, 
Lexington, Ky. 

Carl Theodore" "Маск, 418 McCartney 
Street, Easton, Pa. 

J. F. Wentz, Lehigh University, South 
Bethlehem, Pa. 

S. P. McDaniels, Lewis Institute, Chicago. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 

F. E. Richardson, University of Michigan, 
Ann Arbor, Mich. 

Donald P. Loye, 4216 Dupont Av. , South 
Minneapolis, Minn. 

P. Savant, University of Missouri, 

‘Cclumbia, Mo. 

J. A. Thaler, Montana State College, 
Bozeman, Mont. 

F. C. Holtz, University of Nebraska, 
Lincoln, Nebraska. 

F. J. Haight, N. C. Coll. of A. and M. 
Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 

Chapel Hill, N. C. 


W. W. Wickerham, 125 S. Gilbert Street, 


‚ Ohio 
L. W. Birch, 138 Wheatland Avenue, 
Columbus, Ohio. 


W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 


R. E. Heffner, University of Oklahoma, 
Norman, Okla. 
L. Happold, Oregon Agri. College, 


Corvallis, Ore. 


W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

A. N. Topping, Purdue Univ., Lafayette, 
Indiana. 

W. R. Townsend, Jr., Rensselaer Poly- 
technic Institute, Troy, N. 

Sam P. Stone, 1012 North 8th Street, 
Terre Haute, Ind. 

Carl A. Burdick, Rhode Island State Col- 
lege, Kingston, R. I. 

А. L. Morgan, Stanford University, Cal. 

К. А. Porter, Syracuse University, Syra- 
то . Y. 

J.A . Correll, Univ. of Texas, Austin, Tex. 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 
E. S. Smithson, Virginia Polytechnic 
Institute, Blacksburg, Va. 
J. K. Peebles, University, Va. 
C. J. Melrose, State Col. of Wash., 
Pullman, Wash. 

R. W. MacDonald, Washington Univer- 
sity, St. Louis, Mo 

J. R. Himmelsbach, “4629 21st Avenue, 
Seattle, Wash. | . 

D. F. Cronin, 52 о Driveway 
Morgantown, W. 

J. A. Blair, лете Polytechnic In- 
stitute, Worcester, Mass. 

J. P. Allen, Sheffield Scientific School, 
New Haven, Conn. 


Total 58 
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LL E. E. MEETING ІМ SCHENEC- 
TADY APRIL 13, 1917 


The 33151 meeting of the American 
Institute of Electrical Engineers will be 
"ld in Schenectady, М. Y., April 13, 
ЇГ under the auspices of the Schenec- 
ау Section and the Standards Com- 
“tee. The official headquarters of the 
lastitute during the meeting will be at 
Че Edison Club, 60 Washington Ave. 
Te technical session will be held at the 
diei Golf Club, Stop No. 5, Troy 
aoad, с 

The registration office will be at the 
Edison Club Hall and will be open at 
‘30 a.m. Members and guests are re- 
16104 to register promptly. At 6 p.m. 
Че registration office will be moved to 
Че Mohawk Golf Club, where guests 
vio arrive late in the afternoon may 
"Ester, 

Un Thursday, April 12, 1917, a 
UE of the Standards Committee 
is be held at the Mohawk Club, No. 
_ошһ Church St. at 9:00 a.m. This 
“ting wil probably continue into 

nday, and if so the committee will 
“eet at the same place on Friday morn- 
"g at 9:00 a.m. 

The morning and afternoon of Friday 
р be devoted to various committee 
2 às specified in notices to com- 
“Хе members, and to a Board of 
Ga luncheon, held at the Mohawk 
2 v South Church St. 1:00 p.m. 
2 Inspection trips have been 
| х for 2:00 p.m., but on account 
б Ч unsettled conditions it is impos- 
Т P уе very definite information 

"subject. An effort will be made, 


however, to arrange for trips through 
the Schenectady Works of the General 
Electric Co., and the American Loco- 
motive Co., Union College and parts of 
the New York State Barge Canal. 

At 6:30 p.m. an informal dinner will 
be served to members and guests at the 
Mohawk Golf Club, Dinner tickets 
should be purchased at the registration 
office as early as possible. 

The technical session will be held at 
the Mohawk Golf Club at 8:00 p.m. 
The general subject of the meeting will 
be Heating of Electrical Machinery and 
a paper will be presented by Mr. V. M. 
Montsinger entitled Cooling of Он- 
Immersed Transformer Windings After 
Shut Down. In addition to the discus- 
sion of Mr. Montsinger’s paper, dis- 
cussion will also be called for on four 
papers as follows: Internal Temperatures 
of A-C. Generators, by Ralph Kelley. 
This paper was presented at the Mid- 
winter Convention in New York in 
February 1917 and published in the 
February PROCEEDINGS. Electrical Ma- 
chinery Tests and Specifications Based 
on Modern Standards, by H. M. Hobart. 
This paper was presented at the To- 
ronto Section in September, 1916 and 
published in the March PROCEEDINGS. 
Temperature Distribution in Electrical 
Machinery, by B. G. Lamme. This 
paper was presented at the Chicago 
Meeting in November, 1916 and pub- 
lished in the November PROCEEDINGS. 
Temperature Guarantees for Large A-C. 
Generators, by F. D. Newbury. This 
paper was presented at the Chicago 


meeting in November, 1916 and pub- 
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lished in the November PROCEEDING. 
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АП correspondence in regard to hotel 
reservations should be addressed to the 
hotel management of any of the fol- 
lowing hotels. SCHENECTADY— Mohawk 
Hotel, Vendome Hotel, Edison Hotel. 
Those desiring to stop in Albany may 
obtain accommodations at the Ten Eyck 
or the Hampton. 


A. I. E. E. MAY MEETING 


The annual business meeting of the 
Institute will be held in New York at 
the Engineering Societies Building, 
Мау 18, 1917. At this meeting the 
report of the Board of Directors is 
presented and announcement made of 
the election of officers for the ensuing 
year. Тһе program for balance of the 
evening will be announced in the May 
issue of the PROCEEDINGS. | 


А. I. Е. E. ANNUAL CONVENTION 
JUNE 26-29, 1917 


The Annual Convention of the Insti- 
tute will be held at Hot Springs, Va., 
covering the four day period, June 26- 
29, 1917. Тһе Homestead Hotel has 
been selected as the headquarters for 
the convention. 

The Meetings and Papers Committee 
has tentatively decided on five tech- 
nical sessions. The convention will 
open on the afternoon of Tuesday, June 
26, with President H. W. Buck's address 
followed by the reports of the various 
technical committees. Тһе two ses- 
sions оп Wednesday, the 27th, will be 
under the auspices of the Transmission 
and Distribution Committee. The 
morning will be devoted to the subject 
of ‘‘high-tension cables" and three 
papers on this subject will be presented, 
as follows: Certain Insulation Charac- 
teristics of High-Voltage Cables, Бу W. 
5. Clark and С. B. Shanklin; Problems 
in Operation and. Maintenance of Under- 
ground Cables, by John L. Harper; 
Fundamentals of High-Tension Cable 
Joints, by D. W. Roper. The afternoon 
session will be devoted to ''high-tension 
insulators”, and four papers will be 
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delivered, as follows: The Insulator 
Situation, by W. D. Peasley; Porosity 
of Electrical Porcelain, by H. J. Ryan; 
Expansion Effects as a Cause of De- 
lerioration in Suspension-Type Insu- 
lators, by J. A. Brundige; Present Prac- 
tise їп the Design and Manufacture of 
High-Voltage Insulators, by A. O. 
Austin. The morning of Thursday, 

June 28, has been designated as the 
Mining Session and the following papers 

will be presented: Forms of Power Best 

Suited for the Various Loads Encountered 

an the Operation of Bituminous Coal 

Mines, by R. L. Kingsland; Test of a 

Large Mine Hoist, by R. S. Sage. The 

fifth and last technical session will be 

held Friday morning, June 29. The 

general subject of this session will be 

inductive interference between railway 

and telephone lines. 


FUTURE SECTION MEETINGS 


Baltimore.—April 20, 1917. Subject: 
Aviation. 

Chicago.— April 23, 1917. Subject: 
Economic Industrial Applications of 
Electricity. 

Detroit-Ann Arbor.—April 13, 1917. 
Subject: '"Thermo-Electric Pyrometry.’’ 
Speaker: R. B. Lincoln. 

Denver.—April 21, 1917. 
Electric Hoisting in Mines. 
H. L. Hall. 

Fort Wayne.—April 12, 1917, An- 
thony Hotel. Annual Banquet. Address 
by Mr. W. B. Potter on “Тһе Electri- 
fication of the Chicago, Milwaukee and 
St. Paul Railway”. 

Panama.—April 29, 1917. 
Tropical Specifications. 

Pittsfield.—Apri! 12, 1917. Subject: 
Patent Law. Speaker: A. G. Davis. 

April 26, 1917. Subject: Selecting 
and Testing of Materials. Speaker: J. 
A. Capp. 

San Francisco.— April 27, 1917. Sub- 
ject: Rectification. 

Spokane.— April 20, 1917. Subjects: 
High-Tension Transformers. Electro- 
lysis. 


Subject: 
Speaker: 


Subject: 


— 
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Toronto.— April 20, 1917. Subject: 
Railway Economics. Speaker: E. V. 


Pannell. 


A. L E. E. MEETING IN CHICAGO 
MARCH 9, 1917 


The 330th meeting of the American 
Institute of Electrical Engineers was 
held Friday evening, March 9, 1917 in 
the Hotel Sherman, Chicago, Ill., under 
the auspices of the Chicago Section and 
the Protective Devices Committee. 

During the morning and afternoon 
of the 9th the following committee 
meetings were held: Meetings and Papers 
Committee, 10:30 a.m.; Industrial and 
Domestic Power Committee, 12:30 


p.m.; Protective Devices Committee, - 


4:00 p.m. The Board of Directors met 
at luncheon at the University Club at 
1 p.m. as the guests of Past-Presidents 
L. A. Ferguson and B. J. Arnold and 
Vice-President P. Junkersfeld. After 
the luncheon the regular monthly 
meeting was held, details of which are 
found elsewhere in this issue. 

On Friday afternoon many members 
took advantage of the opportunities 
offered of making inspection trips as 
follows: Electric furnace of Illinois Steel 
Company; Hawthorne plant of the 
Western Electric Company. Several 
very interesting trips were also taken 
on Saturday morning as follows: Hyde 
Park office of the Chicago Telephone 
Company; Snyder electric furnace of the 
Electric Steel Company; Western Ave. 
Substation, the Kedzie Ave. car house 
and tre West shops of the Chicago 
Railways Company; Armours plant at 
the Stock Yards; thirty members, 
guests of the General Electric Company, 
went by special car over the Aurora, 
Chicago and Elgin and the Elgin and 
Belvidere to the Automatic Substation 
at Gilbert. 

At 6:30 p.m. an informal dinner was 
served in the Crystal Room of the Hotel 
Sherman to about 138 members and 
guests. 

The technical session, held in the 
Louis XVI room, was called to order by 
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President Harold W. Buck at 8:00 p.m. 
with about 300 present. Before pro- 
ceeding with the papers scheduled for 
the evening Mr. Milton, Chairman of 
the Chicago Section, made announce- 
ments relative to the inspection trips. 
President Buck then called attention to 
the new policy of the Institute in holding 
meetings in various important centers, 
thus making the Institute a more tan- 
gible reality to members outside New 
York. He then introduced Mr. Philip 
Torchio who presented his paper en- 
titled "Relays for High- Tension Lines”. 
Mr. R. F. Schuchardt then abstracted 
his paper entitled ‘‘The Protective Re- 
lay Equipment of the System of the 
Commonwealth Edison Company”. A 
discussion followed which was engaged 
in by the following men; H. R. Summer- 
hayes, W. H. Cole, E. B. Meyer, L. N. 
Crichton, J. R. Craighead, O. C. Traver, 
A. A. Meyer, J. B. Taylor, H. L. 
Wallau, J. S. Jenks, P. Torchio and 
R. F. Schuchardt. 


DIRECTORS’ MEETING, CHICAGO, 
MARCH 9, 1917 


The regular monthly meeting of the 
Board of Directors’ was held at the 
University Club, Chicago, on Friday, | 
March 9, 1917, at 2:30 p.m. 

There were present: President H. W. 
Buck, New York; Past-President Paul 
M. Lincoln, Pittsburgh, Ра.; Vicee 
Presidents P. Junkersfeld, Chicago, Ill., 
L. T. Robinson, Schenectady, N. Y.; 
Managers John B. Taylor, Schenectady, 
N. Y.; Charles S. Ruffner, St. Louis, 
Mo.; and Secretary F. L. Hutchinson, 
New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $12,558.22 was ratified. 

The report of the Board of Examiners 
of its meeting held on March 5 was 
read and the actions taken at that 
meeting were approved. 

Upon the recommendation of the 
Board of Examiners, the following 
action was taken upon pending appli- 
cations. 
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Upon recommendation of the Board 
of Examiners ll4 students were or- 
dered enrolled, 140 applicants меге 
elected to the grade of Associate, 6 
applicants were reinstated аз Associ- 
ates, 1 applicant was reinstated as a 
Member, 12 applicants were elected to 
the grade of Member, 4 applicants 
were transferred to the grade of 
Member, and 3 applicants were trans- 
ferred to the grade of Fellow. 

Upon the recommendation of the 
Sections Committee, a petition from 26 
Institute members residing in Salt 
Lake City for authority to organize a 
Section in that city to be known as the 
Utah Section of the A. I. E. E., was 
approved. 

A considerable amount of other 
business was transacted, reference to 
which will be found in this and future 
issues of the PROCEEDINGS. 

The Board will hold its next meeting 
at Schenectady, N. Y., on Friday April 
13, 1917. 


. A. I. E. E. NOMINATIONS 


At the meeting of the Board of Direc- 
'tors of the Institute held in Chicago on 
March 9, the report of the Committee of 
Tellers of its canvass of the nomination 
ballots cast for candidates for the In- 
stitute offices falling vacant July 31, 
1917 was presented. 

As required by the constitution of the 
Institute, the Board then selected by 
ballot its list of "Directors! Nominees," 
with the following result: 

For President: E. W. Rice, Jr., 
Schenectady, N. Y. 

For Vice-Presidents: Frederick Bedell 
Ithaca, N. Y., John H. Finney, Wash- 
ington, D. C., A. S. McAllister, New 
York. 

For Managers: Walter А. Hall, 


West Lynn, Mass., Е. Н. Martindale, 


Cleveland, О., Wm. А. Del Mar, New 
York, Wilfred Sykes, Pittsburgh, Pa. 
For Treasurer: George А. Hamilton, 
Elizabeth, N. J. 
The ballots were mailed to the mem- 
bership the latter part of March, and 
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to be counted must be returned tc 
Institute headquarters, New York, not 
later than May 1. 


REPORT OF COMMITTEE OF 
TELLERS ON NOMINATION 
BALLOTS 


To the Board of Directors, Americam 
Institute of Electrical Engineers. 

Gentlemen: This Committee has 
counted and canvassed, in accordance 
with Article VI of the Constitution, the 
nomination ballots received for officers 
of the Institute for 1917-1918. The 
result is as follows: 


Total number of envelopes said to con- 
tain ballots, received from the Secre- 
ааа хагд 1324 

Rejected on account of bearing no iden- 
tifying name on outer envelope...... 52 

Rejected on account of having reached 
Secretary's office after Feb. 28....... 33 

Rejected on account of ballot carrying 
signature of voter.................. 0 

Rejected as a duplicate (two ballots re- 
ceived from the same voter, in which 
case the ballot received last was 
соцпїеа.)......................... 0 

Envelopes received containing no ballots. 37 


Leaving as valid ballots............... 1202 


These valid ballots were counted and the 
result is shown below: 


FOR PRESIDENT 


E. W. Rice, /т......................... 1150 
Scattering and blank................... 52 
Total. cv au us deve. 1202 


(The scattering vote was divided among 11 
candidates, each of whom received less than 3% 
of the total vote. Detailed distribution of these 
votes is shown on the original tally sheets filed in 
the Institute offices.) | 


FOR VICE-PRESIDENTS 


Frederick Bedell....................... 1052 
John H. Ётпеҥеу........................ 867 
Bancroft Сһегагді..................... 737 
A. S. МсАШвФег....................... 752 
Scattering and blank................... 198 

Оба оо pA poeti 3606 


(The scattering vote was divided among 27 
candidates, each of whom received less than 3% 
of the total vote. Detailed distribution of these 
votes is shown on the original tally sheets filed in 
the Institute offices.) 
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FOR MANAGERS 

Wiliam А. Del Мат.................... 1075 
Walter A. НаП........................ 1089 
Е. Н. Магипааіе...................... 1088 
Wilfred б$уКе<......................... 1068 
Scattering апа Ыапк................... 488 

Total e a сму 4808 


(The scattering vote was divided among 78 
candidates, each of whom received less than 3% 
oi the total vote. Detailed distribution of these 
votes is shown on the original tally sheets filed 
in the Institute offices.) 


FOR TREASURER 


George А. Hamilton............. 
Scattering and МапК................... 130 
Totals RUD 1202 


(The scattering vote was divided among six 
candidates, each of whom received less than 3% 
uf the total vote. Detailed distribution of these 
votes is shown on the original tally sheets filed 
in the Institute offices.) 


Respectfully submitted, 


H. B. P. WRENN, chairman 
FRANK Н. BEALL, 
H. B. HAMMOND, 
WM. P. WHITE, 
W. Н. Frost, 
Committee of Tellers. 


UNITED ENGINEERING SOCIETY 
Extracts from President's Annual 
Report 


The important fact of the year 1916 
is that on July 25th contracts were 
executed by which the American So- 
себу of Civil Engineers became an 
additional Founder Society and ar- 
ranged to make its permanent home in 
our building. Тһе contracts provide 
for the construction of three additional 
stories to the building, the American 
Society to contribute sum considered 
equivalent to what each other Founder 
Society had contributed and to partici- 
pate in the original Carnegie gift and 
have an equal share in the property 
with each other Founder Society. 

The construction of the addition to 
the building is under way, $62,525.04 
having been expended thereon in 19106. 

This work is in charge of a Building 
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Committee consisting of H. H. Barnes, 
Jr., Chairman, E. С. Spilsbury, Charles 
Warren Hunt and Charles F. Rand. 

At the request of the Founder So- 
cieties, important alterations were made 
to the lecture halls on the fifth floor of 
the building to make the same suitable 
for social functions of the societies. 

The Library of the American Society 
is being merged with the Library of the 
U. E. S. and the other Founder so- 
cieties. 

At the present time the membership 
of the four Founder societies 1$ 29,000 
and of associate societies 23,000, so 
that a total of 52,000 engineers now have 
their headquarters in our building. 

The building is at present fully oc- 
cupied. 

Тре value of the real estate now owned 
by this Society is $1,647,171.16. "This 
sum will be increased at the end of 1917 
by the amount of the cost of the addi- 
tion to the building. 


The income of the Society 


during 1916 was....... $53,062.03 
The expenditure was..... 44,316.20 
Gain for the уеаг........ 8,745.83 


Funds for the benefit of the Library 
were obtained during the year from 
contributions by the societies of Civil, 
Mining, Mechanical and Electrical 
Engineers and the United Engineering 
Society to the amount of... $15,542.33 


From miscellaneous sources 1,750.03 
The gross income from 

searches мав.......... 5,982.98 

Total........ $22,076.34 


The securities in the Engineering 
Foundation Fund were sold and the 
proceeds re-invested to produce а 
higher income as shown in detail in the 
Treasurer's report. Тһе Fund now 
amounts to $203,374.80 


The General Reserve Fund 
remains unchanged at.... $10,000.00 
The Depreciation and Re- 


newal Fund is now...... 71,456.12 
The Surplus Account Decem- 
ber 31, 1916 15.......... 6,053.25 
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LIBRARY REPORT FOR 1916 


The Library Board of the United 
Engineering Society has published its 
annual report for 1916, which may be 
briefly summarized as follows: 

The number of readers and visitors 
to the library during the year was 13,848 
or an average of 45 per day. Of these 
2,887 made use of the library during the 
evening after 6 p.m. 


The Library Service Bureau issued 
and distributed a circular entitled 
"Preparedness for Service". In this 
pamphlet the various activities of the 
Bureau are enumerated, the rates for 
its service tabulated, and a subscription 
blank for its reference slip service was 
included. During the year the Bureau 
fulfilled 1,253 requests for service, 
classified as follows: search orders, 495; 
translations, 109; photoprint orders, 
637; miscellaneous, 12. Many users of 
the library require copies of material 
contained in its files and photoprint 
copies have been found to be the most 
satisfactory because diagrams, tables 
and curves are accurately reproduced. 
The increased demand for such work 
made it necessary for the Library to 
install a photoprinting plant. The total 
cost of the installation was $1,082.77 
and the total number of prints made 
during 1916 was 4,772. 


During the year the collections of 
the library have been increased by the 
following accessions: volumes, 2,455; 
pamphlets, 386; maps, 61; total, 2,902. 
As a result of the bringing together of 
the several libraries of the Founder 
Societies, gifts and purchases, there 
were a great many duplicates. During 
1916 this list amounting to 11,388 vol- 
umes of periodicals, textbooks, govern- 
ment publications and pamphlets were 
sold or given away. Тһе net proceeds, 
$2,559.70, was added to the Library 
Endowment Fund. Тһе extent of the 
library collection on Dec. 31, 1916 was 
63,199. 


On August 10, 1916 the by-laws 
affecting the conduction of library work 
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were amended by the U. E. S. Trustees 
arranging for the admission, August 16, 
1916, of the American Society of Civil 
Engineers as a Founder Society. The 
A. S. C. E. collection of nearly 90,000 
has, therefore, been added automatically 
to the U. E. S. Library and will be 
moved shortly to the U. E. S. Building 

As a consequence of the union of the 
libraries of the Founder Societies a 
recataloguing must be undertaken in 


_ the near future and a study is being 


made of the cost and most efficient 
method of classification. 

Dr. James Douglas who started our 
Library Endowment Fund with a gift 
of $5,000, has added $95,000 thereto. 
The total of the sum is now $102,559.70. 
An effort is being made to materially 
increase this fund as the Library re- 
quires the income of a million dollars 
for its proposed development. 

The Library expenses have been as 
follows: 


Library Books purchased.... $2,340.88 


Library Binding Expense.... 1,442.55 
Library Supplies and Miscel- 
laneous Expenses......... 1,379.38 
Library Salaries............ 10,923.81 
Library Photostat.......... 1,091.02 
Library New Lighting Fix- 
tures........ 132.47 


Library Searches Expense... 5,366.23 


$22,676.34 


The report includes a complete list of 
donors of books and pamphlets to the 
library during the year. 

Members interested in further de- 
tails may obtain copies of the report by 
addressing the Secretary of the Institute 


HARRISON W. CRAVER 
APPOINTED LIBRARY 
DIRECTOR 


Mr. Harrison W. Craver assumes the 
position of director of the library of the 
United Engineering Societies of New 
York on April 1. His new position will 
put him in charge of what is believed to 
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be the largest engineering library in the 
world, with approximately 150,000 
volumes on technological subjects on 
its shelves. 

In accepting this new charge Mr. 
Craver resigned the office held since 
1908 of chief librarian óf the Carnegie 
Library of Pittsburgh. 


With but a year's break, Mr. Craver 
has been associated with the Carnegie 
Library of Pittsburgh for 17 years. He 
was technological librarian from 1900 
to 1902, and during that time practically 
organized that branch of the institution. 
He returned to that position in 1903, 
after having spent approximately a year 
as assistant superintendent of the 
Allegheny Iron and Steel Company at 
Brackenridge, Pa., and remained in the 
technology department until his ap- 
pointment to the position of chief 
librarian, nine years ago. 

His administration has been one of 
steady development in the library's 
history. Under him two of the largest 
branches of the Pittsburgh library sys- 
tem were built, the Southside branch 
and the Homewood branch. The circu- 
lation of the entire Pittsburgh system 
has increased from 800,000 in 1908, to 
1,500,000 in 1916. The book stock has 
been increased from 250,000 to 450,000. 


Mr. Craver's first contribution to the 
expansion of the local library system 
was his organization of the techno- 
logical library which 1$ now one of the 
most comprehensive of any in the 
general public libraries of the country, 
and which covers, exhaustively, prac- 
tically every industry in Pittsburgh. 


His efficiency in handling the tech- 
nological branch of the library was due 
as much to his experience, prior to his 
entrance in library work, as chemist for 
steel companies of Leechburg and Pitts- 
burgh, Pa., and Graham, Va., as to his 
ability as a librarian. 


His work in this department, coupled 
with his special knowledge along tech- 
ical lines, is said to have brought him 
the offer from New York, which he has 
accepted. 


‚ of Engineers. 


INSTITUTE AFFAIRS 95 


JOHN FRITZ MEDAL BOOK 


The John Fritz Medal Board of 
Award which is composed of representa- 
tives of four national engineering so- 
cieties, including the Institute, has 
published а book giving the history of 
the Medal, the Rules of the Award, 
biographical sketches of the medallists, 
illustrated with portraits, etc. This 
beautiful book which was designed, 
engraved and printed by the Bartlett 
Orr Press, New York, may be obtained 
by addressing the Secretary of the John 
Fritz Medal Board of Award, Engineer- 
ing Societies Building, New York City. 
Price $2.50 per copy. 


PAST SECTION MEETINGS 


Baltimore.—February 23, 1917, Johns 
Hopkins University. Paper: ‘‘Elec- 
tricity in Steel Mills" by K. A. Pauly. 
Brief report by Dr. J. B. Whitehead on 
Midwinter Convention of the Institute. 
Attendance 45. 

March 9, 1917, Johns Hopkins Uni- 
versity. Paper: 'Work of the Bureau of 
Standards" by S. W. Stratton. Paper 
illustrated by lantern slides. Attendance 
150. 

Boston.—February 7, 1917, Audi- 
torium of Boston City Club. Eighth 
Annual Banquet for engineers of Boston 
and vicinity, held in conjunction with 
Boston Society of Civil Engineers, and 
Boston Section, A. S. M. E. Addresses 
by Prof. Elihu Thomson, Dr. Hugh 
Cabot, and Mr. E. H. Ewertz. Toast- 
master, Prof. C. A. Adams. Attendance 
452. 

Chicago.— January 31, 1917, Western 
Society of Engineers. Paper: “Тһе 
Relation of Public Utilities to the Pub- 
lic" by W. W. Freeman. Attendance 
100. 

February 26, 1917, Western Society 
Paper: “Тһе Making of 
Rates After Valuation" by William J. 
Norton. Attendance 80. 

Cleveland.—January 15, 1917, Elec- 
trical League, Statler Ноа. Illus- 
trated address by Mr. Norman Ander- 
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son on ''Construction and Operation of 
America's Great Talking Service—The 
Bell System". Attendance 44. 
Denver.—February 17, 1917, Denver 
Athletic Club. Paper: 'High- Tension 
Transmission Line Design and Opera- 
tion", by L. H. Shute. Attendance 40. 


Detroit-Ann Arbor.—January 26, 
1917, Detroit Engineering Society 
Rooms. Paper: ''Alternating-Current 
Generators" by H. H. Higbee. Attend- 
ance 22. 

February 16, 1917, Engineering 


Building, University of Michigan. Ра- 
per: "Graphical Methods for Handling 
Engineering Data" by Т. R. Runne 
Attendance 157. 

Indianapolis-Lafayette. — February 
16, 1917, Indianapolis. Paper: “Ейес- 
trical Tabulating Machines" by C. A. 
Tripp. Attendance 25. 

Ithaca.—March 2, 1917. Paper: 
“Тһе Use of the Electric Current in 
Chemistry" by C. М. Bennett. At- 
tendance 88. 

Los Angeles.—February 6, 1917, 
Blanchard Hall. Illustrated lecture by 
Mr. W. D'arcy Ryan on "Illumination 
of the Panama-Pacific Exposition”. 
Joint Meeting with Southern Califor- 
nia Chapter of American Institute of 
Architects and Engineers and Archi- 
tects Association of Southern California. 
Attendance 300. 

Milwaukee.—March 14, 1917, Re- 
publican House. Commander W. A. 
Moffat in charge of the Great Lakes 
Naval Training Station gave an illus- 
trated lecture on ''Ships of Our Navy”. 
Attendance 150. 

Panama.— March 7, 1917, Ancon. 
Lecture on Military Engineering by 
Major W. D. A. Anderson. Attendance 
245. 

Philadelphia.—February 8, 1917, 
Franklin Institute. Paper: ‘‘ Modern 
Dynamo Electric Machinery, with 
Special Reference to Power and Trac- 
tion Uses" by Alexander Gray. At. 
tendance 200. Joint Meeting with 
Franklin Institute. 

February 12, 1917. Subject: “Тһе 
Engineering Graduate and His Oppor- 


tunities”. 
Buck on “Institute Work”; Mr. G. P. 
Baldwin on “Along Commercial Lines’’ 

Mr. W. C. L. Elgin on “The Electrical 
Public Utility Field”. Attendance 250. 


dell Hotel. 
H. T. Miller on "Iron and Steel from 
Ore to Finished Product”. Attendance 
180. 


E. F. Creighton. 


nomah Hotel. 
Chemical 
William Conger Morgan. 


Building: Paper: 
ment of the Port Commission, with 
Particular Reference to the Electrical 
Features” Бу К. М. Allen. Attendance 
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Speakers: President H. W. 


Pittsfield.—February 2, 1917, Wen- 
Illustrated lecture Бу Mr. 


February 15, 1917, F. M. T. A. Hall. 


Illustrated address by Judge Thomas 
P. Riley on “Тһе Plattsburg Training 


Camps'. Attendance 150. 
March 1, 1917, Hotel Wendell. 
Paper: ''Electrical Porcelain" by E. 


Attendance 110. 

Portland.— February 6, 1917, Mult- 
Paper: “Тһе Newest 
Element—Electricity" by 
Attendance 


Rochester.—January 12, 1917, Engi- 


neering Society Rooms. Paper: ‘‘Mod- 
ern Electric Elevators and Elevator 


Problems” by David Linquist. Joint 
meeting with the Rochester Engineering 
society. 


Seattle.—]anuary 16, 1917, Arctic 
“Тһе Harbor Develop- 


February 20, 1917, Arctic Building. 


Illustrated lecture by Mr. O. L. Cow- 
ard on 
ance 51. 


"Electric Traction". Attend- 


Spokane.—February 16, 1917, Coun- 


cil Chamber, City Hall. Paper: ''Con- 
crete Reinforcement of Poles" by 
George Harding. 
“Тһе King of the Rails”. 


Motion picture 
Attendance 


February 21, 1917, Spokane Hotel. 


By invitation at the Northwestern 
Mining Men’s Convention. Papers: (1) 
"Application of Electricity in Mining" 
by E. M. Murphy; (2) “Mining in 
Alaska" Бу F. W. 
‚ picture of “Тһе Building of the Trans- 
continental Telephone Line", 


Isham. Motion 
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St. Louis.— February 28, 1917, Engi- 
neers Club. Address by Mr. Harold B. 
Shaw on "Rates for Electricity Supply”. 
Attendance 117. 

Toledo.— March 7, 1917, Toledo 
Commerce Club. Address by Mr. E. B. 
Ihurston on ''Electric Elevator Effi- 
aency". Attendance 19. 

Toronto.— February 16, 1917, Engi- 
neers Club. Address by Mr. С. E. 
Davies on "''Automatic Telegraphy”’ 
folowed by inspection of the exchange 
ef the Great North Western Telegraph 
Company where the automatic ma- 
chines were shown in actual operation. 
Attendance 40. | 

March 2, 1917, Engineers Club. 
Inspection trip to the Adelaide Ex- 
change of the Bell Telephone Company. 
Attendance 40. 


PAST BRANCH MEETINGS 

University of Arkansas.—February 
19, 1917. Papers: (1) “А Description 
of the Anaconda Copper Міпев”; (2) 
"The Development and Future of Elec- 
тс Propulsion of Ships". Attendance 
18. 

Armour  Institute.—February 28, 
1917. Paper: "Lake Spaulding Hydro- 
electric Developement” by Stanley 
Dean and E. H. Freeman. Paper was 
illustrated with lantern slides. Attend- 
ance 41. 

March 6, 1917. Paper: ‘‘Organization 
of the Western Union Telegraph Com- 
pany” by W. W. Drew. Attendance 36. 

Polytechnic Institute of Brooklyn.— 
Rialto Theatre. Inspection of lighting 
system of Rialto Theatre, Times Square 
New York. Attendance 20. 

University of California.—February 
1,1917, Berkeley. Addresses by Messrs. 
Rosenblatt and Dusenbery on ‘‘Elec- 
tncity in Magic and Stage Illusions”. 
Attendance 18. 

February 14, 1917, Berkeley. Address 
by Mr. Pomeroy оп “The Effect of 
Capacity and Inductance on Alterna- 
tng Current Circuits". Attendance 19. 

Carnegie Institute of Technology.— 
February 14, 1917. Papers: (1) “Тһе 
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New Steam Power Plant of the Buffalo 
Electric Compahy" by А. L. Morley; 
(2) “Тһе Locomotive Works of the 
General Electric Company at Erie" by 


"T. I. Lawson; (3) “Тһе Niagara Falls 


Power Plant" by T. B. Blalock; (4) 
“Тһе Hydraulic Power Company Plant 
at Niagara" by J. J. Kennedy; (5) 
“Тһе U. S. Light and Heating Company 
Works" by L. H. Hale; (60) 'Non- 
technical Features of the Inspection 
Trip" by C. H. Kindl. Attendance 30. 

Colorado State Agricultural College. 
—February 26, 1917, Main Building. 
Illustrated address by Mr. Richards оп 
“Тһе Electrification of the Panama 
Canal”. 

March 12, 1917, Electrical Hall. 
Address by Mr. Knapp on “The Uses 
of Electricity in Modern Warfare”. 

Georgia School of Technology.— 
February 20, 1917, Regent Theatre. 
Moving picture of the National Tube 
Company” entitled "From Ore to 
Finished Product” with explanatory re- 
marks by Mr. Wilson. Attendance 133. 

Highland Park College.—February 7, 
1917, Electrical Engineering Labora- 
tory. Paper: “Central Station Steam 
Heating” by Н. W. Garner. Attendance 
89. 

March 7, 1917, Electrical Engineer- 
ing Laboratory. Paper: ‘History, 
Development and Manufacture of the 
Incandescent Lamp" by N. W. Lon- 
grove. Attendance 20. 

Iowa State College.—February 14, 
1917. Address by Mr. J. M. Drabelle on 
"Recent Developments in High- Tension 
Transmission". Attendance 80. 

February 28, 1917. Paper: ''The 
Opportunities of Technical Graduates 
in Public Utility Corporations" by Р. 
5. Dewey. Attendance 64. 

University of Iowa.—January 16, 
1917, Physics Building. Paper: “Тһе 
Effect of the European War on the 
Manufacture of Telephones" by E. 
Imhoff. 

University of Kansas.—February 21, 
1917, Marvin Hall. Addresses as fol- 
lows: (1) “Тһе Owen Magnetic Car" 
by C. R. Copp; (2) ‘‘The Manufacture 
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of Electric Auto Headlights" by A. R. 
Burt; (3) ''Storage Battery Service 
Stations” by М. Beusheidt. Attendance 
35. 

February 28, 1917, Marvin Hall. 
Addresses as follows: (1) ‘‘Thesis Report 
on Car Heating" by C. E. Kietzman 
and S. Kruse; (2) "Interurban Substa- 
tion at Kent, Kansas" by R. W. 
Warner; (3) “Street Railway Track 
Reconstruction" by C. A. Keener. At- 
tendance 38. 

Lafayette — College.—February 24, 
1917. Papers: (1) "Rail Materials and 
Shapes”; (2) “Тһе Grounded Neutral, 
When and Why”. Attendance 18. 

March 5, 1917. Papers: (1) “Еге- 
quency Changers”; (2) “Methods of 
Obtaining Single-Phase Loads from 
Polyphase Lines". Attendance 17. 

March 12, 1917. Papers: (1) “Рго- 
tection of Transmission Lines by Means 
of Relays"; (2) “Тһе Maximum De- 
mand Meter". Attendance 16. 

Lehigh University.—March 1, 1917, 
Physics Building. Papers: (1) ''Elec- 
trolytic Copper" by L. C. Kramer; (2) 
"Electric Furnaces in the Steel Indus- 
try" by S. H. Auerbacker. Attendance 
45. 

University of Minnesota.— February 
21, 1917, Biology Building. Illustrated 
lectures by Messrs. G. H. Pfeif and В. 
Goetzenbergeron''High-Speed Motors”. 
Motion pictures showing the construc- 
tion of Curtis turbines. Attendance 55. 

March 8, 1917, Engineering Audi- 
torium. Lecture by Mr. L. T. Hill on 
"Some Telephone Problems and the 
Organization of the Bell System”. At- 
tendance 20. 

University of Missouri.—February 
19, 1917, Engineering Building. Illus- 
trated lecture by Mr. G. A. Delaney on 
"Magnetization Curves". Attendance 
20. 

March 5, 1917, Engineering Building. 
Paper: "Industrial Application of Elec- 
tric Motors" by M. P. Weinbach. At- 
tendance 14. 

University of Nebraska.— March 7, 
1917. Papers: (1) "Plans and Specifi- 
cations on Transmission Lines” by Mr. 
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Hlava; (2) “Тһе Human Side of 
Transmission Line Construction’’ Бу 
Mr. Wagner; (3) “Тһе Costs of Trans- 
mission Lines" by Mr. Glasser. Attend- 
ance 18. 

University of North Carolina. March 
1, 1917. Paper: “Single-Phase Traction'" 
by A. C. Forney. Attendance 16. 

March 8, 1917. Paper: "Economic 
Aspects of Railway Electrification” by 
E. J. O’Brien. Attendance 7. 

March 15, 1917. Paper: "Develop- 
ment of High-Voltage Transmission'' by 
W. R. Harding. Attendance 11. 

Norwich University.— March 8, 1917, 
Carnegie Hall. Paper: “Electric Pro- 
pulsion of the U. S. Collier Jupiter'' 
by E. B. Davison. Paper illustrated by 
lantern slides. Attendance 27. 

Ohio Northern University.— March 
14, 1917, Dukes Memorial. Addresses 
as follows: ‘Manufacture of Incandes- 
cent Lamps” by Н.А. Peterman; “Тһе 
Modern Aeroplane" by F. W. Molitor. 
Attendance 37. | 

Ohio State University.—February 23, 
1917, Robinson Laboratory. Lecture 
by Mr. Н. В. Allensworth on “Тһе 
Making of an Inventory of a Large 
Electric Utility". Attendance 20. 

March 9, 1917, Robinson Laboratory. 
Address by Mr. W. H. Sawyer on 
"Public Utilities". Attendance 25. 

Pennsylvania State College.—Feb- 
ruary 28, 1917. Addresses as follows: 
“Electrolytic Lightning Arrester" by 
Mr. Mickey; "Railway Electrification” 
by Mr. Malloy. Attendance 35. 

University of Pittsburgh.— February 
20, 1917, Thaw Hall. Address by Mr. 
J. H. Mahaffey on “Тһе Construction 
and Uses of the Edison Storage Bat- 
tery”. Attendance 19. 

March 6, 1917, Thaw Hall. Address 
by Mr. J. №. Welch on “Traffic Prob- 
lems in Pittsburgh. Attendance 28. 

Purdue  University.—February 27, 
1917, Electrical Building. Paper: “Тһе 
Development of Radio  Telegraphic 
Communication by F. F. Hamilton. 
Attendance 110. 

March 1, 1917, Electrical Building. 
Address by J. B. Feder on ‘‘Electrifica- 
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поп of Railroads’’. Motion pictures 
“The King of the Rails". Attendance 
350. 

Rensselaer Polytechnic Institute.— 
February 26, 1917, Sage Laboratory. 
Address by Mr. A. H. Armstrong on 
"The Electrification of the Chicago, 
Milwaukee and St. Paul Railroad". 
Address was illustrated by lantern slides 
and motion pictures. Attendance 155. 

Syracuse University.— March 1, 1917. 
Digest of article on "Relay Protective 
Systems”, given by Mr. D. М. Epstein. 
Attendance 16. | 

March 8, 1917. Address by Mr. W. 
D. Pomeroy on ''Telephone Systems 
and Operation". Attendance 17. 

March 15, 1917. Address by Mr. H. 
R. Klumbach on "'Electrification of the 
West Shore Railroad". Attendance 18. 

University of Texas.—February 26, 
1917. Papers: (1) "Historical Sketch 
of the Development of the Steam 
Boiler” by A. Naetes; (2) “Electricity 
on Shipboard” by A. E. Finlay. At- 
tendance 18. 

Virginia Polytechnic Institute.—Feb- 
гаагу 27, 1917. Illustrated lecfure on 
“The Evolution of the Motive Power 
for Ships". Attendance 51. 

March 8, 1917, Science Hall. Lecture 
by Mr. John G. Henninger on ''The 
Diferent Kinds of Lamps—The Way 
They are Made". Attendance 55. 

University of Virginia. February 21, 
1917, Engineering Building. Papers: 
4) “Ford Power Plant" by Prof. 
Hancock; (2) ‘‘Wireless Stations and 
Elementary Principles of Operation” by 
T. R. Bunting and R. G. Wolcott. 
Attendance 40. 

Washington — University.— February 
21, Cupples Hall. Lecture by Dean A. 
$. Langsdorf on “Тһе Cause and Effect 
of Lightning". Attendance 39. 

University of Washington.— January 
13, 1917, Forestry Hall. Address by Mr. 
5. C. Lindsay on “Some Recent Engi- 
neering Problems and Their Solution". 
Attendance 33. 

March 13, Forestry Hall. Paper: 
"Telephone Line Distribution" by W. 


H.Curran. Attendance 12. 
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Washington State College.— January 
19, 1917. Address by Prof. Buerstatte 
on "My Experience as a Special Rail- 
road Apprentice". Election of officers 
as follows; president, D. M. Alexander; 
vice-president, B. Benz; secretary, C. 
W. Cutler; treasurer, S. E. Stites. At. 
tendance 30. 

February 16, 1917. Address by Prof. 
Snyder on “Тһе Cement. Dam and the 
Problems to be Overcome in Its Con- 
struction". Attendance 28. 

Worcester Polytechnic Institute.— 
February 23, 1917, Electrical Engineer- 
ing Building. Paper: ‘‘Grounding of 
Alternating-Current Secondary Dis- 
tribution Systems" by W. H. Blood 


- Jr. Attendance 65. 


March 16, 1917, Electrical Engineer- 
ing Building. Paper: “Тгайк Problems 
of a Large Urban Railway" by Edward 
Dana. Attendance 40. 

Yale University.—March 9, 1917. 
Illustrated lecture by Mr. C. C. Elwell 
on "Accident Prevention”. Attendance 
40. 


MEMBERS ELECTED MARCH 9, 
1917 
FINN, JAMES R., Chief Electrician, 
Cutler-Hammer Mfg. Co.; res., 1913 
Cold Spring Ave., Milwaukee, Wis. 


INGLIS, JOSEPH JEFFREY, Chief Elec- 
trical Engineer, Dalzell Steel and 
Iron Works; res., "Heimat", Adele 
St., Motherwell, Scotland. 


MAHONEY, JOSEPH NATHANIEL, Engi- 
neer in Charge, Switch & Circuit 
Breaker Section, Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 


MEYER, WILLIAM E., Assistant Engi- 
neer, Public Service Electric Co., 
Newark; res., 55 Hampton Place, 
Nutley, N. J. 

Момоо, CHARLES J., Salesman, General 
Electric Co., 1314 Oliver Bldg.; res., 
5733 Forbes St., Pittsburgh, Pa. 

NEELY, FREDERICK L., Engineer, Light, 
Heat & Power Div., E. I. du Pont de 
Nemours & Co.; гез., 916 Delaware 
Ave., Wilmington, Del. 
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RILEY, LYNN GARDINER, Assistant to 
Control Section Engineer, Railway 
Engineering Dept., Westinghouse 
Electric & Mfg. Co., E. Pittsburgh, 
Pa. 

*SHUTE, EMMETT Ray, Assistant Traffic 
Engineer, Western Union Telegraph 
Co., 195 Broadway, New York; res., 
Floral Park, N. Y. 


STEWART, FENWICK JOSEPH THRASHER, 
Superintendent, Bureau of Surveys, 
N. Y. Board of Fire Underwriters, 
123 William St., New York, N. Y. 


SWAN, SAMUEL BoswortTH, Electrical 
Engineer, Narragansett ElectricLight- 
ing Co., Providence; res., Barrington, 

К.І. 

THOMPSON, GEORGE GARRETT, Electri- 
cal Engineer, Cutler-Hammer Mfg. 
Co.; гез., 305 22nd St., Milwaukee, 
Wis. 

WERTH, JAMES Ковевт, Electrical 
Engineer, Lighting Dept., General 
Electric Co.; res, 294 Front St., 
Schenectady, N. Y. 


*Former enrolled Student. 


ASSOCIATES RE-ELECTED MARCH 
9, 1917 


" Humiston, Joun M., Facilities Engi- 
neer, Chicago Telephone Co., 212 W. 
Washington St., Chicago, Ill. 

JOHNSTON, WILLIAM DEMOREST, Trans- 
mission Engineer, Central District 
Telephone Co.; гез., 1697 Suburban 

_ Ave., Pittsburgh, Pa. 

JOYNER, A. H. W., Manager, A. H. 
Winter Joyner, Ltd., 100 Wellington 
St. West; гез., 293 Huron St., To- 

 ronto, Ont. 

LYNDON, LAMAR, Consulting Engineer, 
30 Church St., New York, N. Y. 

TOWNSEND, Е. P. Sales Engineer, 
Cutler-Hammer Мір. Co.; res., 528 
‘Stowell Ave., Milwaukee, Wis. 

WOOLFENDEN, HENRY LUMSDEN, Dis- 
trict Manager, Allis-Chalmers Mfg. 
Co., Denver, Colo. 


OF A. I. E. E. (April 
MEMBER RE-ELECTED MARCH 9, 
1917 
STORRS, Harry A., Department of the 
Interior, U. S. Indian Service, Tuc- 

son, Ariz. 


ASSOCIATES ELECTED MARCH 9, 
1917 

ALGER, PHILIP LANGDON, Research 
Assistant in Electrical Engineering, 
Massachusetts Institute of Technol- 
ogy, Cambridge, Mass.; res., 34 South- 
gate Ave., Annapolis, Md. 

*ALLCUTT, CHESTER T., Research En- 
gineer, Westinghouse Electric & Mfg. 
Co., East Pittsburgh; res., 500 Todd 
St.; Wilkinsburg, Pa. 

ASHER, LEON, Operator, Utah Power 
& Light Co., Oneida Station, Preston, 
Idaho. 

ATWOOD, F. R., Engineer, Illinois Div., 
Central Union Telephone Co.; res., 
1216 So. 7th St., Springfield, ПІ. 

ВлАЦ.ЕҮ, К. S., Electrical Engineer, 
Utah Power & Light Co.; res., 69 N. 
State, Salt Lake City, Utah. 

“ВЕлАТтү, Lewis BONSELL, Asst. Engi- 
neer, Station Construction Dept., 
Philadelphia Electric Co., 1000 Chest- 
nut St., Philadelphia, Pa. 

BEYER, W. WirsowN, Designing En- 
gineer, Philadelphia Electric Co., 
Philadelphia; res., 520 Astor St., 
Norristown, Pa. 

BIESGEN, AvuGusT, Electrical Drafts- 
man, Cutler- Hammer Mfg. Co.; res., 
495 16th St., Milwaukee, Wis. 

*BILLINGSLEY, CLIFFORD HUTCHINGS, 
Engineer, Interstate Light & Power 
Co., Galena, Ill. 

BLACKWOOD, WILLIAM CUTLER, Elec- 
trical Engineer, N. Y. & Queens 
Electric Light & Power Co., Long 
Island City; res., 25 25th St., Elm- 
hurst, L. I., М. Y. 

BRATE, CHARLES FRANCIS, Engineering 
Dept., Aluminum Co. of America, 
2402 Oliver Bldg., Pittsburgh, Pa. 

*BROWN, HENRY B., Automatic Tel. 
Switchboard Installer, Automatic 
Electric Co., Edmonton, Alta., Can- 
ada. 
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*Вкомх. RICHARD EDMUND, Instructor 
in Electrical Engineering, University 
of Pennsylvania, Philadelphia, Pa. 

BURGGRAF, KARL HENRY, Apprentice, 
Lincoln Electric Co., Cleveland; res., 
Euclid, O. 

BURNAP, ROBERT SAMUEL, Research 
Assistant in Electrical Engineering, 
Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


CaLVERT, HAROLD, Electrical Engineer, 
Philadelphia Electric Co., 226 11th 
St., Philadelphia; res., 323 S. Chester 
Rd., Swarthmore, Pa. 


Сахтілх, А. H. S., Vice-President and 
Manager, Lehigh Valley Light & 
Power Со.. 542 Hamilton St.; res., 
125 N. 4th St., Allentown, Pa. 


Сок, Epwanp HUMPHREY, Sales En- 
gineer, Colorado Power Co., 828 
Symes Bldg.; res., 360 Humboldt St., 
Denver, Colo. 


CoNNELL, BENNETT ROBERT, Engineer, 
Power & Mining Engineering Dept., 
General Electric Co.; res., 417 Becker 
St., Schenectady, N. Y. 


CosTELLO, WILLIAM H., Engineer, Cut- 
ler-Hammer Mfg. Co.; res., 114 34th 
St., Milwaukee, Wis. 


CozaD, WALTER FRANKLIN, General 
Trafic Superintendent, Mountain 
States Tel. & Tel. Co., 1421 Champa 
St.; res., 1640 Madison St., Denver, 
Colo. 


CUERDON, T. JOSEPH, Chief Operator, 
Hydro-electric Plant, Cohoes Co., 
Cohoes; res., 434 6th Ave. N., Troy, 
N. Y. 


DE MurH, FRED A., Testing Engineer, 
Sanitary District of Chicago, 8151 & 
Western Ave.; res., 2840 S. St. Louis 
Ave., Chicago, Ill. 


DOUGHERTY, JOHN JOSEPH, Assistant 
System Operator, Duquesne Light 
Co.; res., 3406 Ward St., Pittsburgh, 
Pa. 

"Drew, WALTER WHITE, Acting Div. 
Trafüc Engineer, Western Union 
Telegraph Co., 111 W. Jackson Blvd.; 


res., 6243 St. Lawrence Ave., Chicago, 
Ill. 


INSTITUTE AFFAIRS 101 


*Du VALL, W. CLINTON, Instructor in 
Electrical Engineering, University 
of Pennsylvania; res., 5506 Upland 
St., Philadelphia, Pa. 

EASLEY, CARY BRECKINRIDGE, Assistant 
Electrical Engineer, Associated Fac- 
tory Mutual Fire Insurance Co's., 
'81 Milk St.; res., 336 Commonwealth 
Ave., Boston, Mass. 

ENGLAND, PHILLIP D., Electrical En- 
gineer, National Electric & Engineer- 
ing Co. Ltd.; res., Devenport, Auck- 
land, New Zealand. 

ENSWEILER, EDWARD JOSEPH, Electrical 
Testing, Cutler- Hammer Mfg. Co.; 
res., 865 25th St., Milwaukee, Wis. 

FLEMING, Davip B., Engineer, Ontario 
Hydroelectric Power Commission; 
res., 470 Euclid Ave., Toronto, On- 
tario. 

Ford, WILLIAM ARTHUR, Electrical 
Engineer, Rome Railway & Light Co., 
Rome, Ga. 

FOSTER, JOSEPH TURNER, Engineering 
Assistant Public Service Electric Co., 
Newark; res, 107 Duncan Ave. 
Jersey City, М. 1. 


FOSTER. WILLIAM, Superintendent, Aer- 


ial Lines, Philadelphia Electric Co.: 
res., 3218 Turner St., Philadelphia, 
Pa. 

Fox, ERNEST ALLEN, Assistant to 
Superintendent of Electric Dept., 
Charleston Consolidated Railway & 
Lighting Co., Charleston, S. C. 

*FRIEDE, HENRY, Valuation Engineer, 
Toledo Railways & Light Co.; res., 
103 Carleton Apts., Toledo, O. 

GASKELL, SAMUEL ATHERTON, Manag- 
ing Director, Lancashire Dynamo & 
Motor Co., 107 Duke St.; res., 175 

. Scarborough Rd., Toronto, Ont. 

GENOR, ANDREW CLIFFORD, Draftsman, 
Duquesne Light Co.; res., 219 Ken- 
nedy Ave., Pittsburgh, Pa. 

GIBBONY, ALVIN PERCY, Testing Trans- 
formers, Westinghouse Electric & 
Mfg. Co., E. Pittsburgh; res., 600 
Rebecca Ave., Wilkinsburg, Pa. 

*GOLDTHWAITE, GEORGE EDGAR, Asso- 
ciate Editor, Railway Electrical En- 
gineer; res., 140 W. 75th St., New 
York, N. Y. | 
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GORMAN, EDWARD ROWELL, Superin- 
tendent and Manager, Connecticut 
Co., Groton, Conn. . 

GRAH, MILWARD E., Engineering Dept., 
Toledo Railways & Light Co.; res., 
Marengo St., River Rd., Toledo, O. 

HARVEY, JOHN WILLIAM, Assistant 

' Professor of Electrical Engineering, 
University of Maine, Orono, Me. 

HEATH, LEwis ARTHUR, Engineer, 
General Electric Co., New York, N. 
Y.; res., 16 Livingston Ave., New 
Brunswick, N. J. 

HEUER, REINHOLD H., Engineer, Cut- 
ler- Hammer Mfg. Co.; res., 381 3rd 
Ave., Milwaukee, Wis. 

HOLLAND, W. E., Salesman, Dallas 
Office, Westinghouse Electric & Mfg. 
Co.; res., 809 N. Pearl, Dallas, Tex. 

HOLZBERGER, GEORGE R., Electrician, 
Electrical Construction Dept., Pacific 
Gas & Electric Ce., San Francisco; 
res., 461 34th St., Oakland, Cal. 

HOWARD, ROBERT BURNHAM, Field 
Engineer, Philadelphia Electric Co.; 
res., 4907 Walnut St., Philadelphia, 
Pa. 

Howe, WiLLIAM Mason, Experimental 
Tester, General Electric Co., West 
Lynn; res., 15 Newhall St., Lynn, 
Mass. 

HvuEy, CLARENCE, Chief Sub-Inspector, 
Electrical, New York Navy Yard; 
res., 295 Schermerhorn St., Brooklyn, 
N. Y. 

JEFFERS, GEORGE LINWOOD, Electrical 
Salesman, Westinghouse Electric & 
Mfg. Co., E Pittsburgh; res., 205 
Franklin Ave., Wilkinsburg, Pa. 

JERSEY, CHESTER CHARLES, Lieutenant, 
U. S. Navy, Navy Dept., Wash- 
ington, D. C. 

JOHNSON, ARTHUR F., Draftsman, Utah 
Power & Light Co.; res., 641 So. 4th 
East St., Salt Lake City, Utah. 

*KAZDA, CHARLES BOHUMEL, Instructor, 
Employees Courses, Chicago Central 
Station Institute; res., 2601 S. Trum- 
bull Ave., Chicago, Ill. 

KEELER, FRANK 5., Cadet Engineer, 
New York Edison Со., New York; 
гез., 247 Cumberland St., Brooklyn, 
N. Y. 
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KELLEY, CHESTER А., Operator, Utah 
Power & Light Co., Oneida Power 
Plant, Preston; res., Oneida, Idaho. 

“Ккк, Henry H., Cadet Engineer, 
Trumbull Public Service Co., Warren, 
Ohio. 

KNIPFER, FREDERIC C., Industrial Con- 
trol Engineering Dept., General Elec- 
tric Co.; res, 3 Cornelius Ave., 
Schenectady N. Y. 

*KURTZ, WILLIAM OVERTON, Engineer, 
New York Telephone Co., 15 Dey St., 
New York, М. Ү.; гез., 123 Gordon- 
hurst Ave., Upper Montclair, М. J. 

LAGERSTROM, Davip R., Assistant Engi- 
neer, Dept. of Light, Heat & Power, 
General Electric Co., Schenectady, 
N. Y. 

Laros, RussELL K., Power Engineer; 
Lehigh Valley Light & Power Co., 
res., У. M. C. A. Bidg., Allentown, 
Pa. 

LEE, Harry R., Chief Draftsman, 
Illinois Div., Central Union Tele- 
phone Co., 626 Reisch Bldg.; res., 
615 S. Park Ave., Springfield, Ill. 

*LEECH, ROBERT W., Sales Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 301 Gray Apts., 
Wilkinsburg, Pa. 

Гвіво.р, CaRRIN A., Electrical Engi- 
neer, Berks Engineering Co.; res., 
234 S. Third St., Reading, Pa. 


LESTER, JOHN Rusu, Instructor in 
Mechanical Arts and Mechanical 
Drawing, Ensley High School, En- 
sley, Ala. 

LockvER, R. Н. N., In charge Power 
Plant, Consolidated Mining & Smelt- 
ing Co., Trail, B. C. 

LOGAN, RoBERT SETON, Electrical 
Draughtsman, Northern Electric Co.; 
res., 821 Grosvenor Ave., Montreal, 
Que. 

LuUPINSKI, Носо HOUGHTON, Salesman, 
Westinghouse Electric & Mfg. Co., 
165 Broadway, New York; res., 
Liberty, N. Y. 

*MADDEN, MILTON FINNEY, Assistant 
with Chief Engineer, Mechanical 
Dept., Santa Fe Ry., Grand Canyon, 
Ariz. | 
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Marr, GEORGE M., Electrical Dept., 
Navy Yard; res., 896 Nostrand Ave. 
Brooklyn, N. Y. 

MATTHEWS, FRANK Percy, Electrical 
Superintendent, Dryden Timber & 
Power Co. Ltd., Dryden, Ont. 

MAXWELL, GILES SANFORD, Engineer, 
Railway Dept., General Electric Co.; 
res., 20 N. Church St., Schenectady, 
N. Y. 

McKEE, GROSVENOR STEWART, Assist- 
ant Yard Engineer, American Gas & 
Electric Co., Windsor Power Station, 
Windsor, W. Va. 

MICKLER, Суки, FRANCIS, Construction 
Foreman, General Electric Co., At- 
lanta; res., 26 E. 41st St., Savannah, 
Ga. 

Мпл.ав, EDWARD A., jr. Electrical 
Engineer, Foundation Co., New York, 
М. Y.; гез., 818 So. 49th St., Phila- 
delphia, Pa. 

MILLER, WILLIAM HEYER, Test Fore- 
man, Burke Electric Co.; res., 813 
Cherry St., Erie, Pa. | 

Мооке, ETHELBERT ERNEST, Electrical 
Engineer, Hydro-Electric Power Com- 
mission, 190 University Ave.; res., 
82 Fermanagh Ave., Toronto, Ont. 

*MorGAN, NEIL L., 395 Durocher St., 
Montreal, Que. 

MOYER, MELBOURNE SPEER, Certified 
Public Accountant, 8 South Dearborn 


St.; res, 5221 Woodlawn Ave., 
Chicago, Ill. 
MUNNINGHOFF, AUGUST, Foreman, 


Testing Dept., Cutler-Hammer Mfg. 
Co.; res., 1351 15th St., Milwaukee, 
Wis. 

NABESHIMA, UHACHI, 175 Fuller St., 
Brookline, Mass. 

OBERSCHMIDT, FRED HERMAN, Engi- 
neer, Cutler- Hammer Mfg. Co.; res., 
254 16th St., Milwaükee, Wis. 

Orwic, CLYDE EMANUEL, Assistant to 
Engineer, General Electric Co., 1302 
Oliver Bldg.; res., 7831 Susquehanna 
St., Pittsburgh, Pa. 

OwEN, FRED B., In charge of Standard- 
izing Dept., General Electric Co.; 
res., 3907 Fairfield Ave., Fort Wayne, 
Ind. 
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OWEN, WILLIAM BRADFORD. JR., Charge 
Meter and Wholesale Power Rate 
Dept., Wilkes Barre Co., 133 N. 
Washington St., Wilkes Barre, Pa. 

PANTON, HARRISON DouGLas, Engi- 
neering Office, Carolina Power & Light 
Co.; гез., 109 E. Lane St., Raleigh, 
М. С. 

PAYTON, MAURICE JOSHUA, Standardiz- 
ing Dept., General Electric Co.; res.. 
2726 S. Lafayette St., Ft. Wayne, Ind. 

PIERCE, THOMPSON BAIRD, Construc- 
tion Engineering, Appalachian Power 
Co.; res., 107 Ramsey St., Bluefield, 
W. Va. 

*PLass, CHARLES WEBSTER, Instructor 
in Electrical Engineering, University 
of Pennsylvania; res., Chew and 
Chelten Ave., Philadelphia, Pa. 

*PUBLOW, CEDRIC FRANKLIN, Designing ` 
Draftsman, Hydro-Electric Power 
Commission; res, 305 Gladstone 
Ave., Toronto, Ont. 

RALSTON, FARLEY C., District Substa- 
tion Foreman, Philadelphia Electric 
Co., Ogontz; res., 1941 Laveer St., 
Philadelphia, Pa. 

RAYNOR, KENNETH Мил.5, Foreman, 
Electrical Dept., Bethlehem Steel 
Co., So. Bethlehem; res., University 
Club, Bethlehem, Pa. 

*REES, [0015 DuBoirs, Engineering 
Apprentice, Westinghouse Electric & 
Mfg. Co., E. Pittsburgh; res., Gray 
Apts., Wilkinsburg, Pa. 


ROBERTSON, ARTHUR STUART, Hydro- 
Electric Power Commission; res., 34 
Kenneth Ave., Toronto, Ont. 


RUSSELL, EDWARD GORDON, Testing 
Engineer, Commonwealth Edison 
Co., 28 N. Market St.; res., 958 Lorel 
Ave., Chicago, Ill. 

RUSSELL, FRANK J., Engineering Dept., 
Cutler-Hammer Mfg. Со. Mil- 
waukee; res., 247 Johnson Ave., 
Wauwatosa, Wis. 


RussELL, WITMER, Cadet Engineer, 
New York Edison Co.; res., 666 W. 
207th St., New York, N. Y. 

Rust, ELMER P., Testing Engineer, 
C. H. Wheeler Mfg. Co.; res., 4733 N. 
Marvine St., Philadelphia, Pa. 
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SAMUELSON, JOHN AUGUST, Superin- 
tendent of Light and Power, Russell 
Light & Power Co., Russell, Kans. 


*SANFORD, JAMES HAROLD, Estimating 
Bureau, Philadelphia Electric Co., 
919 Walnut St., Philadelphia, Pa. 


SCHNEIDER, FREDERICK WILLIAM, 
Senior Inspector of Electric Conduc- 
tors, City of New York; res., 2121 
Arthur Ave., New York, N. Y. 


SCHWARZE, FRED, Electrical Engineer, 
Pfister & Vogel Leather Co.; res., 
1214 12th St., Milwaukee, Wis. 


*SCUTARI, CRISPIN, Engineer, 473 
Broadway, New York; res., 955 68th 
St., Brooklyn, N. Y. 


SEABROOK, W. CLARENCE, Construc- 
tion Div., General Electric Co., Phila- 
delphia; res., Fairfield, Pa. 


SEIBERT, WILLIAM J., Assistant Fore- 
man Electrical Maintenance, General 
Electric Co.; res., 212 Holland St., 
Erie, Pa. 

SHAKIN, VICTOR, Junior Electrical En- 
gineer, Public Service Commission, 
lst District, 2450 Equitable Bldg.; 
res., 815 Cauldwell Ave., New York, 
N. Y. 


SMOOT, WALTER D., Power Superin- 
tendent, Willard Storage Battery Co.; 
res., 719 E. 118th St., Cleveland, O. 


SNIDER, GEORGE E., Distribution En- 
gineer, Toledo Railways & Light Co.; 
res., 933 E. Bancroft, Toledo, O. 

SPENCE, JAMES, 2nd Lieut. R. E., 3/2 
London Divisional Signal Co. R. E., 
Signal Depot, Hitchin, Herts, Eng- 
land; res., 21 Burnbank Gardens. 
Glasgow, Scotland. 


SRINIVASAYENGAR, V. K., Electric Tele- 
graph Inspector, Madras & Southern 
Mahratta Railway, Hubli, India. 


STEARN, FRANKLIN ANDRUS, Telephone 
Engineer, Western Electric Co., New 
York, М. Y.; res, 197 E. 31% St., 
Paterson, М. ]. 


STEPHENSON, GORDON BENNETT, Elec- 
trical Tester, Cutler-Hammer Mfg. 
Co., Milwaukee; гез., 118 50th St., 
Wauwatosa, Wis. 
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STEWART, HAROLD CHARLES, Trans- 
former Engineering Dept., General 
Electric Co.; res., 185 Wahconah 
St., Pittsfield, Mass. 

STODDART, HERBERT GEORGE, Chief 
Electrician, Rubberset Co., Newark; 
res., 441 Norwood St., E. Orange, 
Neds > 

STOETZEL, DAvIpD, JR., Industrial Con- 
trol Engineering Dept., General Elec- 
tric Co.; res., 18 Snowden Ave., 
Schenectady, N. Y. 

STORY, EDWARD CARLETON, D. С. & 
WM. B. ]лскзом, 248 Boylston St., 
Boston; res., 26 Metropolitan Ave., 
Roslindale, Mass. 


SWARTZ, CHARLES AUGUSTUS, Salesman. 
Ludwig Hommel & Co., Pittsburgh; 
res., 007 Adelaide St. E., East Pitts- 
burgh, Pa. | 

TAUSSIG, WARREN ALLEN, Engineer, 
Wagner Electrical Mfg. Co., St. 
Louis; res., 549 E. Маш St. Kirk- 
wood, Mo. 


TETELMAN, Louis LEo, Jr., Electrical 
Engineer, Public Service Commis- 
sion; res., 475 E. 145th St, New 
York, N. Y. 


THAYER, CHARLES SANFORD, Electrical 
Superintendent, Aluminum Со. of 
America, Massena, N. Y. 


THOMPSON, CHARLES MILLS, Jr., Sta- 
tion Construction Dept., Philadelphia 
Electric Co., Philadelphia; res., 336 
W. Duval St., Germantown, Pa. 


THORN, CHARLES 5., Engineering Dept., 
Philadelphia Electric Co., Philadel- 
phia; res., Crum Lynne, Pa. 


THORNBURG, CaRL А., Chief Engineer, 
Kingsport Power Corp., Kingsport, 
Tenn. 

TONGE, JAMES LoMas, Assistant to the 
Electrical Engineer, D. & W. Fuse 
Co., Providence, R. I. 


TOURTELLOTT, ARTHUR, Electrician, 
Power Station, General Electric Co.; 
res., 159 E. lith St., Erie, Pa. 


'TOWNSEND, CHARLES PINCKNEY, Under- 
ground Dept., Georgia Railway & 
Power Co. Electric,&,Gas Bldg.; res., 
83 Park St., Atlanta, Ga. 
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TRUEBLOOD, HOWARD МОЕЕІТТ, Assist- 
ant Professor of Electrical Engineer- 
ing, University of Pennsylvania, 
Philadelphia, Pa. 

'VavTROT, Lours RICHARD, Electrical 
Engineer, Cutler-Hammer Mfg. Co.; 
res, 291 22nd St., Milwaukee, Wis. 

Wane, HENRY N., Development Engi- 
neer, Cutler-Hammer Mfg. Co.; res., 
386 22nd St., Milwaukee, Wis. 

"WEBBER, LEON HUBERT, Electrical 
Dept., М. Y. C. В. В., Room 4849, 
Grand Central Terminal, New York. 

WEBSTER, JAMES CLARENCE, Chemical 
Engineer, National Carbon Co.; res., 
14304 Detroit Ave., Cleveland, O. 

WELsH, RAYMOND WILMER, Engineer- 
ing Dept, Bell Telephone Co. of 
Pennsylvania; res., 1534 Diamond St., 
Philadelphia, Pa. 

WHITBECK, WILLIAM LEONARD, Head 
Tester, York Exchange, Mountain 


States Tel. & Tel. Co.; res., 1221 


Vine St., Denver, Colo. 

WIGHTMAN, JAMES WESLEY, Sales Engi- 
neer, General Electric Co., Cincin- 
nati, O.; res., Pineville, Ky. 

WiLLIAMS, SAMUEL S., Chief Engineer 
of Power Stations, Roanoke Railway 
& Electric Co., Roanoke, Va. 

‘Woop, Ray ALLEN, Sales Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 7721 Brashear 
St., Pittsburgh, Pa. ` 

Woop, WILLIAM MUSGRAVE, Inspecting 
Engineer’s Staff, United Gas Im- 
provement Co., 1401 Arch St. 
Philadelphia, Pa. | 

Үоксва, M., Engineering Commander, 
Imperial Japanese Navy, Room 1513, 
29 Madison Ave., New York, N. Y. 

“ZIMMERMAN, WILLIAM J., Cadet Engi- 
neer, Philadelphia Electric Co.; res., 
2241 N. 18th St., Philadelphia, Pa. 

ZOLLER, MARTIN LEOPOLD, Electrician, 
Natomas Consolidated of California; 
геѕ., 2319 Р St., Sacramento, Cal. 

Zoxnic, HERMANN HEINRICH, Ist Lieu- 
tenant, Ordnance Dept., U. S. Army, 
Watertown Arsenal, Watertown; res., 
19 Judkins St., Newtonville, Mass. 

Total 140. 

"Former enrolled Students. 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners recom- 
mended the following members of the 
Institute for transfer to the grade of 
membership indicated. Any objection 
to these transfers should be filed at 
once with the Secretary. 


Recommended at meeting March 6, 
1917. 
To Grade of Fellow 
HEWLETT, E. M., Engineer of Switch- 
board Dept., General Electric Co., 
Schenectady, N. Y. 
LYNDON, LAMAR, Consulting Engineer, 
New York, N. Y 
YARDLEY, J. L. M., Engineer, Westing- 
house Electric & Mfg. Co., East 
Pittsburgh, Pa. 


To Grade of Member 


LisTON, JOHN, Technical Writer and 
Lecturer, Publication Bureau, Gen- 
eral Electric Co., Schenectady, N. Y. 


Recommended at Meeting March 19, 
1917. 


To Grade of Member 


ATKISSON, E. J., Captain, Corps of 
Engineers, Assistant Superintendent, 
Gatun Locks, Gatun, C. Z. 


Recommended at Meeting March 22, 
1917. 


To Grade of Member 


BLACKBURN, LEONARD А., Electrical 
Engineer, E. I. du Pont de Nemours 
& Co., City Point, Va. 

CARR, WALTER DE LANCEY, Assistant 
to Electrical Engineer, United Gas 
Improvement Co., Philadelphia, Pa. 


HARVEY, GILBERT A., Electrical Engi- 
neer, Philadelphia Rapid Transit Co., 
Philadelphia, Pa. 

JAMIESON, BERTRAND C., Engineer of 
Inside Plant, Commonwealth Edison 
Co., Chicago, Ill. 


LIVERSIDGE, Horace P., Operating En- 
gineer, Philadelphia Electric Co., 
Philadelphia, Pa. 


106 


LYLE, FREDERICK W., Electrical Engi- 
neer, Research Laboratory, General 
Electric Co., Lynn, Mass. 

бсотт, Ерсак G., Superintendent of 
Power and Repairs, Ludlow Manu- 
facturing Associates, Ludlow, Mass. 


TRANSFERRED TO THE GRADE OF 
FELLOW MARCH 9, 1917 


KNIGHT, GEORGE LAURENCE, Designing 
Engineer, Edison Electric Illumina- 
ting Co. of Brooklyn, Brooklyn, N. Y. 

PEIRCE, ALBERT EDWIN, Vice-President 
and General Manager, Wisconsin- 
Minnesota Power & Light Co., Eau 
Claire, Wis. 

TESLA, NIKOLA, Inventor, New York, 
N. Y. 


TRAN SFERRED TO THE GRADE OF 
MEMBER MARCH 9, 1917 


KEELER, N. B., Junior Electrical Engi- 
neer, Fort Drum, P. I. 

LINDSTROM, GusTAV, Chief Engineer 
and Secretary, Electric Products Co., 
Cleveland, O. 

Morrow, L. W. W., Associate Professor 

. of Electrical Engineering, University 
of Oklahoma, Norman, Okla. 

WOOLFENDEN, H. L., District Manager, 
Allis-Chalmers Мір. Co., Denver, 
Colo. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following can- 
didates for election to membership in 
the Institute. Unless otherwise indi- 
cated the applicant has applied for ad- 
mission as an Associate. If the applicant 
has applied for direct admission to a 
higher grade than Associate, the grade 
follows immediately after the name. 
Any member objecting to the election 
of any of these candidates should so 
inform the Secretary before April 30, 
1917. 

Ambuhl, Е. F., Toronto, Ont. 
Armstrong, H. H., Detroit Mich. 
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Baker, L. A., E. Pittsburgh, Pa. 

Baker, R., New York, N. Y. 

Ballard, B. J. (Member), Cleveland, O. 

Bartlett, A. E., Schenectady, N. Y. 

Bell, R. S., Toronto, Ont. 

Bishop, E. A., Chicago, Ill. 

Bodenbach, R. P., Milwaukee, Wis. 

Bonham, L. D., Denver, Colo. 

Bowditch, R., Indianapolis, Ind. 

Brooke, B. F., Philadelphia, Pa. 

Brown, C. С.; Rochester, М. Y. 

Burgess, H. O. Bangor, Me. 

Carr, J. M., Detroit, Mich. 

Catlin, J. P. (Member), Pittsfield, Mass. 

Cavanagh, J. F. (Member), Meriden, 
Conn. 

Clapp, D., Boston, Mass. 

Clark, C. E., Los Angeles, Cal. 

Clarke, C. F., Chicago, Ill. 

Coleman, R. M. (Member), New York, 
N. Y. 

Collins, J. L. (Member), Lowell, Mass. 

Conner, G. C., Boston, Mass. 

Cooper, S. C., New York, N. Y. 

Dair, W. J. O., New York, N. Y. 

Darlington, G. P., Philadelphia, Pa. 

Davidson, J. E.. (Member), Omaha, Neb. 

Day, R. F., Philadelphia, Pa. 

de Clercq, A. G. (Member), Chicago, Ill. 

Degenn, F. S., Detroit, Mich. 

Dehn, G. R., Balboa, C. Z. 

Dillon, T. H., Gatun, C. Z. 

Downey, H. J., Detroit, Mich. 

Downie, R. J., San Francisco, Cal. 

Emerson, W. R., Muskogee, Okla. 

Engelmann, J. L., Cleveland, O. 

Ennis, W. H., New Orleans, La. 

Eshbach, O. W., S. Bethlehem, Pa. 

Fagge, W. E., Ardmore, Pa. 

Fischer, C. W., Chicago, Ill. 

Fisher, C. H., Wilmington, Del. 

Forde, W. H., Boston, Mass. 

Foster, O. L., Chicago, Ill. 

Frank, M. H., Galesburg, Ill. 

Gamper, G. H., Columbus, O. 

Grant, L. H., Fresno, Cal. 

Green, A. W. G., Montreal, Que. 

Groenke, С. H., Balboa, C. Z. 

Grubbs, C., Salinas, Cal. 

Guy, W. T., Detroit, Mich. 

Hansen, O., Chicago, Ill. 

Haralson, М. М., Philadelphia, Pa. 

Hazard, F. H., New York, N. Y. 
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Hayashi, Y., Sukegawa, Japan 

Horr, E. N., Norristown, Pa. 

Hunter, R. N. Cambridge, Mass. 
Hutchins, W. J. М., St. Paul, Minn. 
Irwin, A. E., Kimball, Neb. 

Jacobs, E. H. (Fellow), Chicago, Ill. 
Jacobs, G. A., Ft. Wayne, Ind. 
Johnson, C. М., E. Pittsburgh, Pa. 
Jones, W. E., Chicago, Ill. 

Keeler, E. A., Philadelphia, Pa. 


Keith, W. G. (Member), Chicago, Ill. 


Keller, C. C., Chicago, Ill. 
Kennedy, S. J., Oakland, Cal. 
Key, H. W., Atlanta, Ga. 


Kiser, A. B. (Member), Pittsburgh, Pa. 


Knight, E. W., Columbus, O. 
Kobak, E., New York, N. Y. 
Kreis, J. G., New Haven, Conn. 
Krogman, W. W., Chicago, Ill. 
Krout, P. B., Philadelphia, Pa. 


Kuhlman, E. (Member),Bay City, Mich. 


Laing, N. B., Detroit, Mich. 
Lauder, А. К. K., Schenectady, N. Y. 
Lawson, J. S., New York, N. Y. 


Leach, R. W. (Fellow), Boston, Mass. 


Lewis, A. T., Philadelphia, Pa. 
Lineberry, E., Newark, N. J. 
Litchfield, R. B., New York, N. Y. 
Lorenz, C. F., Cleveland, O. 

Loy, J. M., Altoona, Pa. 
Macdonald, W. G., Halifax, N. S. 
Magnus, M. H., New York, N. Y. 
Manwaring, M., Murray, Utah 
Matson, C. H., Ft. Wayne, Ind. 
McAllister, E. G., Philadelphia, Pa. 
McCormick, R. J., Detroit Mich. 
McKay, J. А., Badin, М. C. 

McKee, M., Detroit, Mich. 


McKinnell, D. M., New Bedford, Mass. 


Mentzel, J. R., Oshkosh, Wis. 
Merwin, F. R., New Orleans, La. 
Mikaloff, J. P., Jr., Philadelphia, Pa. 
Millar, H. H., Oakland, Cal. 

Miller, H. P., Deadwood, S. D. 

Mills, H. A., Denver, Colo. 
Momberger, W. J., New York, N. Y. 
Moore, E. B., Toledo, O. 

Morgan, C. W., E. Pittsburgh, Pa. 
Morrell, E. S., Philadelphia, Pa. 
Munyan, E. A., City Point, Va. 
Murray, A. H., Hamilton, Ont. 


Norris, R. (Member), Philadelphia, Pa. 


Ober, E. M., Vancouver, B. C. 

Oster, E., Cincinnati, O. 

Owens, G. M., Detroit, Mich. 

Paszkiewicz, J. A. Chcago, Ill. 

Perkins, H. R., Detroit, Mich. 

Pihl, C. A., Pittsfield, Mass. 

Porta, P. P., New York, N. Y. 

Potts, H. B., Byesville, O. 

Powell, E. J., Scranton, Pa. 

Pratt, R. H. (Member), Atlanta, Ga. 

Randolph, C. P. (Member), Pittsfield, 
Mass. 

Reis, M. de O., Porto Alegre,Brazil 

Robinson, С. N., Denver, Colo.: 

Ruegg, A., Milwaukee, Wis. 

Salisbury, R. D., Denver, Colo. 

Sandig, G. C., Denver, Colo. 

Saperston, Q. N., Chicago, Ill. 

Schirtzinger, L., Pittsburgh, Pa. 

Siegfried, J. F. (Member), Easton, Pa. 

Smith, H. J., San Francisco, Cal. 

Smith, I. T., Jr., Brooklyn, N. Y. 

Smith, R. C., Columbus, O. 

Smith, R. E., Lowell, Mass. 


Snyder, Е. T. (Member), Chicago, Ill. . 


Steele, E. H., New Bedford, Mass. 

Stinson, W. L., Newark, N. J. 

Stokes, P. F., Cleveland, O. 

Sullivan, J. S. B., Rochester, N. Y. 

Taylor, A. J. T. (Member), Vancouver, 
B. C. 

Thomas, R. S., Blackwell, Okla. 

Todd, W., Omaha, Neb.’ 

Toll, L. C., Cleveland, O. 

Tonkin, J., Santiago, Chile 

Torzillo, С.М. (Member), Springfield, ПІ. 

Tyson, E. H., Allentown, Pa. 

Underhill, H. J., Virginia, Minn. 

Walrath, A. J., Detroit, Mich. 

Watson, J. N. M., New York, N. Y. 

Webster, E., Lynn, Mass. 

Weeman, H. F., Detroit, Mich. 

Weir, R. P., Toronto, Ont. 

White, E. J., Newark, N. J. 

Winn, C. E., Chicago, Ill. 

Wolfe, М. A., Schenectady, М. Y. 

Woodfield, A. M., Philadelphia, Pa. 

Wright, E. H., Chicago, Ill. 

Wright, F. V. Z., Silverton, Colo. 

Yokoyama, M., Tokio, Japan 

Total 153. 
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8800 
8801 
8802 
8803 
8804. 
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8813 
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8816 
8817 
8818 
8819 
8820 
8821 
8822 
8823 
8824 
8825 
8826 
8827 
8828 
8829 
8830 
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8832 
8833 
8834 
8835 
8836 
8837 
8838 
8839 
8840 
8841 
8842 
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McGanophy, J. B., Univ of Ark. 
Salter, W. F., М. Y. Elec. Sch. 
Mackey, B. R., Univ. of Penna. 
Campbell, F. W., Univ. of Penna. 
de Campos, А., Univ. of Penna. 
Stange,C.C., Tri-State Coll.ofEng. 
Hagen, R. C., Mont. State Coll. 
Worthen, C. H., Wash. State Coll. 
Cain, L. L., Tri-State Coll. Engg. 
Rudolph, H.L. Ohio North. Univ. 
Anderson, W. F., Rensselaer Poly. 
Inst. 


de Andrade, J. M., Rensselaer 
Poly. Inst. 
Johnson, H. M., Rensselaer Poly. 


Inst. 
Mackenzie, J. V. A., Rensselaer 
Poly. Inst. 
Moore, R.P. Rensselaer Poly.Inst. 
Snyder, T.M., Rensselaer Poly.Inst. 
Townsend, W. R., Jr., Rensselaer 
Poly. Inst. 
White, H.A., Rensselaer Poly. Inst. 
Hass, J. S., Drexel Institute 
Wild, O. A., Drexel Institute 
Gray, S. M., Univ. of Penna. 
Lowry, R.C.,A. & M. Coll. of Tex. 
Cohn, J. W., Armour Inst. Tech. 


‘Leonard, H. C., Union College 


Davis, L. I., Ala. Poly. Inst. 
Trawick, H. P., Ala. Poly. Inst. 
Warren, J. J., Ala. Poly. Inst. 
Jones, T. M., Ala. Poly. Inst. 
Jacobs, W. S., Ala. Poly. Inst. 
Simmons, Е. K., Ala. Poly. Inst. 
Terrell, P. A., Ala. Poly. Inst. 
Protzky, J., Cooper Union 
Kodil, C. E., Los Angeles Poly. 
Junior College. 
Stacy, J.D., Rensselaer Poly. Inst. 
Singh, C., Univ. of Illinois 
Siegmund, H. O., Univ. of Ill. 
Newcomb, P. H., Yale Univ. 
Gower, A. W., Univ. of Wis. 
Kadlecek, E. M., Univ. of Neb. 
Godfrey, H. L., Univ. of Penna. 
Glanz, C. C., Univ. of Penna. 
Trimble, W. E., Bucknell Univ. 
Dixon, C. T., Univ. of Calif. 
Kupshas, A.C., Armour Inst. Tech. 
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8844 
8845 
8846 
8847 
8848 
8840 
8850 
8851 
8852 
8853 
8854 
8855 
8856 
8857 
8858 
8859 
8860 
8861 
8862 
8863 
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8867 
8868 
8869 
8870 
8871 
8872 
8878 
8874 
8875 


8876 
8877 
8878 
8879 
8880 
8881 
8882 
8888 
8884 
8885 
8886 
8887 
8888 
8889 
8890 
8891 
8892 
8893 
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Zimmermann, A., Armour Inst. 
Tech. 
Taylor, W. J., N. Y. Elec. Sch. 
Arcaute, J. A., М. Y. Elec. Sch.: 
Yost, C. H., Cornell Univ. 
Nankivell, F. J., Cornell Univ. 
Winn, G. P., Univ. of Ill. 
Butterfield, F. E., Univ. of Ill. 
Green, S. 5., Purdue, Univ. 
Woonton, W. G., Univ. of Toronto 
Luke, G. E., Princeton Univ. 
Brooks, C. H., Jr., Univ. of Tex. 
Weeg, W. J., Univ. of Tex. 
Fernandez, L. А. J., Univ. of Tex. 
McComas, W. C., Univ. of Tex. 
Harrison, W. H., Univ. of Tex. 
Porter, W., Columbia Univ. 
Riley, А. J. G., Tufts Coll. 
Cree, J. O., Iowa State Coll. 
Knutz, J. H., Iowa State Coll. 
Longley, K. O., Iowa State Coll. 
Evans, S. 5., Iowa State Coll. 
Merrick, C. I., Iowa State Coll. 
Abbott, D. A., Iowa State Coll. 
Bartlett, G. S., Iowa State Coll. 
Blakeslee, R. O., Iowa State Coll. 
Brunner, W. W., Iowa State Coll. 
Coquillette, L. W.,Iowa State Coll. 
Foley, M. J., Iowa State Coll. 
Fridholm, B., Iowa State Coll. 
Laubenfells, C.R., Iowa State Coll. 
Stuart, V. N., Iowa State Coll. 
Windenburg,E.L.,Iowa State Coll. 
Hoeppner, H. L., Tri-State Coll. 
Engg. 
Freehafer, F. K., Univ. of Penna. 
Husson, H. L., Univ. of Ill. 
Rowe, J. L., Univ. of Ill. 
Zen, H., Univ. of Illinois 
Koehler, G., Univ. of Illinois 
Brooks, F. A., Univ. of Ill. 
Reagan, M. E., Univ. of Ill. 
Crutcher, W. L., Univ. of Ш. 
Wilson, G. C., Univ. of Ill. 
McKim, H.A., Jr., Stanford Univ. 
Scholz, C. E., Stanford Univ. 
Irvine, J., Stanford Univ. 
Hammett, H. R., Stanford Univ. 
Gray, L. R., Univ. of Ill. 
Williams, E. H., Wash. State Coll. 
Dequine, G. F., Univ. of Wis. 
Johnson, R.]J., Tri- State Coll. Engg. 
Nash, B. M., Okla. A. & M. Coll. 
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*504 Martin, T. E., Univ. of Texas 
№95 Williams, R.C., Penna. State Coll. 
5596 Whiteman,R.A.,Penna.State Coll. 
97 Kilpatrick, W. S., Univ. of Mich. 
*98 Emmons, F. J., Univ. of Mich. 
5599 Knapp, А. К., Colo. Agri. Coll. 
“900 Key, С. T., Jr., Ala. Poly. Inst. 
39001 Angove, C., Univ. of Wash. 
5902 Baechle,C.A.,RensselaerPoly.Inst. 
5903 Stone, N.H.,Rensselaer Poly. Inst. 
5904 Pippenger, H.F., Mont. State Coll. 
5905 Costa, J. de A., Univ. of Penna. 
3906 Eslick, E., Univ. of Tenn. 
5907 Etem, C. A., Univ. of Missouri 
5908 James, Е. E., Poly. Coll. of Engg. 
8909 Deering, В. H., Wentworth Inst. 
5910 Colburn, W. H., Worcester Poly. 
Inst. | 

8911 Scott, J. V., Jr., Drexel Inst. 
3912 Gibson, G. W., Drexel Inst. 

Total 114 


OBITUARY 

FERDINAND W. ROEBLING, treasurer 
and general manager of the John A. 
Roebling Sons’ Company, died at his 
home, 222 West State Street, Trenton, 
N.J., March 16, 1917. Mr. Roebling was 
born in Saxonburg, Penn., Feb. 27, 1842 
and was a son of John A. Roebling, the 
ploneer rope manufacturer in this 
country. 

Mr. Roebling was an officer in many 
corporations, а member of the Union 
League Club and Engineers’ Club and 
an Associate of the American Institute 
of Electrical Engineers. 


PERSONAL 


Мк. |онх D. BALL has accepted the 
Professorship of Electrical Engineering 
at the School of Engineering of Mil- 
Waukee, Wisconsin. Mr. Ball is a 
graduate electrical engineer of Illinois 
University. During his service for the 
past ten years in the Testing Depart- 
ment, Standardizing Laboratory and 
Consulting Engineering Department of 
the General Electric Company, he has 
presented to the Engineering Societies 
and the domestic and foreign technical 
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press a number of articles connected 
with his investigation of magnetic 
phenomena. 


Mr. ОЕ E. GRIGSBY who has been 
electrical engineer and factory manager 
for the Benjamin Electric Limited of 
London, England, and who recently 
returned to the United States has now 
become Secretary of the Anderson Elec- 
tric Specialty Company of 562-564 W. 
Vanburen St., Chicago. 


Mr. EpwiN С. HarcH, Consulting 
Engineer, New York City, 1$ arranging 
for the manufacture in this country of a 
large quantity of 5 per cent nickel steel 
turbine blades for Victoria Falls and 
Transvaal Power Company, Ltd. of 
South Africa, whose plant serves the 
Rand Gold Mines. These turbine 
buckets were previous to the war 
manufactured іп Germany. | 


Mr. W. S. Восс formerly District 
Manager of the New York Sales Office 
of the Westinghouse Electric and Mfg. 
Company has resigned his position to 
become Manager of the Railway De- 
partment, with headquarters at Pitts- 
burgh. 


Mr. C. S. Cook has resigned his 
position of Manager of Railway Depart- 
ment of the Westinghouse Electric and 
Mfg. Company to become General 
Manager of the Duquesne Lighting 
Company of Pittsburgh, Pa. 


Mr. E. D. KILBURN formerly Mana- 
ger of the Power and Railway Divisions 
of the New York office of the Westing- 
house Electric and Mfg. Company has 
been appointed Manager of the New 
York office. 


Мк. GEORGE B. Tripp, formerly Vice 
President of the United Gas and Elec- 
tric Engineering Corporation, has been 


elected President of the Central Con- 


struction Corporation of Harrisburg, 
Penn. and will devote his time in the 
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future to the management of this enter- 
prise. 


Mr. D. H. BRAYMER, who for the 
past two years has been engineering 
editor of the Electrical World, has re- 
signed to assume the editorship of the 
Electrical Record. Prior to his con- 
nection with the Electrical World, Mr. 
Braymer was editor of Electrical Engi- 
neering of Atlanta, Ga., and of its 
predecessor, the Southern Electrician. 
He is a graduate of Cornell University 
and spent some years with the Electrical 
Testing Laboratories and the Western 
Electric Company in New York City 
before engaging in editorial work. 


H. S. ЕогЕҮ, who has been con- 
nected with the F. S. Pearson com- 
panies in Mexico and Barcelona for the 
past thirteen years, recently resigned 
and is now connected with the Com- 
pagnie Generale d'Electricite, with 
headquarters in Paris. Mr. Foley is at 
present in this country arranging for 
the purchase of machinery and supplies 
for some of the properties which his 
company operates in France. Mr. 
Foley was one of the organizers of the 
Mexico Section and served variously as 
Secretary and as Chairman. 


ACCESSIONS TO LIBRARY 


This list includes books which have been pre- 
sented to the library of the A. I. E. E. and the 
U. E. S. during the past month, not including 
periodicals and other exchanges. 

American Telephone and Telegraph Company. 
Annual Report 1916. New York, 1917. 
(Gift of Company). | 

Cancellation and substitution. An address before 
the Insurance Society of New York, October 


5,1915. (Gift of Insurance Society of New 
York). 

High-Frequency Apparatus. Ву Thomas S.: 
Curtis. New York, Everyday Mechanics 


Co., Іпс., 1916. (Gift of Author). 

New York State Department of Labor. Annual 
Report of the Industrial Commission, 1915. 
Albany, 19106. 
Labor). 

New York (State) Public Service Commission, 
Second District. Annual Report 9th, 1915, 
volume II. Albany, 1916. (Gift of Com- 
mission). 
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° Telephone Apparatus. An introduction to the 


development and theory. By George D. 
Shepardson. New York, D. Appleton Ж 
Co., 1917. (Gift of publisher). 

Underwriters’ Laboratories. Electrical Data, 
February, 1917. Chicago, 1917. (Gift of 
Underwriters’ Laboratories). . 

Use and Occupancy: Profits and Commissions. 
Rents and Leasehold Insurance. Ап address 
before the Insurance Society of New York, 
Jan. 30, 1917. (Gift of Insurance Society of 
New York). 

William А. Read, et al. vs. Central Union Tele- 
phone Company, et al. Opinion rendered by 
Judge William E. Dever, January 20, 1917. 
(Gift of Cassoday Butler Lamb and Foster). 


UNITED ENGINEERING SOCIETY 


A Brief Description of the Physical and Operating 
Properties of the Subsidiary and Affiliated 
Companies of the General Gas and Electric 
Company, May 1915. Мем York, n.d. 
(Gift of Chas. H. Armstrong). 

Allentown, Pa. Mayor's Annual Message, 1916. 

Report of Superintendent of the Department 

of Accounts and Finance of the Public 

Accounts 1916-1917. (Gift of City Clerk). 

American Iron & Steel Institute. Year Book, 
1910, 1912-1915. New York, 1910, 1912-15. 
(Gift of American Iron and Steel Institute). 

By-Product coke and gas ovens and systems for 
the recovery of ammonia, tar and benzols. 
Designed and built by H. Koppers Company. 
Pittsburgh, n.d. (Gift of H. W. Nicolson). 

Buyers' Guide for Textile Mills. A handy refer- 
ence book for buyers of textile mill supplies 
and equipment. New York, n.d. (Gift of 
Textile World Journal). 

Electric Central Station Distribution Systems, 


their design and construction. Ed. 2. Bv 
H. B. Gear and P. F. Williams. New York, 
D. Van Nostrand Co., 1916. (Gift of 


Publishers). 

Federal Valuation of the Railroads in the United 
States. Statement prepared by H. C. Phil- 
lips, of the developments in connection with 
Federal valuation as of February 10, 1917. 
(Gift of Clemens Herschel). 


Graphite, 1916. (Gift of Joseph Dixon Crucible 
Co.) 


Motor Cycling Manual. Ей. 3. 
(Gift of Frank Gilliland). 


National Committee for the Prevention of Blind- 
ness. Annual Report. 24, Хоу. 1916. 
New York, 1916. (Gift of L. Cammen). 


National Lamp Works of General Electric Com- 
pany. Abstract— Bulletin of Nela Research 
Laboratory v. 1, no. 2. Cleveland, 1917. 
(Gift of National Lamp Works). 


New York (City) Department of Water Supply, | 
Gas and Electricity. (Communication from 
Commissioner William Williams to the 
Board of Estimate and Apportionment, 
transmitting report of Deputy Commissioner 
Wilcox upon the Citizens Water Supply Com- 


London, n.d. 
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pany of Newton, Borough of Queens. Feb. 
9, 1917. 

——Report of Delos F. Wilcox, in relation to the 
Citizens Water Supply Company of Newton, 
Oct. 7, 1916. (Gift of City of New York 
Department of Water Supply, Gas and 
Electricity). 

Physical Experiments for Engineering Students. 
By Samuel Sheldon and Erich Hausmann. 
Part I. Mechanics, Sound, Heat and Light. 
New York, D. Van Nostrand, Co., 1917. 
(Gift of Publishers). 

Russia. Scientific Committee of the Ministry of 
Agriculture. Bulletin of Bureau of Agricul- 
tural Mechanics. Vol.8, nos. 1-3. n.p. 1916. 
(Gift of Committee). 

Russian Electrotechnical Commission. Stand- 
ardization Rules of the American Institute 
of Electrical Engineers. (In Russian) n.p. 
1916. (Gift of Commission). 

Russian Electrotechnical Terminology. By L. D. 
Tsaxoff. (Russia) n.p. 1916. (Gift of 
International Electrotechnical Commission). 

Seaboard Air Line Railway Company. Annual 
Statement 1909-1916. Portsmouth, Va. 
1909-16. (Gift of Company). 

Springfield (Ill.) Insurance Department. Ad- 
dresses and Papers on Insurance. By R. M. 
Potts. Springfield, 1917. (Gift of Insurance 
Department). 

Strength of Ships. By А. J. Murray. New York. 
Longmans, Green & Co., 1916. (Gift of 
Publisher). 


Tentative Valuation by Interstate Commerce 


Commission, Feb. 14, 1917. Elgin, Joliet & 
Eastern Railway. (Gift of Clemens Her- 
schel). 


The Development of the Steam Engine. By Max 


Toltz. (Gift of W. P. Cutter). 


The Toltz-Lipschutz Acetylene Car Lighting 


System. By Max Toltz. (Gift of W. P. 
Cutter). 


U. S. Bureau of Standards. Circular nos. 14, ed. 


5; 16, ed. 4; 30, 35, ed. 2; 38, 3d. 2; 48-49, 
ed. 2; 51; 52, ed. 2; 53, 54, ed. 2; 55, 57, ed. 2; 
59, 60. 


Scientific Papers. nos. 2067-8, 271-6, 278-9; 
282-91, 293-5. 

Technologic papers. nos. 25, 41, 70, 73, 76, 
77, 79, 82. 


U. S. Bureau of Standards. Weights and Meas- 


ures. llth Annual Conference. Washing- 
ton, 1917. (Gift of Bureau of Standards). 


U. S. Interstate Commerce Commission. Valua- 


tion in the matter of the property of the 
Atlanta, Birmingham & Atlantic Railroad 
Company, Georgia Terminal Company and 
Alabama Terminal Railroad Company. 
Hearing, Washington, Jan. 29-Feb. 3, 1917. 
(Gift of Clemens Herschel). 


Western Reserve University. Catalogue, 1916- 


17. Cleveland, 1917. (Gift of University). 


Who's Who in America. 1903-05. Chicago, 1905. 
(Gift of Clemens Herschel). 


EMPLOYMENT BULLETIN 


Vacancies.— The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN. 
The cooperation of the membership Dy notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 
words in length) will be published without charge to members. Announcements 
will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Secretary's office 
not later than the 20th of the month if publication in the following issue is de- 
sired. All replies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 


V-188. Wanted: Electrical Engi- 
neer with practical experience in the 
design, manufacture and application of 
direct-current motors and controllers 
for hoisting service, electric cranes, etc. 
Must have good training, technical 
education, and ability to work into 
responsible position. Reply should give 
full particulars of previous employment, 
experience, salary expected, etc. 


V-218. Experienced meter tester 
who is capable of testing all types of 


recording and indicating meters, re- 
pairs, etc., both in central station and 
laboratory. Must understand  high- 
tension work and be able to test switch- 
board meters wheninservice. Excellent 
opportunity for right man, with chances 
for advancement and good salary. 


New England location. State age, 


experience, references and salary to 
start. 


V-219. Production Manager. А 
concern manufacturing metal products, 
in the vicinity of New York, has an 
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opening with a good future for a produc- 
tion manager. Must have had practical 
experience in every branch, such as 
shop work, drawing room work, tool 
designing, etc.; must also have had 
successful experience of at least five 
years; must be thoroughly informed 
іп modern cost and planning depart- 
ment methods, electrical manufacturing 
experience preferred, although not 
absolutely essential. 
about $3,500. 


V-220. Ап engineer who has had 
experience in designing modern direct- 
current motors in medium sizes for 
quantity manufacture. © Must have 
done original work and be able to pro- 
duce designs that will result 1n compet- 
itive machines as to performance and 
cost. Technical education a requisite. 


У-221. "Transformer Draftsman-De- 
signer. One with experience in low 
voltage, high current transformers as 
used in induction furnace or welding 
work. An unusual opportunity to 
connect with a progressive, rapidly 
growing concern; location near Boston. 
Please state fully experience and salary 
desired in first letter, to receive atten- 
tion. 


V.222. Electrical Draftsman for 
generating and substation design, on 
large capacity, high and moderate volt- 
age systems. Applicants must state 
nationality, education, experience, age, 
whether married or single, and salary 
desired. Location, Canada. 


V-225. Engineer. Young technical 
graduate to engineer design and produc- 
tion of electro-mechanical devices, and 
to conduct performance tests on stand- 
ard and special designs. Salary to start 
$100. Location, Middle West. 


V-226. Technical graduate in elec- 
trical engineering for laboratory work. 
Must be able to adapt himself to the 
various personnel of large organization. 
Must also have a personality which will 
enable him to meet customers, adjust 
complaints and develop into sales 
engineer. Man with about a year's 
experience in operation of motors and 
generators preferred. Give full partic- 
ulars. Good opportunity. 


V-227. Assistant to Manager. A 
concern manufacturing electrical spe- 
cialties, located near New York, requires 
an assistant to its factory manager. 
Must have had some shop experience 
and able to follow up work іп factory 
and see that directions are properly 
carried out. Technical education de- 
sirable but not essential. Salary to 
start about $30. 
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V.228. Electrical Draftsmen. Sev- 
eral openings for electrical draftsmen 
with switchboard experience in specialtv 
company located near New York. State 
salary desired. 

V-229. Opportunity for an electrical 
engineer of broad experience in the 
development and manufacture of elec- 
trical apparatus, particularly transfor- 
mer coils for X-ray outfits. He should 
be capable of managing the engineering 
department of a progressive industrial 
plant and should possess a thorough 
knowledge of mechanics as well as 
experience in the electrical field. Appli- 
cants should give full particulars with 
references, experience, etc. Answers 
will be treated with strict confidence. 
Location, New York. 

V-230. Ап engineering corporation 
has several vacancies for young men 
with some technical training for valua- 
tion and inventory work. Moderate 
salary to start with reasonable chance 
for advancement. 


V.231. Wanted: Plant Engineer 
with a knowledge of general factory 
planning, arrangement of machine tools, 
motor applications, piping and power 
hee work. Please give full particu- 
ars. 


V-232. Wanted: Electrical Drafts- 
man—Must be experienced in laying 
out electric generating stations and 
high-tension. substations. State age, 
experience and salary expected. Ad- 
dress P. О. Box 1902, Philadelphia, Ра. 


'The U. S. Civil Service Commission 
announces an open competitive exam- 
ination for electrical draftsmen, espe- 
cially those with marine electrical exper- 
ience. Salary range from $3.52 to $6.00 
per diem. Applications will be received 
atany time and papers rated immedi- 
ately. Those desiring this examination 
should apply at once for Circular No. 
1697 describing the requirements, and 
Form 1312, to the U. S. Civil Service 
Commission, Washington, D. C. 


The Navy Department announces an 
examination to fill vacancies in the 
grade of Assistant Civil Engineer, Corps 
of Civil Engineers, U. S. Navy. To be 
eligible a candidate must be not more 
than 26, an American citizen, possess a 
degree showing that he has completed 
à course in engineering; must have had 
eighteen months' experience since grad- 
uation. Appointees are commissioned 
in the grade of Assistant Civil Engineer, 
Corps of Civil Engineers of the Navy, 
with the rank of lieutenant. Pay about 
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$2,500. Тһе highest rank in the Corps 
of Civil Engineers is rear admiral, with 
pay of about $9,500. For full informa- 
tion address the Chief of Bureau of 
Yards and Docks, Navy Dept., Wash- 
ington, D. C. 


MEN AVAILABLE 


699. Electrical Engineer, at present 
employed, desires change. Sixteen 
years’ experience— wiring, overhead and 
underground transmission and main- 
tenance, and shop repair work. Also 
experienced in operation of boilers, 
turbines, engines and mechanical re- 
frigeration. 


700. Engineer, (30), graduate, all- 
round experience; offers services. Ех- 
pert in lecturing, writing, editing and 
making up technical publicity matter, 
advertising copy and correspondence. 
Specialist in the development of new 
business fields by the above methods. 
salary $2500 minimum. 


701. Graduate in electrical engineer- 
ing, correspondence school course. Eight 
years in charge electrical construction 
for engineering firm; two years opera- 
ting in substation; two years' power 
plant operation. Desires position where 
past experience may be of service. 


702. Erecting Engineer open for 
engagement supervising plant construc- 
tion or marine installations—hydraulic 
equipment, electrical equipment, Diesel 
and semi-Diesel engines.  Technically 
trained, thoroughly experienced, steady, 
energetic, capable. Now on West coast 
but will go anywhere in U. S. or Canada. 


703. Electrical Engineer, technical 
education, thorough training, theoreti- 
cal and practical, in operation and 
design of electrical power installations, 
high-tension lines and power sales 
experience. At present superintendent 
and chief engineer for large power com- 
pany in the west. Can accept position 
of responsibility on short notice. Mem. 
A. I. E. E. 


704. Executive Engineer, technical 
graduate, (1907). Thirteen years' train- 
ing with sufficient time devoted to each 
of the following fields—executive, en- 
gineering, sales, accounting, operating, 
construction, system, valuations and 
reports—electrical and mechanical, pub- 
lic service and industrials. This train- 
ing for sale in connection with brains, 
energy and aggressiveness. 


705. Construction or Maintenance 
Engineer with technical education and a 
varied experience in central and sub- 
station construction and maintenance.j 
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At present with Commonwealth Edison 


Co., Chicago. Formerly with Allis- 
Chalmers Mfg. Co. Good character; 
temperate; economical. Available at 


short notice. Desirous of position re- 
quiring initiative and executive ability. 
Salary $1800. 

706. Superintendent. Has had long 
practical experience in all branches of 
central station work. Past five years 
superintendent of a progressive com- 
pany gaining 10,000 customers in 1916. 
Out on account of change in manage- 
ment. .Desires similar work with mod- 
erate size company or head of technical 
department of large company. 


707. Graduate Electrical Engineer, 
age 36, four years' testing and executive 
experience with G. E., ten years teach- 
ing electrical engineering and physics. 
Ready for anything offering opportuni- 
ties for growth and advancement. Will 
consider propositions for work in educa- 
tional or engineering lines. Minimum 
salary considered $2,000. 


708. "Technical Graduate, with four 
years' practical experience in construc- 
tion, maintenance, repair and operation 
of power plants and high-tension ap- 
paratus, desires position where ability 
1$ recognized and rewarded, preferably 
with engineering corporation. Willing 
to go anywhere if opportunity is satis- 
factory. Age 30; single, strictly tem- 
perate. Available immediately. 

709. Graduate Electrical Engineer, 
24, married, desires position in sales 
Office or as assistant engineer in an 
industrial organization. Two years 
with G. E. Co., on tests and engineering 
office and nine months with large auto- 
mobile company in engineering office. 


710. Engineer-Manager, with 17 
years' utility experience, desires posi- 
tion where intelligence, energy, capacity 
and business sense, added to amiable 
but firm disposition. with technical 
training can be appreciated. Experi- 
ence includes operation, erection, con- 
struction, superintendence and com- 
mercial management, executive work 
on modern electrical power systems. 
Commercial engineering with progres- 
sive engineering, utility or industrial 
concern desired. 


711. Electrical and Mechanical En- 
gineer, 39, technical graduate; practical 
shop experience, including inspection 
of machinery under manufacture 
throughout U. S.; sixteen years' execu- 
tive, engineering experience with large 
projects—constructing and operating 
power plants, transmission systems and 
rrigation works; desires engagement 
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with power company, consulting en- 
gineers, or industrial plant, Southwest 
preferred. 


712. Electrical Engineer, technical 
pou d Mem. A. E., Assoc. 
А. C. E. eighteen years’ 
practise, Ps years chief engineer and 
technical expert for a state public ser- 
vice commission on valuation, service 
regulation and rate work. Wishes re- 
sponsible position with large electric 
company. Сап leave on one month's 
notice. 


713. А-С. Motor Expert, now em- 
ployed, and successful, wishes oppor- 
tunity requiring executive ability, per- 
sonality and understanding of men, as 
well as unusual technical ability. Teach- 
ing experience and five years with large 
manufacturer. Age 28. Minimum 
salary $1800. 


714. Technical man of research and 
teaching experience, desires position, in 
consulting engineering or in research 
work. Six years’ experience since 
graduation; two in central station work, 
four in responsible teaching and re- 
search work at first-class university. 
Will not change unless good prospect 
for advancement. Salary $1800. 


715. Professor of electrical engineer- 
ing and physics, Mem. A. I. E. E, 
desires to change. Four years practical 
and one year research engineering. 
Five years very successful teaching 
experience. Thoroughly conversant 
with practical engineering and ad- 
vanced theory of electrical engineering 
and physics. Available also for sum- 
mer work in education or engineering. 


716. Graduate Electrical Engineer, 
two years’ experience in factory and 
general testing, would like to affiliate 
with a company having use for a sales 
engineer. 


717. Engineer. Domestic and for- 
eign experience in street railway and 


lighting work. Age 36. Investigations 
and reports.  Thoroughly versed in 
business and legal affairs. Speaks 


Portuguese and Spanish fluently. Mem. 
A. I. E. E. and Assoc. M. A. S. C. E. 


718. Electrical Engineer, graduate 
of Minnesota and now completing 
post-graduate Stanford. Available any 
position June 1. Six years' experience 
in factory, plant test, line work, draft- 
ing, inventories, operating, meters and 
complaints, records, local agent, subur- 
ban distribution, and transmission. 
Never sick nor injured; not afraid of 
work. Pacific Coast preferred. 


719. "Technical Graduate, with thir- 
teen years’ practical experience in 
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design, construction and operation of 
power plants, substations and transmis- 
sion lines. Perfectly familiar with high- 
tension transmission, also Diesel oil 
engines and operation of same.  Posi- 
tion in the South or Southwest pre- 
ferred. 


720. Electrical Engineer, age 27, 
four years' engineering development 
and manufacturing experience with 
large corporation. Wants position as 
manager's assistant in small electrical 
manufactory. Ability to handle men 
and get results. Exceptional knowledge 
of good English. Requires place where 
promotion and remuneration come by 
efficacy, not by schedule. 


721. Advertising Manager ог Assist- 
ant. Graduate electrical епріпеет, 28, 
now assistant business manager of 
leading technical journal, seeks new 
connection where initiative and proven 
ability will insure real opportunity. 
Prefer concern manufacturing electri- 
cal equipment or for power plant field. 
Independently acting as advertising 
manager for concern manufacturing 
highly technical product. 


722. "Telephone Engineer, age 42, 
married, desires position as engineer, 
superintendent or manager of a tele- 
phone plant or system. Eighteen years’ 
experience, mostly with large com- 
panies. Practical construction and 
maintenance experience. Can make up 
estimates and appraisals. Technical 
education with some sales experience. 
At liberty about May 1. 


723. Graduate Electrical Engineer, 
age 25, having had General Electric 
test, also experience in designing and 
estimating on control apparatus, desires 
position along commercial lines requir- 
ing executive ability. At present em- 
ployed, but desires position with greater 
opportunities for advancement. 


724. Electrical Engineer, M. I. T. 
graduate, available for position with 
consulting engineer or contractor еп- 
gaged in industrial power plant and 
equipment work. Seven years' experi- 
ence in mechanical-electrical engineer- 
ing including design, construction, oper- 
ation and maintenance of isolated in- 
dustrial power plant, safety engineering 
and transportation economy. 


725. Sales Engineer now employed 
as construction superintendent by larg- 
est Eastern engineering corporation, 
desires to return to sales work. Has 
managed sales office in western terri- 
tory. Salary and location secondary 
to agreeable working conditions. 
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726. Cost Accountant and Auditor, 
with experience also as Secretary and 
Treasurer, desires to change. Employed 
at present installing cost system in 
manufacturing plant. Thoroughly fa- 
miliar with corporation accounts. 


727. Electrical and Mechanical En- 
gineer with broad experience in office 
and field relative to electrical machinery 
and apparatus, power stations, steam 
and gas engines, structural steel, con- 
crete and hydroelectric work, research; 
versed also in engineering theories and 
mathematics sufficiently to walk the 
untrodden road to success; is open for 
engagement. 


728. Sales Engineer, desires to con- 
nect preferably with electric machine 
manufacturer. Expert on motor appli- 
cation. Present position unsatisfactory. 

729. Position as instructor in elec- 
trical engineering desired by married 
кеа, B. S. and E. E. degrees. 

xperience—four years wiring and con- 
struction; two and a half years power 
switchboard operation; two years in 


engineering department of central sta- : 


tion. 


780. Electrical Graduate, age 30, 
with testing experience, now employed 
іп engineering department of electrical 
manufacturing company, desires re- 
sponsible position with consulting en- 
gineering firm or electrically equipped 
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manufacturing company. Six years' 
broad experience in design, application, 
and testing of induction motors, a-c. 
commutator motors, and Scherbius 
speed regulating sets. Interview de- 
sired. 


731. Assoc. A. I. E. E., with techni- 
cal education, receiving degree in June, 
1917; machine shop and automobile 
experience; desires position in power 
plant economy, testing department, 
or similar line in or near New York City. 
Hard worker, willing and adaptable. 
Age 22. 


732. Executive Engineer desires po- 
sition with industrial or public utility 
company. Graduate electrical engineer; 
age 37. Broad executive and engineer- 
ing experience, including eleven years 
with large railway system; also power 
transmission, public utility, appraisals, 


industrial development, etc. Interview 
requested. 
733. Engineer-Executive, Fel. A. I.. 


E. E. Broad experience in managing 
public utilities, light, power, gas, in- 
terurban railways; experienced in con- 
struction and operation of steam tur- 
bine and hydroelectric plants, high- 
tension transmission lines. Particularly 
good in light and power and railway 
business, strong on advertising, pub- 
licity and public policy. Open for 
engagement. 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 
(Term expires July 31, 1917) 


H. W. BUCK 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1917) 
PAUL M. LINCOLN 


(Term expires July 31, 1918) 
JOHN J. CARTY 


VICE-PRESIDENTS. 


(Term expires July 31, 1917) 
C. A. ADAMS 

J. FRANKLIN STEVENS 
WILLIAM McCLELLAN 


(Term expires July 31, 1917) 
- FREDERICK BEDELL 
BANCROFT GHERARDI 
A. S. McALLISTER 
JOHN H. FINNEY 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY. 
RALPH W. POPE 


(Term expires July 31, 1917) 


(Term expires July 31, 1918) 
B. A. BEHREND 

P. JUNKERSFELD 

L. T. ROBINSON 


MANAGERS. 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN. 
W. P. CUTTER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.— 1884-1916. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8 
EDWARD WESTON, 1888-9. 

ELIHU THOMPSON, 1889-90 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
*LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02 


* Deceased. 


CHARLES F. SCOTT, 1902-3. 

BION J. ARNOLD, 1903-4 

JOHN W. LIEB, 1904-5 

SCHUYLER SKAATS WHEELER, 1905-6 
SAMUEL SHELDON, 1906-7 

*HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 

LEWIS B. STILLWELL, 1909-10 
DUGALD C. JACKSON, 1910-11. 

GANO DUNN, 1911-12. . 
RALPH D. MERSHON, 1912-13. 

C. O. MAILLOU X, 1913-14. 

PAUL M. LINCOLN, 1914-15. 

JOHN J. CARTY, 1915-16. 
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INSTITUTE COMMITTEES. 


Revised to April 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
Н. W. Buck, Chairman, 
. 49 Wall: Street, New York. 
Х. А. Carle, George А. Hamilton, 
John H. Finney, William McClellan, 
Bancroft Gherardi, J. Franklin Stevens. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1326 Chestnut Street, Philadelphia, Pa. 
Х. A. Carle, Bancroft Gherardi. 


MEETINGS AND PAPERS COMMITTEE. 
1. T. Robinson, Chairman, 
General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, W. E. and M. Co. East 
Pittsburgh, Pa. 


Prederick Bedell, F. W. Peek, Jr. 
Philander Betts, F. L. Rhodes, 

. Clark, D. W. Roper, 
]. б. De Remer, Hane Ryan, 
H. A. Hornor, T. H. Schoepf 
Edward P. Hyde, ac ae P. Steinmetz, 
L. E. Imlay, . W. Storer, 


E. H. Martindale, Wiled Sykes. 


EDITING COMMITTEE. 
W. 1. Slichter, Chairman, 
Columbia University, New York. 
Frederick Bedell, L. T. Robinson, 
M. G. Lloyd, C. E. Skinner. 


Р CODE COMMITTEE. 
arley Osgood, Chairman, 
763 Broad. Street, Newark, N. J. 


Б © Forsyth, H. R. Sargent, 
Ч B. Gear, G. A. Sawin, 

Н Н. Griswold, A. М. Schoen, 

[s Lacount George F. Sever, 

H, nston Livingston, C. E. Skinner, 
enry N, Muller H. S. Warren. 


As. BOARD OF EXAMINERS. 
қ 251 W Allister, Chairman, 
aid Street, New York. 


E. B. Kat | 
W. I. Slichter, 
EL) Rhos. Philip Torchio. 
WA SECTIONS COMMITTEE. 
Gen Hall, Chairman, 
eral Electric Company, West Lynn, Mass. 
Paul \ етпет, А. M. Schoen, 
o Lincoln, Т Н. Тгасу 
and the chairmen of all Insitute Sections, 
ex-officio. 
Harold MEMBERSHIP COMMITTEE. 
1000 ( Goodwin, Jr., Chairman, 
G. M. Chestnut Street, Philadelphia, Pa. 
5-Н Baker, W. G. Chace, 
von Blake. H. W. Flashman, 


E. H. Martindale. 


if Pal getirmen of the Membership Committces 


PUBLIC POLICY COMMITTEE. 


Calvert iqownley, Chairman, 
165 Broadway, New York. 
John’ Farolan, A. M. Hunt, 
Pre ‘arty, William McClellan, 
Gang Darlington, H. H. Porter, 
John В, unn, C. S. Ruffner, 
" Pisken, M. Schoen, 


A. 
L. B. Stillwell, 


COMMITTEE ОМ DEVELOPMENT OF 
js WATER POWER 

n H. Finney, Chairman, 

2%) Metropolitan Bank Building, Washing- 


ton, D. € 
E 0. B Eee Nicholas S. Hill, Jr., 
T tanci 18 Blossom. E. А. Lof, 
ме Dunn, W. V. N. Powelson, 


L. B. Stillwel]. 


STANDARDS COMMITTEE. 


C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary, 
University of Pennsylvania, Philadelphia, Pa. 


P. G. Agnew, H. M. Hobart, 
Frederick Bedell, H. D. James, 
Joseph Bijur, P. Junkersfeld, 
ume, A. E. Kennelly, 
James Burke G. L. Knight, 
С. А. Burnham, А. S. McAllister, 
М.А. Carle, УГ. М. McConahey, 
Е. J. Cheney, W. L. Merrill, 
H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 
W. A. Del Mar, C. E. Skinner, 
E. J. Edwards, A. J. Slade, 
H. W. Fisher, N. W. Storer, 


R. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, 
Harvard University, Cambridge, Mass. 


C. A. Adams, M. I. Pupin, 
B. A. Behrend, E. B. Rosa, 
Louis Bell, Charles F. Scott, 


Clayton H. Sharp, 
Samuel Sheldon, 
C. E. Skinner, 


James Burke, 
John J. Carty, 
Gano Dunn, 


H. M. Hobart, Charles P. Steinmetz, 
John W. Lieb, Elihu Thomson, 
R. B. Owens, Philip Torchio. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, Charles A. Terry, 
John F. Kelly, B. F. Wood, 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1917. 
A. E. Kennelly, са Robert T. Lozier, 


G. McMeen. 
Term expires July 31, 1918. 
H. W. Buck, . А. Scheffler, 


J. Franklin’ Stevens. 


Term expires у 31, 1919. 
Charles F. Brush, . W. Storer, 
C. C. Cheney. 


Term expires July 31, 1920. 
Carl Hering, Harris J. Ryan. 


Term expires July 31, 1921. 
W. C. L. Eglin, Bancroft Gherardi, 
E. W. Rice, Jr. 


Elected by the Board of Directors from its own 
membership for terms of lwo years. 


Term expires July 31, 1917. 
B. A. Behrend, Paul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 
C. A. Adams, Harold Pender, 
C. E. Skinner. 


Ex-Officio. 
H. W. Buck, President, 


George A. Hamilton, Treasurer, 
F. L. Hutchinson, Secretary. 
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TECHNICAL COMMITTEES. 
Revised to April 1, 1917. 


POWER STATIONS. 


J. G. De Remer, Chairman, 
100 Broadway, New York. 


J. M. Drabelle, S. A. Moss, 
C. C. Egbert, | В. J. S. Pigott, 
W. S. Gorsuch, 2 Роое, 


John Harisberger, . F. Scattergood, 
. Kruesi, к А. Scheffler, 
Paul М. Lincoln, W. R. Thompson, 
Wynn Meredith, Philip Torchio, 
I. E. Moultrop, H. L. Wallau, 
B. F. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 

Niagara Falls Power Co., Niagara Falls, N. Y. 

H. A. Barre, P. Lincoln, 

M. T. Crawford, W. E. Mitchell, 

E. E. F. Creighton, G. J. Newton, 

H. H. Dewey, L. C. Nicholson, 

P. M. Downing, W. D. Peaslee, 

H. W. Fisher, Stefaan Piek, 

F. A. Gaby, C. S. Ruffner, 

W. T. Goddard, H. J. Ryan, 

O. A. Havill, F. . Sampson, 

R. F. Hayward, H. E. Shedd, 

J. P. Jollyman, Julian C. Smith, 
P. H. Thomas. 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman. 
ан агт E. & M. са East Pittsburgh, Pa. 


Adams, J. Kearny, 
A. H Babcock, William McClellan, 
Reinier Beeuwkes, goni Murphy, 
. Blair, . B. Potter, 
. Crecelius, E. D. Priest. 

. Duer, Charles H. Quinn, 
George Gibbs, Clarence Renshaw, 
W. J. Harvie, A. S. Richey, 
Hugh Hazelton, Charles F. Scott, 
E. B. Katte, 


ohn B. аук 
5. ion 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Co., Cleveland, Ohio. 
H. W. Cope, С. А. Poe 
J. H. Davis, C. A. Kelsey, 
James Dixon, C. L. Kennedy, 
A. M. Dudley, Charles D. Knight, 
Herbert D. Dwight, А. H. Lawton, 
Е. W. Ells, A. M. MacCutcheon, 
L E. Fries, A. G. Pierce, 

R. Fishback, ы lames M. Smith, 
R. H. Good willie, . Weichsel, 
A. L. Hadley, J. B. Wiard, 


R. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 
G. N. Chamberlin, Richard C. Powell, 


C. E. Clewell, E. B. Rosa, 
. В. Cravath, W. D’A. Ryan, 
. S. Perkins, Clayton H. Sharp, 
W. M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE. 


Philander Betts, Chairman, 

790 Broad Street, Newark, N. J. 
Harold Almert, A. H. Kruesi, 
W. H. Blood, Jr. William McClellan, 
Fred A. Bryan, 
C. L. Cory, Allard Smith, 
Harry Clifford Eddy, W. G. Vincent, 

B. Jackson, George W. Wittemore, 
Clifton. W, Wilder 


Norman C. McPherson, 


PROTECTIVE DEVICES. 
D. W. Roper, Chairman, 


72 W. Adams St., Chicago, Ш. 
L. L. Elden, A. A. Me eyer, 
G. Faccioli, L. C. Nicholson, 
V. M Goodwin, N. L. Pollard, 
E. M. Hewlett, S. D. Sprong, 
Baul M. Lincoln, Philip Torchio, 


H. R. Woodrow. 
ELECTROCHEMISTRY AND ELECTRO- 
METALLURGY. 
T. H. Schoepf, Chairman, 
W. E. and M. Co., East Pittsburgh, Pa. 
Wesley J. Beck, . G. Liljenroth, 
.А. J. Fitzgerald, Eu ene F. Roeber, 


. F. Ganz, L Seede, 
F. A. Lidbury, Tschentscher. 
ELECTROPHYSICS. 


F. W. Peek, Jr., Chairman, 
General Electric Company, Pittsfield, Mass. 
Frederick Bedell, E. B. Rosa, 
. C. Crehore, Harris J. Ryan, 
. Faccioli, Clayton H. Sharp, 
. L. Fortescue, C. P. Steinmetz, 
. S. Franklin, P. H. Thomas, 
. E. Kennelly, J. B. Whitehead. 


TELEGRAPHY AND TELEPHONY. 


тяосо» 


Е. L. Rhodes, Chairman, 

195 Broadway, New York. 
E. F. W. Alexanderson, Kempster B. Miller, 
R. E. Chetwood, H. Mouradian, 
M. M. Davis, W. O. Pennell, 
C. L. Fortescue, Allard Smith, 
H. M. Friendly, John S. Stone, 
Е. B. Jewett, John B. Taylor, 
S. M. Kintner, J. L. Wayne, 3rd. 
Wm. Maver, Jr., G. M. Yorke, 

MARINE. 

H. A. Hornor, Chairman, 


Hamilton Court, 39th & Chestnut Sts., Phila- 
delphia, Pa. 

D. M. Mahood, Secretary, 
Sperry Gyroscope Company 


Manhattan Bridge Plaza. Brooklyn, N. Y. 


R. B. Chillas, Jr., Guy НШ, 

M. W. Day, О. . Loomis, 

G. E. Edgar, С. А. Pierce, Jr., 

W. L. R. Emmet, H. M. Southgate, 

W. R. Furlong, E. A. Sperry, 

H. L. Hibbard, Wilfred Sykes, 
F. W. Wood. 


COMMITTEE ON USE OF ELECTRICITY 
IN MINES 


H. H. Clark, Chairman, 
S. Bureau of Mines, 
40th & Butler Streets, Pittsburgh, Pa. 
Frank E. Alexander, L. C. Ilslev, 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, Charles Legrand, 
W. A. Chandler, Charles M. Means, 
F. J. Duffy, |». K. A. Pauly, 
H. M. Warren. 


IRON AND STEEL INDUSTRY. 
Wilfred Sykes, Chairman, 
Box 242, East Liberty, Pa. 


5. С. Coey, А. С. Pierce, 

Е. В. Crosbv, ]. С. Reed, 

Е. Friedlaender, R. Tschentscher. 
E. S. Jeffries, Brent Wiley, 

D. M. Petty, R. B. Williamson 


J. H. Wilson. 


EDUCATIONAL COMMITTEE. 
W. I. Slichter, Chairman. 

Columbia Univ ersity, New York. 
Alexander Gray, William McClellan, 
E. J. Henkhe, Chester W. Rice, 
E. A. Loew, C. E. Skinner 

В. D. Thomson, 
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SPECIAL COMMITTEES. 
Revised to April 1, 1917. | 


REORGANIZATION OF TECHNICAL COM- 
MITTEES. 
L. T. Robinson, Chairman, 
General Electric Com any,Schenectady, N. Y. 
Р. L. Hutchinson, EH H. Norris, 
4. S. McAllister, . Franklin Stevens, 
N. W. torer. 


COMMITTEE ON STUDENT BRANCHES. 


C. W. Green, Chairman, 
Massachusetts Institute of Technology; Boston, 


E. А. Loew, 
W. S. Rodman, 
. F. Scott. 


ass. 
Alexander Gray, 
C. Francis Harding, 


COMMITTEE ON NATIONAL DEFENSE 


John H. Finney, Chairman, 


509 Metropolitan Bank Building, Wash- 
ington, D. C. 
F. C. Bates, Secretary, 
30 Church Street, New York, 
B. J. Arnold, D. C. Jackson, 
A. H. Babcock, John W. Lieb, 
Philander Betts, P. M. Lincoln, 
H. W. Buck, - Ralph О. Mershon, 
Т. Н. Cuntz, - A. M. Schoen, 
J.J. Carty J. Franklin Stevens. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 


A. H. Babcock, 
Gano Dunn, 


John F. Kelly, 
A. S. McAllister, 


Schuyler Skaats Wheeler. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 


барі D. Mershon, Paul M. Lincoln, 
О. Mailloux, John J. Carty. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Gano Dunn, Samuel Sheldon, 
Calvert Townley. 


ON LIBRARY BOARD OF UNITED | 
ENGINEERING SOCIETY. | 


Edward D. Adams, 
Samuel Sheldon, 
F. L. Hutchinson. 


Q a 

lc ELECTRICAL. COMMITTEE OF NA- 

ч NAL FIRE PROTECTION ASSOCIATION. 
e chairman of the Institute's Code Committee. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 
Edward Caldwell. 


0 
: On OURCIL OF AMERICAN ASSOCIATION 
THE ADVANCEMENT OF SCIENCE. 

: Franklin, G. W. Pierce. 


0 
N CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIÉS. 


Calvert Townley, | William McClellan, 
John J. Carty. 


ON JOINT COMMITTEE ON ENGINEERING 
Я EDUCATION. 
harles F. Scott, Samuel Sheldon. 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 


F. B. H. Paine, 
Percy H. Thomas. 


ON JOINT NATIONAL COMMITTEE ON 


Parley Osgood, 


| ELECTROLYSIS. 
Bion ]. Arnold, F. N. Waterman, 
Paul Winsor. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


A. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 
F. B. Jewett. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 
Benjamin С. Lamme, | Frank J. Sprague. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 


Gano Dunn, William McClellan, 
John H. Finney, Charles W. Stone. 
Calvert Townley. 


ON JOINT COMMITTEE ON METRIC 
SYSTEM. 
А. E. Kennelly, 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, М. А. Carle, 
P. Junkersfeld. 


LOCAL HONORARY SECRETARIES. 


Guido Semenza, N. 10 Via S. Radegonda, Milan, 
Italy. 


Robert Julian Scott, Christchurch, New Zealand, 


T. P. Strickland, N. S. W. Government Railways, 
Sydney, N. S. W. 


W. G. T. Goodman, Adelaide, South Australia. 

James S. Fitzmaurice, Perth, West Australia. 
L. A. Herdt, McGill Univ., Montreal, Que. 

Henry Graftio, Petrograd, Russia. 

Richard O. Heinrich, Genest-str. 5, Schoeneberg, 

Berlin, Germany. 

А. S. Garfield, 45 Boulevard Beausejour Paris, 

16 E., France. 

Harry Parker Gibbs, Tata Hydroelectric Power 

Supply Co., Ltd., Bombay, India, 


John W. Kirkland, Johannesburg, South Africa. 
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. LIST OF SECTIONS 
Revised to April 1, 1917. 
Name and when Organized Chairman Secretary 
Atlanta............... jun: 19, '04 | A. M. Schoen H.E.Bussey,3d Nat. Bk. Bldg.Atlanta,Ga. 
Baltimore............. ec. 16, '04 | J. B. Whitehead Г. M.Potts,Industrial Bldg.,Baltimore, Md. 
Boston.......... Feb. 13, '03 | Geo. A. Burnham | Ira M.Cushing,84 State St.,Boston, Mass. 
Сїїсагро...................... 1893 | Taliaferro Milton | W. J. Crumpton, 111 W. Monroe St., 
Chicago, Ш. | 

Cleveland............. Sept. 27, '07 | E. W. P. Smith Bruce W. David, Lincoln Electric Co., 
Cleveland, Ohio. 

Denver............... May 18, '15 | H. S. Sands Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 

Detroit-Ann Arbor..... Jan. 13, '11 | A. A. Meyer A. Каш 433 West Forest Ave., Detroit, 

Fort Wayne. . Aug. 14, '08 | J. J. Kline R. B. Roberts, G. E. Co., Fort Wayne, Ind. 

Indisnapolis- Lafayette. .Jan. 12, '12 | J. L. Wayne, 3rd | C. A. Cora, care Central Union Tel. Co. 
Indiana “ро; Ind. 

Ithaca.............. Oct. 15, '02 | F. Bedell William eans, Franklin Hall, Cornell 
Univ., Ithaca, N. Y. 

Kansas City, Мо.......Арг. 14, '16 | А. A. Thompson Glena О, Brown, 5519 Tracy Ave., Kansas 

itv, Mo. 

Los Angeles........... May 19, '08 | R. H. Manahan Carl E. Johnson, 459 East Third Street, 
Los Angeles, Cal. 

1упп................. Aug. 22, 711 | Gordon Campbell | M. B. Carroll, С. E. Co., West Lynn, Mass 

adison.............. Jan. 8, '09 | F. A. Kartak L. E. A. Kelso, University of Wisconsin, 

Мехісо............... Dec. 13, 07 Madison, Wis. 

Milwaukee............Feb. 11, 10 | Е. W. Ells Н. Р. Reed, Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 

Minnesota. ........... Apr. 7. '02 | В. J. S. Carter Vernon S. Beck, Beck Elec. Const. Co., 
Minneapolis, Minn. 

Panama.. 2........Ос4. 10, '13 | Earl J. Atkisson 2: NS Markham, Balboa Heights, C. Z. 

Philadelphia.. MEERE Feb. 18, '03 | H. P. Liversidge F. James, 14th Floor, Widener Bldg., 
V BLEU Lis. Pa. 

Pittsburgh............ Oct. 13, '02 | G. C. Hecker Wynne, W. E. and M. Company, 
"East Pittsburgh, Pa. 

Pittsfield....... Mar. 25, '04 | V. E. Goodwin E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 

Portland, Оге.......... May 18, '09 | L. T. Merwin J. C. Martin, 1220 Spalding Bldg., Port- 
land, Oregon. 

Rochester...... Oct. 9, '14 | O. W. Bodler Lucien Buck, 1416 Lake Avenue, Ro- 
chester N. Y. 

St. Louis. ............ Jan. 14, '03 | A. McR. Harrelson| H. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo 

San Francisco......... Dec. 23, 04 | J. E. Woodbridge | А. С. Jones, 811 Rialto Building, San 
Francisco, Cal. 

Schenectady........... Jan. 26, '03 | C. E. Eveleth H. L. Andrews, General Electric Company 
Schenectady, N. Y. 

Seattle......... Jan. 19, '04 | C. E. Magnusson | C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 

Spokane.............. Feb. 14, '13 | D. F. Henderson M. Fisher, Washington Water Power 

| "Company, Spokane, Wash. 

Toledo....... ..June 3, '07 | W. E. Richards Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, Ohio. 

Toronto...... Sept. 30, '03 | E. T. J. Brandon | Wills Maclachlan, 910 Excelsior Life 
Building, Toronto, Ont. 

Urbana............... Nov. 25, '02 | I. W. Fisk L. V. James, Univ. of Illinois, Urbana, Ill. 

Vancouver............ Aug. 22, '11 | R. F. Hayward T. H. Crosby, Canadian Westinghouse Co., 
Vancouver, B. C. 

Washington, D. C......Apr. 9, '03 | Arthur Dunlop Louis G. Freeman, U. S. Geological Sur- 


vey, Washington, D.C 


Total 33 
228 LIST OF BRANCHES 
Name and when Organized Chairman Secretary 
Agricultural and Mech. : 
College of Lo Nov. 12, '09 | M.M.Bridgewater| L. E. Tighe, College Station, Tex. 
Alabama Poly. Inst... .. Nov. 10, '16 | W. W. Hill L. I. Davis, Auburn, Ala. 
Alabama, Univ. of...... Dec. 11, '14 | Gustav Wittig А. Е. Frazer, University, Ala. 


. L. Teague, University of Arkansas, 


Fayetteville, Ark. 
Harold A. Kleinman, 7743 Burnham 


Avenue, Chicago, Ill 


Arkansas, Univ. of..... Mar. 25, '04 | А. L. Wilson 
Armour Institute....... Feb. 26, '04 | Ralph H. Earle 


Brooklyn Poly. Inst.. ...Jan. 14, 16 | Paul С. Wehle Robert Davie, The Polytechnic Insti. 
tute, Brooklyn, N. Y. Ju 

Bucknell University. ...May 17, '10 | М. J. Rehman E. Hageman, Bucknell University, 
Lewisburg, Pa. | | HRS 

California, Univ. оҒ..... Feb. 9, '12 | Marc Holzer A. C. Maynard, University of California, 
Berkeley, Cal. 

Carnegie Inst. of Tech.. May 18, '15 | E. G. Peterson B. C. Dennison, Carnegie School of Tech. 


nology, Pittsburgh, Pa. 


Cincinnati, Univ. of..... Apr. 10, '08 | R. L. Utley McCormick, 3110 ‘Woodburn Ave., 
Cincinnati, Ohio. 

Clarkson Col. of Tech...Dec. 10, '15 | H. H. Plank Philip R. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 

Clemson Agricultural Col. Nov. 8, '12 | D. H. Banks W. H. Neil, Clemson College, S. C. 


Colorado State Agricul- 
tural College........ Feb. 11, '10 Е. С. Stiers, Colorado State Agricultural 


H. W. McKinley 
College, Fort Collins, ‘Colo. 
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LIST OF BRANCHES- Continued. 


Name and when Organized 


Colorado, Univ. of..... Dec. 16, 
Georgia А of Tech- 

nology.. VP ..June 23, 
Highland Park College Осі. 11, 
Idaho, Univ. of........ June 25, 
Iowa State College....Apr. 15, 
Iowa, Univ. of......... May 18, 
Kansas State Agr. Col..Jan. 10, 
Kansas, Univ. of...... Mar. 18, 
Kentucky, State Univ. ofOct. 14, 
Lafayette College...... Apr. 5, 
Lehigh University...... Oct. 15, 
Lewis Institute........ Nov. 8, 
Maine, Univ. of....... Dec. 26, 
Michigan, Univ. of..... Mar. 25, 
Minnesota, Univ. of... May 16, 
Missouri Univ. of...... Jan. 10, 
Montana State Col.....May 21, 
Nebraska, Univ. of....Apr. 10, 
North Carolina Col. of 

Agr., and Mech. Arts. Feb. 11, 
North Carolina, Univ. of.Oct. 9, 
North Dakota, "Univ. of Feb 15, 
Norwich University ....June 28, 
Ohio Northern Univ....Feb. 9, 
Ohio State University..Dec. 20, 
Oklahoma Agricultural and 

Mech. Col........... Oct. 13, 
Oklahoma, Univ. of.. ..Oct. 11, 
Oregon Agr. Col....... Mar. 24, 
Penn. State College. ... Dec. 20, 
Pittsburgh, Univ. of....Feb. 26, 
Purdue University..... Jan. 26, 
Rensselaer Poly. Inst.. Nov. 12, 
Rose Polytechnic Inst... Nov. 10, 
Rhode Island State Col..Mar. 14, 
Stanford Univ......... Dec. 13, 
Syracuse Univ..... Feb. 24, 
Texas, Univ. of.. .Feb. 14, 
Throop жені of Tech- Р 

pr ct. 3 
virginia Polytechnic In- 

A A Jan Я 
Virginia, Univ. of...... Feb. 9, 
Wash., State Col. of. ..Dec. 13, 
Washington Univ....... Feb. 6, 
Washington, Univ. of. .Dec. 13, 
West Virginia Univ.... Хоу. 13, 
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ANNUAL BUSINESS MEETING AND 
EDISON MEDAL PRESENTATION 


The Annual Business Meeting of the 
A. I. E. E. will be held in the auditorium 
of the Engineering Societies Building 
on Friday, May 18, at 8:15 p. m. The 
Board of Directors will present its report 
for the fiscal year ending April 30, 1917, 
which will include a detailed statement 
of the financial status of the Institute 
and a summary of the work accom- 
plished by the standing and special 
committees during the year. The 
Committee of Tellers will present its 
report on the election of officers for the 
coming administrative year. Тһе cere- 
mony of presentation of the Edison 
Medal will follow immediately after the 
business meeting. 


ГА 
PRESENTATION OF EDISON MEDAL 


The seventh Edison Medal which 
was awarded to Mr. Nicola Tesla on 
December 13, 1916, ''for meritorious 
achievements in his early original work 
in polyphase and high-frequency elec- 
tric currents" will be presented to Mr. 
Tesla at the annual meeting. President 
H. W. Buck will preside and the pro- 
gram will be as follows: 


Address by Dr. A. E. Kennelly, Chair- 
man, Edison Medal Committee, out- 
lining the origin and purpose of the 
Edison Medal. 

Address by Charles A. Terry, giving 
historical facts in regard to Tesla's 
patents, contributions to the arts, etc. 


Address by B. A. Behrend. 


Presentation of the Edison Medal to 
Nikola Tesla by President Buck. 
Response by Mr. Tesla. 
Ladies are cordially invited to attend 
this meeting. 


A. I. E. E. ANNUAL CONVENTION, 
JUNE 26-29 


The Annual Convention of the Insti- 
tute as previously announced: will be 
held at Hot Springs, Va., June 26 to 29, 
1917. Тһе Homestead Hotel will be 
the convention headquarters. Тһе fol- 
lowing convention committee has been 
appointed by President Buck to make 
necessary arrangements for the conven- 
tion with the exception of the technical 
sessions which are arranged by the 
Meetings and Papers Committee. 


J. Franklin Stevens, 
Philadelphia, Pa. 

М. А. Carle, Newark, М. ]. | 

Harold Goodwin, Jr., Philadelphia 
Pa. 

Walter A. Hall, Lynn, Mass. 

P. Junkersfeld, Chicago, Ill. 

Charles Robbins, Pittsburgh, Pa. 

L. T. Robinson, Schenectady, N. Y. 

J. B. Whitehead, Baltimore, Md. 


The tentative list of convention 
papers for the first four sessions as pub- 
lished in the April PRocEEDiNGs has 
been confirmed. The paper for the fifth 
session will be Economical Combination 
of Water Power and Steam Plant and a 
Simple Method of Solution, by H. 5. 
Putnam. In addition to this, a paper 
on Cooling of Oil Immersed Transfor- 
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mer Windings After Shutdown by V. M. 
Montsinger, which was scheduled for 
the Schenectady meeting which was 
subsequently canceled, will be present- 
ed and discussed at this session. 


AMENDMENT TO BY-LAWS 


At the meeting of the Board of 
Directors held April 13, the following 
by-law, which had been recommended 
by the Meetings and Papers Commit- 
tee, was adopted: 

Each technical committee shall, at the annual 
convention, present a report covering the work 
of the year and giving plans and suggestions for 
future activities. These reports shall be, when- 
ever practicable, published with discussion. 

It is the intention of the chairmen 
of the various technical committees, all 
of whom are ex-officio members of the 
Meetings and Papers Committee, to 
inaugurate the practise of presenting an 
annual report, at the Annual Conven- 
tion of the Institute to be held at Hot 
Springs, Va., June 26-29, 1917. 


THE ENGINEERING SOCIETIES IN 
NATIONAL DEFENSE 
By Gano Dunn, Chairman 
Engineering Committee, National 
Research Council. 


The engineering profession which has 
been so prompt to volunteer its pro- 
fessional and military services to the 
Government in support of National 
Defense is now in contact with the 
various Government agencies, as fol- 
lows: 

First, through the Naval Consulting 
Board and its formerly existing Com- 
mittee on Industrial Preparedness, with 
the origin and organization of which 
Board the engineering profession is 
already familiar. Each of the National 
Engineering Societies and certain other 
Societies by contributing two members 
to the Naval Consulting Board has 
afforded the Navy and War Depart- 
ments and the Council of National 
Defense a highly expert Board for 
passing upon inventions and developing 
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them in the new Government Labora- 
tory that has been organized. 

Second, in a more or less informal 
way, through the joint Committee on 
Engineer's Reserve Corps and the 
Military Engineering Committee of 
New York, the military services of 
engineers are being organized and of- 
fered to the Government, and an En- 
gineer's Regiment is recruiting in New 
York. 

The Constitutions of some of the 
National Engineering Societies were 
found to contain such limitations that 
these Societies could not take formal 
action in military matters. А little 
over a year ago the Military Engineer- 
ing Committee organized itself through 
the spontaneous action of a group of 
leading engineers, including a number 
of Presidents, Past Presidents and other 
prominent officers of the National En- 
gineering Societies to an extent that 
gave the Committee a character repre- 
sentative of those Societies although 
this character has only recently been 
confirmed by the action of the Societies 
themselves. 

Third, through the National Research 
Council created at the request of Presi- 
dent Wilson by the National Academy 
of Sciences, ‘‘to bring into cooperation 
existing Governmental, educational, in- 
dustrial and other scientific and research 
organizations with the purpose of en- 
couraging investigations of natural 
phenomena, the increased use of scien- 
tific research in the development of 
American industries, the employment 
of scientific methods in strengthening 
the National Defense, and such other 
applications of science as will promote 
the National security and welfare.” 

The work of the National Research 
Council, the offices of which adjoin 
the offices of the Council of National 
Defense, is carried on through the 
agency of central committees covering 
each of the physical sciences and chem- 
istry, mathematics, medicine, hygiene, 
agriculture and other subjects, including 
a Committee on Engineering. 

To this Committee on Engineering 
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each of the National Engineering Socie- 
ties has contributed two representa- 
пуев and stands ready to contribute 
others as called for. With the engineers 
who are members of the National 
Research Council, these constitute the 
Engineering Committee. 

The representatives so far named from 
the American Society of Civil Engineers 
are George F. Swain, Edgar C. Marburg 
and Clemens Herschel; from the Ameri- 
can Institute of Mining Engineers, Pope 
Yeatman, Albert Sauveur, Charles F. 
Rand and George K. Burgess; from the 
American Society of Mechanical En- 
gineers, W. F. M. Goss, John R. Free- 
man, C. D. Young, Wm. F. Durand, 
John A. Brashear, Hollis Godfrey, 
Howard E. Coffin and Ambrose Swasey; 
from the American Institute of Elec- 
trical Engineers, Frank В. Jewett, 
Clayton H. Sharp, Gano Dunn, C. E. 
Skinner, Michael I. Pupin, S. W. Strat- 
ton, Elihu Thomson and John J. Carty; 
from the American Institute of Consult- 
ing Engineers, Lewis B. Stillwell. 

This Engineering Committee under 
formal request of the Council of Na- 
tional Defense in a resolution dated 
February 28th, 1917, addressed to the 
National Research Council brings to 
the aid of the National Defense Council 
directly through its Director, the pro- 
fessional services of engineers in the 
realm of engineering research, and it 
constitutes the connection between the 
Council of National Defense and the 
various National Engineering Societies 
through which services offered by those 
Societies to the President of the United 
States may be called upon in the solu- 
tion of problems in scientific and en- 
gineering research. 

In addition to supporting the Gov- 
ernment in Engineering Research this 
Committee also brings to the aid of the 
Government through the National 
Research Council such general engi- 
neering services as are auxiliary to re- 
search where these services are needed 
by any of the other Committees of the 
Council as incidental to research prob- 
lems on which they are at work. 
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The National Engineering Societies 
have a further relation to the National 
Research Council through the Engineer- 
ing Foundation which these Societies 
established to administer the mu- 
nificent gift of Ambrose Swasey for the 
fostering of research in science and 
engineering. Through the action of 
the engineers the whole available in- 
come from this gift is now devoted to 
the organization and operation expenses 
but not the research expenses of the 
Council. 

As has been stated, the contact of the 
engineering profession with National 
Defense through the Engineering Com- 
mittee of the National Research Coun- 
cil covers only those services involved 
in science and engineering research with 
the addition of such general engineering 
services as are auxiliary. 

Other, or general services in the 
engineering field are articulated with 
the National Defense as follows: 

Fourth, through an Engineering Sec- 
tion of that Committee of the Advisory 
Commission of the Council of National 
Defense which is under the direction of 
Dr. Hollis Godfrey, to whom the 
Defense Council has assigned super- 
vision of general engineering matters, 
including education. 

Dr. Godfrey is now in course of com- 
pleting the formation of this Committee 
by calling upon each National Engi- 
neering Society and certain other Engi- 
neering Societies to contribute two 
representatives whom he may appoint 
members of the Engineering Section of 
his Committee, so that services needed 
by the Council of National Defense in 
the realm of general engineering may be 
placed at its disposal, either by the 
individual members of the Committee 
or through them by other members of 
the Engineering Societies upon whom 
the Council of National Defense may 
call. 

The above four channels indicate the 
broad extent to which the members of 
the engineering profession, in patriotic 
response to the Country’s need, have 
come forward to render services. 
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MEMORIAL TO THE LATE 
PROF. SILVANUS P. THOMPSON 
D. Sc., F. R. S. 


To the Membership of the American 
Institute of Electrical Engineers: 


A fund is being raised to purchase the 
very valuable Scientific Library of the 
late Dr. Thompson, and to present it to 
the Institution of Electrical Engineers, 
as a Memorial of his life and work, the 
Library to be accessible to the public 
on the same conditions as the Ronalds 
Library of the Institution of Electrical 
Engineers in London. A committee 
of fifteen prominent scientists and 
engineers, has been appointed in Eng- 
land, with Mr. W. M. Mordey acting as 
chairman, to carry out the plan, and to 
raise funds for the purchase of the 
library, the price of which is $20,000 
(£4000). 

An invitation to contribute to the 
purchasing fund has already been issued 
to the membership of the Institution 
of Electrical Engineers in Great Britain. 

The Thompson memorial library is to 
be presented to the Institution of Elec- 
trical Engineers, as a permanent ad- 
junct to the electrical library of that 
Institution. 

In response to a suggestion received 
from the committee in charge of the 
plan, and with the approval of the 
President and Board of Directors of the 
American Institute of Electrical En- 
gineers, the above facts are hereby 
presented to the A. I. E. E. members, 
so that they may have an opportunity 
of contributing to the purchase fund. 


The late Professor Thompson had so 
many friends, students and admirers in 
America, and was known to so many 
electrical engineers by his extensive and 
classical publications оп electrical 
science and engineering, that the com- 
mittee in England felt it would be only a 
matter of courtesy and sympathy to 
open the subscription list to the Ameri- 
can Institute. 


Dr. Thompson was an Honorary 
Member of the A. I. E. E. He was also 
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one of the British Delegates to the In- 
ternational Electrical Congress of Chi- 
cago in 1893. 

Subscriptions to the Thompson mem- 
orial library fund may be addressed 
to F. L. Hutchinson, Secretary, Ameri- 
can Institute of Electrical Engineers, 
33 West 39th Street, New York City, 
who has kindly undertaken to receive 
and collect the same, and to forward 
them, with the list of contributors, to 
the British committee. 


ELIHU THOMSON, 
A. E. KENNELL Y. 


GREETINGS FROM FRENCH 
ENGINEERS 


Immediately after the declaration of 
war by the United States Congress, the 
following cablegram from the Société 
Internationale des Electriciens, Paris, 
France, was received by the American 
Institute of Electrical Engineers: 


"La Société Internationale des Electriciens 
reunie ce jour à Paris en séance mensuelle adresse 
a l'American Institute of Electrical Engineers ses 
acclamations unanimes pour l'acte historique par 
lequel le Président et le Parlement des Etats- 
Unis interprétes du peuple Americain décident de 
prendre les armes pour sauvegarder les droits de 
l'humanité civilisée et en assurer le prochain 
triomphe.” 


(TRANSLATION) 


The International Society of Electricians, at 
its monthly meeting held to-day in Paris, sends 
to the American Institute of Electrical Engineers 
its unanimous applause for the historic act by 
which the President and the Congress of the 
United States, interpreters of the American people 
decided to take up arms to safeguard the rights 
of civilized humanity and insure its coming 
triumph. 


President H. W. Buck, on behalf of 
the Board of Directors cabled in reply 
as follows: 


“The American Institute of Electrical Engi- 
neers, through its Board of Directors in session, 
desires to express its sincere appreciation of your 
message of good will. We hope that our co- 
operation with you in this great cause will still 
further strengthen the bonds of sympathy which 
we have always held with the electrical engineers 
of France.” 
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THE PROBLEM OF SELECTING 
PAPERS 
BY L. T. ROBINSON, chairman, 
Meetings and Papers Committee. 


In accepting papers for publication 
and arranging for their presentation at 
the various meetings of the Institute, 
the Meetings and Papers Committee 
Ваз tried to keep constantly before it 
the wide scope and great variety of what 
may today reasonably be classed as 
electrical engineering. Тһе Secretary 
has recently received and submitted to 
the Committee two letters. One mem- 
ber writes: 

I am particularly interested in the research 


work being done in electrochemistry and physics 
It does seem to me that we might have а 


few papers on subjects dealing with research work. . 


Another member writes: 

The Institute publications are full of long, 
tedious, mathematical calculations describing 
details of electrical machinery design or of trans- 
mission line design or of many similar lines but 
practically none of these papers has the material 
presented in the form that can be used by the 
busy practical engineer who is engaged in that 
particular line and it is of absolutely no value to 
the engineer doing general consulting work. 


Still another member takes exception 
to the attitude of the Committee which 
he feels 15 against publication and pres- 
entation of papers involving higher 
mathematics and that the prestige of 
electrical engineering in America is 
thereby lowered. 

These three view points are somewhat 
dificult to reconcile. The Committee 
is governed in its selections of papers 
by Article I, Section II, of the Constitu- 
tion which reads as follows: 

Its object shall be the advancement of the 
theory and practise of electrical engineering and 
of the allied arts and sciences, and the mainte- 
nance of a high professional standing among its 
members. Among the means to this end shall be 
the holding of meetings for the reading and dis- 
cussion of professional papers and the publication 
of such papers, discussions and communications 
as may seem expedient. ' 

The Committee feels that it is not 
always possible to meet the require- 
ments of any special branch of electrical 
engineering with enough completeness 
to supply all the needs of the workers 
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in that particular line. Оп the other 
hand the intention has always been not 
to confine the publications to one branch 
of the work nor to exclude papers in 
which the authors found it necessary to 
employ a highly mathematical form of 
presentation. 

The Committee has never rejected a 
paper merely because it involved higher 
mathematics. On the other hand, it has 
rejected a number of papers which were 
purely mathematical and had little or 
no bearing on practical engineering 
problems. Institute papers are prima- 
rily engineering papers, and while 
mathematics is a most valuable tool 
of the engineer it is merely a means to 
an end. Mathematical solutions, how- 
ever, complete and ingenious, are out 
of place in the PROCEEINGS unless they 
lead to conclusions of practical engineer- 
ing value. 

It must be remembered that the Com- 
mittee can select for publication only 
such papers as are secured from or 
through the efforts of the members, and 
it is obvious that the most effective 
critic is the one who furnished an ac- 
ceptable paper of the character he 
would like to see published in the Рво- 
CEEDINGS. 

The value of the Institute to the 
public and to its membership is given to 
it by its members. 

The PROCEEDINGS should not be re- 
garded as a magazine or a handbook 
which is purchased with the dues paid. 
It is the journal of your soctety and its 
value is determined by the sum total 
of your individual efforts for the general 
good. 


FUTURE SECTION MEETINGS 


— 


Chicago.— May 28, 1917. 
"Electric Waves”. 

Detroit-Ann Arbor.—May 25, 1917. 
Speaker: Prof. H. H. Higbie. 


Subject: 


Fort Wayne.—May 10, 1917. Sub- 
ject: “Тһе Electrical Ноте”. 
Spokane.— May 18, 1917. Subject: 


"Engineering Education”. 
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DIRECTORS' MEETING 
NEW YORK, APRIL 13, 1917 


The regular monthly meeting of the 
Board of Directors was originally 
scheduled to be held at Schenectady, 
N. Y., but owing to the cancellation of 
the Institute meeting which was to 
have been held in Schenectady, the 
Directors' meeting was transferred to 
Institute headquarters in New York 
City. Тһе meeting was held at the 
usual date, Friday, April 13, 1917, at 
3:00 p. m. 

There were present: President H. W. 
Buck, New York; Past-President John 
J. Carty, New York; Vice-Presidents 
С. A. Adams, Cambridge, Mass., J. 
Franklin Stevens, Philadelphia, Pa., 
William McClellan, New York, B. A. 
Behrend, Boston, Mass., L. T. Robin- 
son, Schenectady, N. Y.; Managers, 
Bancroft Gherardi, A. S. McAllister 
and F. B. Jewett, New York, John B. 
Taylor, Schenectady, N. Y., Harold 
Pender, Philadelphia, Pa., C. E. Skin- 
ner, Charles Robbins, Pittsburgh, Pa., 
М. А. Carle, Newark, М. J.; Treasurer 
George А. Hamilton, Elizabeth, М. J. 
and Secretary F. L. Hutchinson. 

Тһе action of the Finance Committee 
in approving monthly bills amounting 
to $8013.37 was ratified. 

Upon the recommendation of the 
Board of Examiners the following action 
was taken upon pending applications: 
79 Students were ordered enrolled, 184 
applicants were elected to the grade 
of Associate, 4 applicants were rein- 
stated to the grade of Associate, one 
applicant was reinstated to the grade 
of Member, 13 applicants were elected 
to the grade of Member, 3 applicants 
were transferred to the grade of Mem- 
ber, and one applicant was transferred 
to the grade of Fellow. 

Upon the recommendation of the 
Chairman of the Committee on Student 
Branches, authority was granted for the 
organization of a Student Branch at the 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 

The question whether or not, in view 
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of the war, it would be advisable to 
recommend any change in the arrange- 
ments for the Annual Convention was 
discussed, and the Board decided to 
adhere to the dates and location pre- 
viously decided upon: namely, Hot 
Springs, Virginia, June 26-29, 1917. 

A considerable amount of other 
business was transacted, reference to 
which will be found in this and future 
issues of the PROCEEDINGS. i 


PAST SECTION MEETINGS. 


Atlanta.—March 8, 1917, Chamber 
of Commerce. Election of officers for 
the coming year as follows: Chairman, 
A. M. Schoen; vice-chairman, E. P. 
Peck; secretary, Thomas C. Talliaferro. 


March 16, 1917, Chamber of Com- 
merce. Address by Major Lytle Brown, 
U. S. Engineer Corps, оп “Тһе Organi- 
zation, Purpose and Scope of the U. S. 
Engineer Reserve Corps." Also brief 
addresses by Messrs. J. A. Yundt, 
Charles W. Stone and A. M. Schoen. 
Attendance 285. 


Boston.—March 8, 1917, Franklin 
Union. Illustrated address by Mr. 
W. B. Potter on "Electric Transmission 
for Motor Cars." Attendance 350. 


April 3, 1917, Franklin Union. Illus- 
trated addresses by Captain F. E. 
Williford, Coast Artillery Corps, and 
Captain S. B. Downing, Engineering 
Corps, on “Duties of the Engineer іп 
Time of War.’’ Attendance 350. 


Chicago.— March 26, 1917, Western 
Society of Engineers. Paper: “Тһе 
Financial Plan of the Report of the 
Chicago Traction and Subway Com- 
mission" by Bion J. Arnold. Attend- 
ance 200. 


Cleveland.—February 26, 1917, Elec- 
trical League, Hotel Statler. Paper: 
“Central Stations Share in Industrial 
Development” by Н. L. Wallau. Brief 
addresses by Messrs. Wallau, Lindstrom 
and Rakestraw on National Prepared- 
ness and the Part to be Taken by the 
Engineer. Attendance 50. 
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April 16, 1917, Electrical League 
Rooms, Hotel Statler. Address by Mr. 
Ben Perris on ''Illuminating Engineer- 
ing in the Motion Picture Industry." 
Joint meeting with Pittsburgh Section, 
I. E. S. 

Denver.— March 17, 1917, Denver 
Athletic Club. Paper: “Тһе Electric 
Furnace" by R. M. Keeney. Addresses 
by Dr. R. B. Moore and Mr. Thos. B. 
Stearns, Chairman and member re- 
spectively of the Colorado State Board 
of Directors of the Naval Consulting 
Board, on “Industrial Preparedness.” 
Attendance 60. | 

Detroit-Ann Arbor.—February 23, 
1917. Paper: ‘‘Direct-Current Mo- 
tors” by J. C. Parker. 

March 9th, 1917, Detroit Engineering 
Society Rooms. Paper: ‘Electric Arc 
Welders” by J. Е. Lincoln. Attendance 
125. 

Fort Wayne.— March 8, 1917, Temple 
Theatre. Moving picture ''King of the 
Rails." Attendance 1500. 

April 12, 1917, Anthony Hotel. 
Illustrated lecture by Mr. W. B. Potter 
on “Electrification of the Chicago, 
Milwaukee and St. Paul В. К.” At- 
tendance 50. | 

Indianapolis-Lafayette.—M.arch 16, 
1917, Indianapolis. Paper: “Тһе 
Largest Meter for the Largest Plant in 


the World." by О.Н. Angus. Attend- 
ance 70. 
Ithaca.—March 31, 1917. Papers: 


(1) “Тһе Electrical Features of the 
Panama Canal" by G. D. Stahl; (2) 
"The Problems and Possibilities of the 
Central Station Industry" by T. G. 
Spates. Attendance 35. 


Kansas City.— March 28, 1917, Law- 
rence, Kansas. [Illustrated lecture by 
Prof. А. S. Langsdorf on “Тһе Heating 
of Transformers." Motion picture 
"King of the Road." Attendance 96. 

Los Angeles.— March 27, 1917, 
Chamber of Commerce. Paper: “Іп- 
dexing of Engineering Data" by James 
E. Barker. Attendance 35. 

Madison.— April 9, 1917, Engineering 
Building. Symposium on ''Transmis- 
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sion Line Insulators" by Messrs. С. C. 
Neff, H. M. Crothers and G. H. Gray. 
Attendance 40. 

Milwaukee.—April 11, 1917, City 
Club. Illustrated address by Mr. W. 
M. White on "Modern Hydraulic Tur- 
bines—A Milwaukee Product." At- 
tendance 70. 


Pittsburgh.—March 13, 1917, Eng. 
Society of Western Penna., Paper: 
"Power Limiting Reactances and Ser- 
vice Protection" by A. R. Cheyney. 
Attendance 90. 

April 10, 1917, Eng. Society of Wes- 
tern Penna., Paper: ‘Voltage Regula- 
tion of Large Transmission Systems" 
by J. E. Thomas, Е. C. Stone and Н. L. 
Fullerton. Attendance 65. 

Pittsfield.—March 14, 1917, Hotel 
Wendell Eighth Annual Dinner, fol- 
lowed by Address by Mr. Samuel Insull 
on ''Some Developments in Public 
Utility Operations." Attendance 242. 

March 29, 1917, Hotel Wendell. 
Paper: "Insulating Materials" by L. E. 
Barringer. Attendance 115. 

Portland.—March 6, 1917, Mult- 
nomah Hotel. Paper: ‘Steam Tur- 
bines and Reduction Gears for Ship 


Propulsion," by W. J. Davis. Attend- 
ance 180. 

April 3, 1917, Multnomah Hotel. 
Paper: “А Field Investigation of. 


Inductive Interference in Telephone 
Circuits Arising from Parallelism with a 
55,000-Volt Power Circuit" by R. W. 
Mastick. Attendance 41. 


San Francisco.—February 23, 1917, 
Engineers’ Club. Paper: '"Maximum 
Demand Meters” by W. А. Hillebrand. 
Attendance 70. 

March 23, 1917, Engineers Club. 
Paper: ''The Manufacture of Incan- 
descent Lamps” by J. A. Vandegrift. 
Attendance 50. 

Seattle.— March 20, 1917. Paper: 
"Combined Steam and Hydroelectric 
Operation”, by J. D. Ross. Attendance 
41. 

Spokane.— March 16, 1917, Paper: 
"Recent Developments in Electrical 


130 


Cooking", by Miss Laura Addison. 
Attendance 75. 

St. Louis.— March 28, 1917, Engi- 
neers Club. Illustrated address by Mr. 
H. Weichsel on ''Characteristics and 
Applications of Various Types of Poly- 
phase Motors". Attendance 57. 

Toronto.— March 16, 1917, Engineers 
Club. Illustrated address by Mr. 
Henry W. Fisher on 
Cables". Attendance 60. 

Washington.— March 6, 1917, Bureau 
of Standards. Address by Prof. Michael 
I. Pupin on ''Selective Electrical Trans- 
mission". Attendance 113. 


PAST BRANCH MEETINGS 


University of Arkansas.—April 2, 
1917. Paper: ‘‘Hydroelectric Develop- 
ment" by Guy Irby. Attendance 12. 


Armour Institute. March 27, 1917. 
Paper: “Distribution of Central Station 
Energy through Substations,’’ by E. W. 
Grover. Attendance 21. 


Polytechnic Institute of Brooklyn.— 
March 21, 1917.  Mailloux Library. 
Illustrated lecture by Mr. E. E. Bucher 
on ‘‘Wireless Telegraphy"  Atendance 
35. 


March 24, 1917. Inspection Trip to 
the Gold Street generating station of 
the Edison Electric Illuminating Com- 
pany of Brooklyn. Attendance 30. 


March 30, 1917, Mailloux Library. 
Addresses as follows:—(1) “Operation 
of Lighting Substations” by Robert 
Davie; (2) “Converter Starting by 
Direct Current" by V. R. Wall; (3) 
"Selenium, its Properties and Appli- 
cations", by S. Cohen, Attendance 21. 


University of California.— March 14, 
1917. Address on “Тһе Efficiencies of 
the Small Pelton Water Wheels Tested 
іп our Hydraulics Laboratory". Ad- 
dress by Prof. J. H. Hildebrandt on 
"Culture for Engineers". Attendance 
28. 

March 28, 1917. Illustrated address 
by Mr. Potts on “Тһе Manufacture and 
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the Uses of Ball Bearings in the Present 
Day". Attendance 24. 

Carnegie Institute of Technology.— 
March 21, 1917. Paper: "Industrial 
Control", by H. D. James. Attendance 
40. 


Clarkson College.— February 14,1917. 
Paper: "Engineering Accounting," by 
Paul B. Murphy. Attendance 21. 

February 28, 1917. Paper: “Керепег- 
ative Braking of Electric Vehicles,” 
by R. E. Hellmund. Attendance 15. 

April 4, 1917. Papers: (1) “Кеғагаа- 
tion of Automobiles," by R. M. La Clair 
(2) “Commercial Engineering," by 
H. H. Plank. Attendance 12. 


University of Colorado.— February 15, 
1917. Engineering Building. Paper: 
“Theory and Practise in Electrical 
Engineering," by C. E. Drennan. At- 
tendance 18. 


Iowa State College.— March 14, 1917. 
Address by Mr. E. L. Fischer on “The 
Need of Cooperation between Public 
Utilities and Municipalities". Attend- 
ance 34. 

March 21, 1917. Illustrated lecture 
by Mr. A. B. Cole on “Тһе Electrifica- 
tion of Steam Railroads”. Attendance 
84. 


University of Kansas.— March 14, 
1917, Marvin Hall. Papers: (1) “Тһе 
Corona Voltmeter,” by Е. Н. Fox; 
(2) "Manufacture of Munitions," by 
Н. J. Gish. Attendance 38. 

March 28, 1917, Marvin Hall. An- 
nual Meeting. Papers: (1) ''Geared 
Turbine Units," by C. H. Taylor; (2) 
“Electric Propulsion of Ships," by C. 
К. Capp; (3) “Тһе Heating of Trans- 
formers,” by А. S. Langsdorf; (4) “Тһе 
Manufacture of Nitrogen from the Air," 
by H. P. Cady; (5) "Public Utility 
Service," by J. T. Skinner; (6) “Тһе 
Progress of Electrical Development," 
by F. B. Uhrig. Joint meeting with 
Kansas City Section. Attendance 98. 

April 12, 1917, Marvin Hall. Ad- 
dresses as follows:—(1) "''Street-Car 
Street Indicator" by H. F. Lutz; (2) 
"Carbon Brush Testing," by А, V, 
Forsythe. Attendance 35. 
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Lehigh University.— March 22, 1917, 
Phvsics Lecture Room. Papers: (1) 
А Municipal Hydroelectric Lighting 
Xant for Asheville, М. C.", by Н. E. 
McDowell; (2) ‘‘Methods of Carrying 
л Central Station Business," by А.Н. 
-anthin. Attendance 44. 


Lewis Institute.— March 28th, 1917. 
Paper: ''Electrons and How They Serve 
vs by W. С. Bauer. Attendance 412. 


University of Michigan.— March 1, 
1917, New Engineering Building. Paper: 
‘Induction Motors as Applied to Battle- 
ups," Бу A. M. Dudley. Attendance 
19. 

March 26, 1917, New Engineering 
Building. Ilustrated lecture by Mr. 
5. L. Crump on “Air-Break Circuit 
Breakers". Attendance 28. 

University of Missouri.—April 2, 
1917, Engineering Building. Paper: 
“Coke Ovens and By-Products,” by 
M. K. Varner. Attendance 20. 

April 11, 1917, Engineering Building. 
Paper: "Public Service," by Н. B. 
Shaw. Attendance 49. 


University of North Carolina.— March 
29, 1917. Paper: “Рапата Canal апа 
Its Electrification,” by Thomas УУ. 
Strange. Attendance 15. 


Ohio Northern University.—March 
28, 1917, Dukes Memorial. Lecture by 
Prof. К. B. McEacheron оп ‘‘Alterna- 
ung-Current Waves," demonstrated 
with an oscillograph. Attendance 43. 


Ohio State University.—March 23, 
1917, Robinson Laboratory. Address 
эу Mr. F. W. Gilchrist on “Тһе Corona 
Voltmeter". Attendance 22. 


April 13, 1917, Robinson Laboratory. 
Paper: "Determining the Value of 
Public Utilities," by A. E. Flowers. 
Attendance 29. 


University of Oklahoma.— March 13, 
1917, Engineering Building. Paper: 
"Heaviside Operators and Oscillating 
Current Circuits," by A. Press. At- 
tendance 26. 

April 10, 1917, Engineering Building: 
Paper: "Private Ownership of Electrical 
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Utifities," by J. A. Wheatley. Debate: 
Resolved that Oklahoma City Should 
Have a Municipally Owned Central 
Station. Affirmative: A. M. Pigg. 
Negative: A. E. Erickson. Decision 
given to affirmative. Attendance 18. 


Oregon Agricultural College.— March 
29, 1917. Address by Messrs. Hild- 
reth and Zimmerman on their exper- 
iences in electrical work. Attendance 
22. 


University of Pittsburgh.— March 20, 
1917, Thaw Hall. Illustrated lecture by 
Mr. L. A. Riddell on ‘Electrification 
of the Chicago, Milwaukee and St. 
Paul R. R.". Attendance 75. 


Purdue University.— March 20, 1917, 
Electrical Building. Illustrated lecture 
by Prof. C. Е. Harding on “Insulation 
of High-Voltage Transmission Lines”. 
Attendance 78. 


March 27, 1917, Electrical Building. 
Paper: “Street Lighting Development," 
by A. N. Topping. Attendance 55. 


Rensselaer Polytechnic Institute.— 
April 10, 1917, Sage Laboratory. П- 
lustrated lecture by Mr. A. D. Colvin 
on “Тһе Opportunities for Technical 
Graduates in Public Service Corpora- 
tions". Attendance 40. 


Syracuse X University.—March 29, 
1917. Address by Mr. D. J. Burke on 
“Тһе Crucible and Electric Furnace 
Methods of Manufacturing High Grade 
Steel—and Rolling Mill Methods". 
Attendance 14. 


April 12, 1917. Illustrated lecture by 
Мг. Н. R. Klumbach on ‘Color Pho- 
tography”. Attendance 16. 


Throop College of Technology.— 
March 22, 1917, Pasadena Hall. Il- 
lustrated address by Mr. G. A. Reichard 
on "Engineering Work in Тарап”. At- 
tendance 40. 

April 5, 1917, Pasadena Hall. Address 
by Mr. Earle S. Ovington on ‘‘Personal 
Reminiscences of a Bird Man’’. At- 
tendance 117. 


Washington State College.— March 2, 
1917. Lecture on ‘‘Regenerative Brak- 
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ing," by Mr. J. W. Byers. Attendánce 


27. 
March 16, 1917. Lecture by Prof. C. 
C. Todd on “Bakelite”. Attendance 14. 
Washington University.—April 12, 
1917, Cupples Hall. Paper: 'Newer 
Mazda Lamps and Some of Their Ap- 
plications”. Attendance 15. 


ASSOCIATES ELECTED APRIL 13, 
1917 


ADAMS, RALPH B., Telephone Engineer, 
U. S. Forest Service; res., 437 Eddy 
Ave., Missoula, Mont. 

ALTLAND, COMER P., Efficiency Clerk, 
Pacific Gas & Electric Co., 226 Jessie 
St.; res., 662 Clayton St., San Fran- 
cisco, Cal. 

*ANDERSON, OSCAR VICTOR, Superin- 
tendent of Distribution, Toronto 


Electric Light and Toronto Railway | 


Co., res., 535 Shaw St., Toronto, Ont. 

ASHLEY, ALLEN, Sales Engineer, West- 
inghouse Electric & Mfg. Ca., 165 
Broadway, New York; res., 190 
Archer St., Mt. Vernon, N. Y. 

ATMORE, ALFRED Laws, Chief Clerk, 
Engineering Dept., Philadelphia Elec- 
tric Co., 1000 Chestnut St.; res., 5241 
N. 13th St., Philadelphia, Pa. 


AUGUSTINE, PAUL, Special Investigator 
of Elec. Equipment on Buildings, 
New York Industrial Education Sur- 
vey Committee; res., 2381 Valentine 
Ave., New York, N. Y. 


BABBIT, Louis ANGELL, Telephone 
Engineering, Bell Telephone Co. of 
Pennsylvania, 1631 Arch St., Phil- 
adelphia, Pa. 

BAILEY, RAYMOND, Power Plant Con- 
struction, Philadelphia Electric Co.; 
res, West Branch Y. M. C. A, 
Philadelphia, Pa. 

BARROW, GEORGE MADARA, Electrical 
Testing, Westinghouse Electric & 
Mfg. Co., E. Pittsburgh; res., 762 
Franklin Ave., Wilkinsburg, Pa. 

BAUGH, CLIVE EVERETT, Electrician, 
Pacific Gas & Electric Co., 445 Sutter 
St., San Francisco; res., Campbell, 
Cal. 


BEMAN, RANSOM Hay, Division Equip 
ment Inspector, Western Union Tele 
graph Co., 511 Healy Bldg.; res., 2€ 
Colguett Ave., Atlanta, Ga. 

BENNECHE, HALVOR WILLARD, Fore. 
man Station Construction, Anaconda 
Copper Mining Co.; res, 1309 7th 
Ave. No., Great Falls, Mont. 


BENNINGTON, EARL THOMAS, Salesman, 
Erner Electric Co.; гез., 11802 Tus- 
cora Ave., Cleveland, O. 

BERG, E.E., System Operator, Washing- 
ton Water Power Со. Spokane, 
Wash. 

*BERGMAN, DONALD JOSEPH RUSSELL, 
Instructor in Electrical and Mechan- 
ical Engineering, University of Santa 
Clara; res., 660 Lafayette St., Santa 
Clara, Cal. 

*BILLHEIMER, CYRUS RAYMOND, Elec- 

' trical Engineering Dept., West Penn 
Power Co., Pittsburgh; res., 411 
Rebecca Ave., Wilkinsburg, Pa. 


BLAKESLEY, GEORGE R., Superinten- 
dent and Manager, Baraboo Station, 
Wisconsin Power, Light & Heat Co., 
400 Oak St., Baraboo, Wis. 


Вомпр, FRANCIS MARVIN, Industrial 
Engineer, Philadelphia Electric Co.; 
res., 3607 Chestnut St., Philadelphia, 
Pa. 

BONINE, J. H., Field Engineer, Lewis & 
Roth Co., 1012 Liberty Bldg., Phil- 
adelphia; res., Highland Park, Pa. 


BOTHWELL, JOHN Howarp, President 
and General Manager, Bothwell Elec- 
tric Co., 15 Spring Common; res., 127 
W. Myrtle Ave., Youngstown, O. 


BRAUN, WILLIAM, Contracting Elec- 
trical Engineer, 50 Church St., New 
York; res., 494 Manor Ave., Brook- 
lyn Manor, L. I., М. Y. 


Broun, LAForA EUGENE, Assistant 
System Operator, Public Service Co. 
of Northern Illinois; res., 506 Western 
Ave., Joliet, Ill. 


BROWN, JOHN TUNISON, Foreman, Sta- 
tion constructing electricians, Pacific 
Gas & Electric Co.; res., 1276 Jones 
St., San Francisco, Cal. 
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BYRNE, WALTER S., Industrial Engineer 
Omaha Electric Light & Power Co.; 
res, 707 New Hamilton Apts., 
Omaha, Neb. 

CAMPBELL, WILLIAM THOMAS, Wagner 
Electric Mfg. Co., 1650 Real Estate 
Trust Bldg., Philadelphia, Pa.; res., 
635 Cherrier Pl., Camden, N. J. 

CARTER, OsCAR SEDGEWICKE, Assistant 
to Combustion Engineer, United Gas 
Improvement Co., 1401 Arch St., 
Philadelphia; res., Cynwyd, Pa. _ 

CARTMELL, RYALL HERBERT, Electri- 
cian, Detroit Edison Co.; res., 17 
Brady St., Detroit, Mich. 

CARTWRIGHT, ALLEN NORTH, General 
Superintendent Transmission, West 
Penn Power Co., 4th Ave., Pitts- 
burgh, Pa. 

CASTLEMAN, DAVID JAMES, Assistant 
Engineer, Gibbs & Hill; res., 157 W. 
123rd St., New York, N. Y. 

CHAPPELL, WILLIAM HAROLD, Labora- 
tory Assistant, Philadelphia Electric 
Co.; res., 233 Roxboro Ave., Phila- 
delphia, Pa. 

*'CHEENY, RICHARD CLARK, Automobile 
Sales, Medina; res., LeRoy, O. 

CHRISTIANSEN, Kaj CHRISTIANS, Assist- 
ant Electrical Engineer, International 
Acheson Graphite Co.; res., 913 
Walnut Ave., Niagara Falls, N. Y. 

*CLAPP, PAUL SPENCER, Western Elec- 
tric Со., New York, М. Y.; res., 27 
Hillside Ave., Montclair, N. J. 

CLARK, WALTER JoHN, Engineer of 
Equipment and Maintenance, Gener- 
al Electric Co.; гез., 66 Springside 
Ave., Pittsfield, Mass. 

CorDEs, WILLIAM BERNARD, Electrical 
Construction Foreman, General Elec- 
tric Co.; res., 503 W. 169th St., New 
York, N. Y. 

Cox, Harry A., Chief Operating Engi- 
neer, Orange County Lighting Co.; 
res., 119 W. Маш St., Middletown, 
N. Y. 

Cox, JoHN W., Maintenance Man, Арра- 
lachian Power Co., Bluefield, W. Va. 
Curry, WALTER ANDREW, Junior Asst. 
to Chief Electrical Engineer, New 
York, Edison Co., 124 E. 15th St., 

New York, N. Y. 
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*CurRTIS, RALPH ENDICOTT, Assistant 
Electrical Engineer, United Electric 
Light Co., Springfield; res., 202 Ohio 
Ave., West Springfield, Mass. 

Dang, Н.Р. Louis, Electrical Engineer, 
Research Corporation, New York; 
res., 144 Columbia Heights, Brook- 
lyn, N. Y. 

*DAVIES, JAMES BENFORD, JR., Engi- 
neer, Alabama Power Co.; res., 1309 
Glen Iris Ave., Birmingham, Ala. 

*DEMING, GEORGE EDWARD, Engineer- 
ing Assistant, Counties Gas & Elec- 
tric Co., 120 West Penn St., Norris- 
town, Pa. 

*DEWARS, ALLEN GUTHRIE, St. Paul 
Gas Light Co., St. Paul; res., 3241 
Minnehaha Ave., Minneapolis, Minn. 

Dopp, SAMUEL Morris, Sales Engineer, 
Wagner Electric Mfg. Co., 1650 Real 
Estate Trust Bldg., Philadelphia; 
res., 116 Yale Ave., Swarthmore, Pa. 

DopGE, WALTER J., Engineer, Pacific 
Tel. & Tel. Co., San Francisco; res., 
1120 Ventura St., Berkeley, Cal. 

DOLBIER, FRED. E., Electrical Engineer, 
Walker & Kepler, 531 Chestnut St., 
Philadelphia; res., 43 W. Stratford 
Ave., Lansdowne, Pa. 

DREW, ERNEST CLAUDE, Engineering 
Dept., Bell Telephone Co. of Penn- 
sylvania, 1631 Arch St.; res., 519 S. 
42nd St., Philadelphia, Pa. 

DupLEY, NoLAN Lewis, JR., Electrical 
Engineer, Empire Steel & Iron Co., 
Mt. Hope, N. JJ. 

«ШоМомр, JESSE WILLIAM MONROE, 
Testing Dept., General Electric Co.; 
res., 17 Elm St., Schenectady, N. Y. 

DUNN, STEPHEN E., Electrical Student, 
University of California, 2333 Chan- 
ning Way, Berkeley, Cal. 

EALEs, HERBERT WILLIAM, Chief Elec- 
trical Engineer, Union Electric Light . 
& Power Co.; res., 3927 Shaw Ave., 
St. Louis, Mo. 

EILERS, Roy M., Counsel for Electrical 
Manufacturing Companies, 824 Cen- 
tral National Bank Bldg.; res., 1616 
Kings Highway, St. Louis, Mo. 

ELLIOTT, EDWARD Byron, Engineer, 
Semet-Solvay Co.; res., 942 Westcott 
St., Syracuse, N. Y. 
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ELLIs, JOHN WINTHROP, Hydraulic 
Operator, Mt. Whitney Power & 


Electric Co., Hammond; res., 1014 
Myrtle St., Oakland, Cal. 

ELLis WALTER CARROLL, Superinten- 
dent of Lines, Westfield Gas and 
Electric Light Works; res., 44 Court 
St., Westfield, Mass. 

Epps, WILLIAM JAMES, Electrical Engi- 
neer, Rua Dom Geraldo 80, Rio de 
Janeiro, Brazil, South America. 

*EPSTEIN, SOLOMON ALEXANDER, Elec- 
trical Contracting and Sales Engineer, 
X-L Electric Co.; res., 237 Race St., 
Philadelphia, Pa. 

FLEMING, ASHER Kessy, Chief Chassis 
Electrician and Experimental Engi- 
neer, Simplex Automobile Co.; res., 
78 Jersey Ave., New Brunswick, М. ]. 


FORSGARD, CHARLES HENRY, Division 
Manager, Texas Gas & Electric Co., 
Childress, Tex. 


FouRAKER, LEROY L., Inspector, Phil- 
adelphia Electric Co.; res., 1625 
Allengrove St., Philadelphia, Pa. 


FRAZIER, BAYARD RHODEs, Transfor- 
mer Engineering Dept., General Elec- 
tric Со.; res,  Pontoosuc Lake, 
Pittsfield, Mass. 


FULLER, HARRY LAWRENCE, Assistant 
Superintendent, Electric Co. of Mis- 
souri and St. Louis Co. Gas Co., 6170 
Bartmer Ave., St. Louis, Mo. 


*FUNK, RAYMOND J., Engineer, Service 
Dept., Brown Instrument Co., 2138 
Oliver Bldg., Pittsburgh; res., 5029 
Haverford Ave., Philadelphia, Pa. 


GALAJIKIAU, Harc, Engineer, Common- 
wealth Edison Co., 28 N. Market St.; 
res., 5916 Kenmore Ave., Chicago, 
Ill. 

*Gauss, WILLIAM F., Supervisor of 
Methods, Central District Telephone 
Co.; res, 5510 Ellsworth Ave., 
Pittsburgh, Pa. 

GOLDSCHMIDT, А. L., Electrical Engi- 
neer, Secretary - Treasurer, Public 
Utilities Corp., Malta, Mont. 

GoLL, WALTER Scott, 
Engineer, General Electric 
Fort Wayne, Ind. 


Commercial 


Co., 
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GoMEZ, Louis GRANT, Telephone Ex- 
pert, Public Utilities Commission of 
the State of Colorado, 210 Telephone 
Bldg., Denver, Colo. 

GoopNow, FRANK EDWARD, Engineer of 
Electrical Design, Public Service Co., 
72 W. Adams St., Chicago, Ill. 


GREEN, HENRY НоімЕв, Electrical 
Asst., Testing Bureau, Brooklyn 
Rapid Transit System; res. 42 


Irving Pl, Brooklyn, N. Y. 

GREGG, ALBERT MERVIN, Engineer, 
Electrical Construction, Great Wes- 
tern Sugar Co., 600 Sugar Bldg.; res., 
1048 Downing St., Denver, Colo. 


GROSSMAN, PHILIP, General Manager, 
Vaughn & Meyer, 1007 Majestic 
Bldg.; res., 520 Lake Drive, Mil- 
waukee, Wis. 

HAGENSICK, EDMUND HERBERT, Super- 
intendent Electrical Line, Omaha and 
Council Bluffs Street Ry. Co., Omaha, 
Neb. 

HaiNES, Іл.оүр, Assistant to Electrical 
Engineer, А. C. Wood; res., 886 
Holly St., Philadelphia, Pa. 

*HAINES, WILLIAM HOWARD, Electrical 
Engineer, Westinghouse, Church, 
Kerr & Со., 37 Wall St.; гез., 782 
West End Ave., New York, N. Y. 


HALE, WILLIAM KING, Assistant to 
Electrical Engineer, Mountain States 
Tel. & Tel. Co.; res., 1430 Franklin 
St., Denver, Colo. 


HarL, Harry G., District Agent, 
Detroit Edison Co.; res., 16 Mosher 
Pl., Mt. Clemens, Mich. 

HarL, LYNDON THOMAS, Asst. Supt. 
Construction, Lewis & Roth Co., 
1012 Liberty Bldg.; res., 18 S. 43rd 
St., Philadelphia, Pa. 

HARBAUGH, WILLIAM MILTON, Effi- 
ciency Engineer, Kansas City Light 
& Power Co.; res., 4020 Walnut St., 
Kansas City, Mo. 

HAROLD, JOHN J., Power Station Equip- 
ment and Printing Plant; res., 64 W. 
107th St., New York, N. Y. 

HaRT, R. DEAN, Electrical Mechanic, 
Washington Water Power Co.; res., 
W. 2128 Mallon Ave., Spokane Wash. 


| 
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Hayes, JOHN MAURICE, Transformer 
Specialist, Philadelphia District Office 
General Electric Co., Witherspoon 
Bldg., Philadelphia, Pa. 

HazzaRD, ROY THORPE, Hydraulic Oper- 
ator, Mt. Whitney Power & Electric 
Co, Hammond; res., Whittier, Cal. 


HEINRITZ, WALTER JOHN, Construction 
Engineer, United Gas Improvement 
Co., Philadelphia; res., “The Hamil- 
ton’’, Norristown, Pa. 

HENNESSEY, MAURICE JOHN, Chief 
Draftsman, Lewis & Roth Co., 1012 
Liberty Bldg.; res, 5012 Wayne 
Ave., Germantown, Philadelphia, Pa. 


HersH, Harry, Sales Engineer, Mil- 
waukee Electric Railway & Light Co.; 
res., 4913 34th St., Milwaukee, Wis. 


HILLEMEYER, JOSEPH EDWARD, Supt. of 
Gas and Electrical Distribution, 
Union Electric Light & Power Co.; 
res, 52 Jefferson Barracks Rd., 
Webster Groves, Mo. 

HoRNBERGER, EARL J., Sales Engineer, 
Wagner Electric Mfg. Co., 1650 Real 
Estate Trust Bldg., Philadelphia, Pa.; 
res., 209 Penn St., Camden, М. ]. 


Hoye, JAMES PERNELL, Mechanical and 
Electrical Engineer, National Twist 
Оп! & Tool Co., Brush & Grand 
Blvd.; res., 797 Seneca Ave., Detroit, 
Mich. 

HUBBELL, JAMES WAKEMAN, Engineer 
of Equipment and Buildings, Bell 
Telephone Co. of Pennsylvania, 1631 
Arch St., Philadelphia, Pa. 

INGHAM, CLARENCE Ray, General Fore- 
man, Iowa Electric Co., Cedar 
Rapids; res., Toledo, Ia. 


JANSEN, EDWARD CLINTON, Chief Engi- 
neer, Colorado Power Co., 828 Symes 


Bldg.; геѕ., 1145 Lafayette St., 
Denver, Colo. 
JENKINS, JOHN EpcGar, Switchboard 


Operator, Philadelphia Electric Co.; 
res., 2135 S. Frazier St., Philadelphia, 
Pa. 


JOHNSON, CHARLES FRANKLIN, Virginia 
Railway & Power Co., 505 E. Grace 
St., Richmond, Va. 
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JOHNSON, JOHN Henry, Manager of 
Sales and Estimating Depts., Messrs. 
Crompton & Co. Ltd.; res., “Tre- 
wedna", Park Ave., Chelmsford, 
England. 

Јонмѕом, Leo C., Electrical Mechanic, 
Washington Water Power Co.; res., 
E. 803 Bridgeport Ave., Spokane, 
Wash. 

JoNEs, PauL Scott, Electrical Engi- 
neer, Cutler- Hammer Mfg. Co.; res., 
183 14th St., Milwaukee, Wis. 

Joyce, JOHN BERNARD, JR., New 
Business Assistant to the Agent, 
Public Service Electric Co., 695 
Bloomfield Ave., Montclair, N. J. 


KAUMHEIMER, EDWIN A., Milwaukee 
Electric Railway & Light Co.; res., 
987 2nd St., Milwaukee, Wis. 


KNOWLES, WILLIAM, Electrician, El 
Paso Smelting Works, El Paso, Tex. 


KocH, HERMAN J., Draftsman, Cutler- 
Hammer Mfg. Co.; res., 485 39th St., 
Milwaukee, Wis. 


*KRESSLY, HOWARD CHARLES, Station 
Construction Dept., Philadelphia 
Electric Co.; res., 1752 N. Marshall 
St., Philadelphia, Pa. 

ГАКІУІЗ: КЕ, ALEXANDRE, Electrical Engi- 
neer, Quebec Public Utilities Com- 
mission; res., 65 St. Ann St., Quebec, 
Que. 

LITTLE, EDWARD WHITNuM, Electrical 
Draughtsman, Interborough Rapid 
Transit Co.; res., 5000 Broadway, 
New York, N. Y. 


LOUDEN, JAMES GRAVES, Sales Engineer 
Engineering Equipment Co.; res., 
6227 Ogontz Ave., Philadelphia, Pa. 

*Lucas, Harry NYE, Salesman, West- 
inghouse Electric & Mfg. Co., Phila- 
delphia; res., 6 Benedict Ave., South 
Ardmore, Llanerch, Pa. 


Mac GILLIvRAY, Howard, Sales Engi- 
neer, Cutler-Hammer Mfg. Co., 50 
Church St., New York; res., 93 N. 
13th St., Flushing, N. Y. 

MANCHA, RAYMOND, President, Mancha 
Storage Battery Locomotive Co., 
1941 Railway Exchange Bldg., St. 
Louis, Mo. ; 
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*MARELEWITZ, EMIL ALBERT, Com- 
mercial Engineer's Office, Mountain 
States Tel. & Те. Co.; res, 4106 
Stuart St., Denver, Colo. 

MATHEWS, CLARENCE EUGENE, Fore- 
man Construction, Lewis & Roth Co., 
1012 Liberty Bldg., Philadelphia, Pa. 

MATTHEWS, IRA BURNARD, Supt., Trans- 
former Dept., Toledo Railways & 
Light Co.; res., 426 Langdon St., 
Toledo, O. 

McDona.p, DONNELLY PATRICK, Fac- 
tory Engineer, General Electric Co.; 
res., 536 W. Jefferson St., Ft. Wayne, 
Ind. 

McFARLAND, HEBER, Sales and Engi- 
neering, National Carbon Co.; res., 
11020 Detroit Ave., Cleveland, O. 

*McIvER, MATTHEW GILMOUR, Drafts- 
man, Engine Div., Newport News 
Shipbuilding & Dry Dock Co.; res., 
91 32nd St., Newport News, Va. 

McLeEop, WALTER R., Division Power 
Representative, Public Service Elec- 
tric Co., 84 Sip Ave.; res., 25 Jones 
St., Jersey City, N. J. 

MEYERS, WILLIAM H., Superintendent, 
Stations and Lines, Bridgeton Elec- 
tric Co.; res., 36 Washington St., 
Bridgeton, N. J. 

MITCHELL, WILLIAM ANGUs, Electrical 
Engineer, Great Western Sugar Co., 
500 Sugar Bldg.; res., 2939 Douglas 
РІ., Denver, Colo. 


Moore, ROBERT VERNON, Chief Engi- 
neer, Armour Leather Co.'s Extract 
Plant, Sylva, Jackson County, N. C. 


NAKAGAWA, Тококо, Chief Engineer, 
Okumura Electric Co.; Lecturer, 
Kyoto Imperial University; res., 
3 Dekuchi Shogoincho, Kyoto, Japan. 

NEEL, WILLIAM TRENT, Asst. to Supt. 
of Meter and Installation Depts., 
Philadelphia Electric Co., 1000 Chest- 
nut St., Philadelphia, Pa. 

NESBITT, FREDERICK COOKMAN, Engi- 
neer, E. W. Clark & Co. Management 
Corp., Huntington Bank Bldg., Co- 

- lumbus, О. 

NEVRAUMONT, Louis JOSEPH, Operator, 
Pacific Gas & Electric Co.; res., 197 
Duboce Ave., San Francisco, Cal. 
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NICHOLS, JOSEPH Barstow, Superin- 
tendent, Paulsen Building; res., 04009 
Calispell, Spokane, Wash. 

NORDFELDT, HENRIK BkiGER ELis, 
Patent Expert, Allmanna Svenska 
Elektriska Aktiebolaget, Vasteras, 
Sweden. | 

МовкЕК, Louis F., Chief Meter Tester, 
Municipal Light Plant; гез., 2245 E. 

“8204 St., Cleveland, О. 

NUGENT, FRANK R., Chief Plan Ex- 
aminer, Department Water Supply, 
Gas & Electricity; res., 1260 Hamil- 
ton Ave., Richmond Hill, N. Y. 

OLSEN, BERNHARD, Sales Agent, General 
Electric Co., 402 Paulsen Bldg.; res., 
Altadena Apts., Spokane, Wash. 

OLSEN, Harry Norris, Testing Dept., 
Safety Insulated Wire & Cable Co., 
Bayonne, N. J.; res., 211 W. 47th St., 
New York N. Y. 

ONG, CARLETON G., Salesman, Westing- 
house Electric & Mfg. Co., 407 Trac- 
tion Terminal Bldg., Indianapolis, 
Ind. 

Отт, EnNEST H., Salesman, Westing- 
house Electric & Mfg. Co., Cleveland; 
res., 98 Carlyon Rd., E. Cleveland, 
O. 

PALME, ARTHUR, Transformer Engi- 
neering Dept., General Electric Co.; 
res., Woodlawn Inn, Pittsfield, Mass. 

*PARMENTER, ROBERT JOHN, Electrical 
Draftsman, Sargent & Lundy; res., 
2308 Cleveland Ave., Chicago, Ill. 

PATITZ, GEORGE JOHN, Electrical Engi- 
neer, Dept. of Gas and Electricity, 
City of Chicago; res., 4826 N. 
Monticello Ave., Chicago, Ill. 

PAUSTIAN, FRANZ HENRY, Facilities 
Dept., Nebraska Telephone Co.; res., 
114 S. 42nd St., Omaha, Neb. 

PERKINS, ROWAN PENROSE, Engineer's 
Dept., United Gas Improvement Co., 
1401 Arch St.; res., 2005 De Lancey 
St., Philadelphia, Pa. 

PERLEY, FRANK G., Assistant Power 
Engineer, Lehigh Valley Light & 
Power Co.; res, 36 М. 138th St., 
Allentown, Pa. 

PIKE, Рнплр H., Foreman, Switch- 
board Dept., Lewis & Roth Co.; res., 
2447 Reese St., Philadelphia, Pa. 
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POMEROY, GEORGE AUGUSTUS, Instruc- 
tor in Electrical Engineering, Uni- 
versity of Michigan; res., 836 E. 
University Ave., Ann Arbor, Mich. 

Рохзомвү, Amos A., Assistant Elec- 
tical Superintendent, Wilmington 
Steel Co.; res., 1304 W. 7th St., 
Wilmington, Del. 

Prior, HARRY E., Armature Winder, 
Capital Traction Co.; res., 2408 
Pennsylvania Ave., N. W., Washing- 
ton, D. C. | | 

Prout, Curtis, Engineer, Illinois Trac- 
ton System; res, 513 S. 7th St., 
Springfield, Ill. 

ОслутЕ, LE Roy ABELL, Chief Me- 
chanical Engineer, Cleveland Water 
Department; res., 1455 W. 98th St., 
Cleveland, O. 

Осіхтом, T. C. Electrical Engineer, 
1166 The Rookery, Chicago; res., 
4910 W. 25th St., Cicero, Ill. 

RaBBE, OSCAR FREDERICK, Superin- 
tendent of Heating Station, Toledo 


Railway & Light Co.; res, 430 
Floyd St., Toledo, O. 
REDDIE, WILLIAM WALLACE, Sales 


Dept., Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa.; res., 
Columbian Hotel, Trinidad, Colo. 

RHODES, SAMUEL ARTHUR, Transmis- 
sion Engineer, Central Group Bell 
Telephone Cos., 212 W. Washington, 
St., Chicago, Ill. 

RITTER, WILLIAM HowaRp, Inspector, 
Public Service Co. of Northern Illi- 


nois; res., 1519 Thorn St., Chicago 
Heights, Ill. 
ROBERTS, EDWARD ALEXANDER, Re- 


search Fellow, Engineering Experi- 
ment Sta., University of Illinois, 114 
Transportation Bldg., Urbana, Ill. 

RoBERTs, WILLIAM SAUNDERS, Sales 
Manager, Anderson Motor Co., Rock 
Hill, S. C. 

Ross, JAMES HARVEY, Electrical Engi- 
neer, Freeport Sulphur Co., Free- 
port, Tex. 

SARGL, GOTHARD, Superintendent of 
Construction, Stone & Webster Con- 
struction Co., 147 Milk St., Boston, 
Mass.; res., East Grand Forks, Minn. 
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SAUNDERS, GEORGE ALFRED, Electrical 
Engineer, Station Designing, Hy- 
droelectric Power Commission; res., 
42 Major St., Toronto, Ont. 


SAUNDERS, LLEWELLYN, Dept. of Stand- 
ards, Westinghouse Electric & Mfg. 
Co., East Pittsburgh; res, 437 
Rebecca Ave., Wilkinsburg, Pa. 


SCHNEIDER, FRANCIS JOSEPH, Assistant 
Switchboard Operator, Philadelphia 
Electric Co.; гез., 2045 S. 19th St., 
Philadelphia, Pa. 


SCHNEIDER, SAMUEL, Foreman Elec- 
trician, West End Electric Co.; res., 
2835 W. 1st St., Coney Island, N. Y. 


Scott, MAURICE, Assistant Foreman»: 
Firestone Tire & Rubber Co.; res., 
505 Brown St., Akron, O. 


*SEARES, LAUREN V., Chief Inspector, 
Colorado Power Co., 828 Symes 
Bldg., Denver, Colo. 


SHARPLES, A. ROBERTS, Testing Engi- 
neer, Electric Service Supplies Co.; 
res., 1345 715% Ave, Oak Lane, 
Philadelphia, Pa. 

SHURTS, GEORGE ЈАСОВ, Electrical 
Engineer, Standard Underground 
Cable Co.; res., 101 Madison Ave., 
Perth Amboy, N. J. 


SILBERT, RICHARD HENRY, Special 
Inspector, Philadelphia Electric Co.; 
res., 3821 N. 13th St., Philadelphia, 
Pa. 


SILVA, ALBERT D., Commercial Engi- 
neer, General Electric Co., 1008 
Illuminating Bldg.; res, 1840 Е. 
26th St., Cleveland, O. 


SINELNICK, Harris B., JR., Electrical 
Engineer, Public Service Commission, 
Ist Dist., 2450 Equitable Bidg., 
New York, N. Y. 


SLOAN, ROYAL DANIEL, Instructor in 
Electrical Engineering, Montana 
State College, Bozeman, Mont. 


SoMES, HowARD EDWARD, Chief Drafts- 
man, Automatic Transportation Co.; 
res., 194 Merrimac St., Buffalo, N. Y. 


STEWART, LESTER DoucLass, Master 
Mechanic, Montreal Mining Co., 
Hurley, Wis. 
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Тамм, WALTER LESLIE, Draftsman, D. 
C. Drafting Dept., General Electric 
Co.,Schenectady; res., 132 Sixth Ave., 
North Troy, N. Y. 

TAYLOR, ROGER, Engineer, Philadelphia 
Electric Co.; res., 1120 Tiogo St., 
Philadelphia, Pa. 

*THOMPSON, HAROLD EARLE, JR., Elec- 
trical Engineer, Department of Elec- 
tricity, City of Chicago; res., 2936 
Fulton St., Chicago, Ill. 

Тномрѕом, Н. L., Inspector, Royal 
Indemnity Co., 84 William St., New 
York, М. Y.; res, 126 State St., 
Harrisburg, Pa. 


THOMSON, GIRARD C., Inspector and 
Tester, Sperry Gyroscope Co.; res., 
745 Argyle Rd., Brooklyn, N. Y. 

TIDEMAN, HENRY L. T., Electrical 
Engineer, 614 City Hall; res., 5625 
Windsor Ave., Chicago, Ill. 

TOMLINSON, JOSEPH THURMAN, Assist- 
ant Chief Electrician, Spang, Chal- 
fant & Co.; res., 618 Butler St., Etna, 
Pa. 

VOLENTINE, PAUL, Power Representa- 
tive, Public Service Electric Co., 84 
Sip Ave.; res., 80 Fairview Ave., 
Jersey City, N. J. 

WALKER, HAROLD NELSON, Electrical 
Engineer, Washington Water Power 
Co.; res., 1822 Shannon Ave., Spo- 
kane, Wash. 

WALKER, HENRY NEWTON, Treasurer, 
Walker Bros. & Haviland, 112 S. 16th 
St., Philadelphia; res., Wyncote, Pa. 

WARD, GEORGE ADELBERT, Electrical 
Testing, Cutler-Hammer Mfg. Co.; 
res., 410 Webster Pl, Milwaukee, 
Wis. 

WARNICK, JOHN HacEy, Asst. to Gen- 
eral Superintendent., United Gas Im- 
provement Со. 1401 Arch St., 
Philadelphia, Pa. 

Watson, Francis Hosss, Service Dept. 
Wagner Electric Mfg. Co.; res., 259 
9. 515% St., Philadelphia, Pa. 


»WETZEL, WALTER C., Superintendent 
Water and Light, Borough of Sharps- 
burg; res., 811 Main St., Sharpsburg, 
Pa. 
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*WOODRUFF, BENJAMIN Hicks, JR., 
_Instructor, Electrical Dept., Georgia 
School of Technology; res, 87 W. 
North Ave., Atlanta, Ga. 

WRIGHT, GEORGE I., Foreman Substa- 
tion Construction, Southern Pacific 
Co., 40 Union Station, Portland, Ore. 


YATES, PETER BERTRAM, Manager, 
Hydroelectric Commission of the City 
of St. Catherines, 200 St. Paul St., 
St. Catherines, Ont. 


ZIMMERMAN, ALFRED W., Manager, 
Zimmerman Supply Co.; res., 3504 
Fairfield Ave., Ft. Wayne, Ind. 


ZOLL, Roy Сомкар, Electrical Tester, 
Bureau of Power and Light, City of 
Los Angeles; res., 1035 Everett St., 
Los Angeles, Cal. 

Total 184. 

*Former enrolled Students. 
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BLuM, ARTHUR NORBERT, Chief Engi- 
neer, Henry Disston & Sons Inc., 
Philadelphia; res., The Delmar Mor- 
ris, Chelton Ave. Germantown, 
Philadelphia, Pa. 

BRYANS, HENRY BussELL, Engineer, 
Counties Gas & Electric Co., 212 
DeKalb St.; res., 204 Franklin Ave., 
Norristown, Pa. 

CALDWELL, PAUL, Sales Engineer, Gen- 
eral Electric Co., 1315 Oliver Bldg.; 
res., 7819 Madiera St., Pittsburgh, 
Pa. | Я 

CRISFIELD, J. А. P., Engineer, United 
Gas Improvement Co., 1401 Arch St.; 
res., Chestnut Hill, Philadelphia, Pa. 


DONALDSON, БКорЕкиск D., Power 
Engineer, United Gas Improvement 
Co., 1401 Arch St., Philadelphia; 
гез., 101 Llanfair Rd., Ardmore, Pa. 

FRASER, DANIEL MACFARLANE, Esti- 
mating Engineer, Canadian General 
Electric Co. Ltd.; res., 7114 Queen St. 
East, Toronto, Ont. 

IVANOVSKI, GEORGE L., Representative 
of Russian Siemens-Shuckert Co., 
2 Rector St., New York, N. Y. 
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MELLET, JOHN EDWARD, Commercial 
Engineer, Hydroelectric Sales, Geor- 
gia Railway & Power Co.; res. 91 
E. 7th St., Atlanta, Ga. 

MELNIKOFF, NICHOLAS PAVLOVICH, 
Chief Engineer, Cabinet of his 
Majesty, Emperor of Russia; res., 
Spalernaia, 34, Petrograd, Russia. 

OXER, GEORGE CARROL, Supervisor of 
Design, J. G. White Engineering 
Corp., New York; res., 23 Sea Ave., 
Arrochar, S. I., N. Y. 

PEABODY, DoucLAss WELLES, District 
Manager, Power & Mining Dept., 
General Electric Co.; res., 247 Е. 
10th St., Atlanta, Ga. 

PENNEY, FRANK HERBERT, Electrical 
Engineer, Industrial Control Dept., 
General Electric Co., Schenectady; 
гез., 101 Glen Ave., Scotia, М. Y. 

TOMPKINS, ЕруУАЕрР M., Electrical 
Engineer, 614 City Hall; гез., 1914 
Farragut Ave., Chicago, Ill. 


ASSOCIATES RE-ELECTED APRIL 
13, 1917 

FrisBy, ROGER L., Testing Engineer, 
Commonwealth Edison Co., 28 N. 
Market St.; res., 3004 Palmer Sq., 
Chicago, Ill. 

Нлл, EDWIN CHAMBERLAYNE, South- 
ern Manager, General Acoustic Co.; 
res., 1657 Lamont St. М. W., Wash- 
ington, D. C. 

HEAD, HARLEY GLENN, Commercial 
Engineer, General Electric Co.; res., 
2423 S. Wayne Ave., Ft. Wayne, Ind. 


Нил,, HALBERT P., Vice-President and 
General Manager, Ophüls, Hill & 
McCreery, Inc., 112-114 W. 42nd St., 
New York, N. Y. 


L'HodMEDIEU, W. P., Manager, Rail- 
way & Lighting Div., Westinghouse 
Electric & Mfg. Co., 707 First 
National Bank Bldg., San Francisco, 
Cal. 


MERRILL, BARRETT Morris, Assistant 
Superintendent Light & Power Sys- 
tem, Washington Water Power Co.; 
res., 2315 S. Madison St., Spokane, 
Wash. 
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Moore, NELSON, S., Sales Engineer, 
Lewis & Roth Co., 1012 Liberty 
Bidg.; res., 514 Midvale Ave., Phila- 
delphia, Pa. 

RANSOPHER, SILAS MILO, Special Agent 
Vocational Dept. of the Public 
Schools, Room K, Public Library 
Bldg., 9th and Locust, Kansas City, 
Mo. 

SMITH, BURKE, Engineering Dept., 
Central Group of Bell Telephone Cos., 
Room 1901, 212 W. Washington St., 
Chicago, Ill. 

SMITH, [кус B., Head of Research 
Dept., Leeds & Northrup Co., Phila- 
delphia; res., Ambler, Pa. 

WILLIAMS, SAMUEL Вовтом, Bell Tele- 
phone Co. of Pennsylvania, Phila- 
delphia; res., 106 Llandaff Rd., 
Lianerch, Pa. 


MEMBER RE-ELECTED APRIL 13, 
1917 


BATCHELLER, BIRNEY CLARK, Chief 
Engineer, American Pneumatic Ser- 
vice Co., New York; res., Hotel 
Margaret, Columbia Heights, Brook- 
lyn, N. Y. 


RECOMMENDED FOR TRANSFER 

The Board of Examiners, at its 
regular monthly meeting on April 4, 
1917, recommended the following mem- 
bers of the Institute for transfer to the 
grade of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 


To Grade of Fellow 
SoTHMAN, P. W., Consulting Enginecr, 
New York, N. Y. 


қ To Grade of Member 

GROVE, WILLIAM H., Inspector for 
Electrical Engineer, Edison Electrical 
Illuminating Co. of Brooklyn, Brook- 
lyn, N. Y. 

PANNELL, ERNEsT V., Engineer, British 
Aluminum Co. Ltd., Toronto, Ont. 
SMITH, IRVING B., Head of Research 
бері. Leeds & Northrup Co., 

Ambler, Pa. 


140 


Sutton, Н. CRAIG, Assistant to Elec- 
trical Engineer, United Gas Im- 
provement Co., Philadelphia, Pa. 


Tompkins, Н. К. V.. Chief Engineer, 
Texas Gas & Electric Co., Houston, 
Тех. 


Recommended for Transfer by the 
Board of Examiners April 26, 1917. 


To Grade of Member 
JEFFERSON, W. H., Electrical Engineer, 
Cutler-Hammer Mfg. Co., Milwaukee, 
Wis. 


TRANSFERRED TO THE GRADE OF 
FELLOW APRIL 13, 1917 


^ Hunt, FRED L., Chief Engineer, Tur- 
ners Falls Power, & Electric Co., 
Greenfield Electric Light & Power Co., 
Amherst Gas Co., Easthampton Gas 
` Co., Agawam Electric Co., Ludlow 
Electric Light Co., Greenfield, Mass. 


TRANSFERRED TO THE GRADE OF 
MEMBER APRIL 13, 1917 


ШүснЕ, Howarp EDWARD, Assistant 
Professor of Electrical Engineering, 
University of Pittsburgh, Pittsburgh, 
Pa. 

MEYER, FRANK J., Chief Electrical 
Engineer, Oklahoma Gas & Electric 
Co., Oklahoma City, Okla. 


STEVENOT, J. E. HAMILTON, Construct- 
ing and Consulting Electrical Engi- 
neer, Manila, P. I. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
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of these candidates should so inform 

the Secretary before May 31, 1917. 

Abbott, W. R., Chicago, Ill. 

Arnett, W. W., Jr. (Member), Phila- 
delphia, Pa. 

Bartlett. P. H. (Member), Philadelphia, 
Pa. 

Benton, C. H., Haskell, N. J. 

Berkley, H. W., East Pittsburgh, Pa. 

Berry, C. M., Bluefield, W. Va. 

Biggs, J. E., Chicago, Ill. 

Bolle, H. A., New York, N. Y. 

Bowles, R. H., Sau Paulo, Brazil 

Bradish, C. B. (Member), Schenectady, 
N. Y. 

Breitinger, C. M., Philadelphia, Pa. 

Caldwell, B.J.(Member), Champaign, Ill. 

Callahan, E., Jr., Cornucopia, Ore. 

Chaffe, J. B., Jr., New York, N. Y. 

Condon, E. J., Jr., Angola, Ind. 

Cooper, S. M., Long Island City, N. Y. 

Coulter, R. S., Chicago, Ill. 

Cronheim, D. H., Birmingham, Ala. 

Cruzat, M. A., East Pittsburgh, Pa. 

Cuff, G. C., Toronto, Ont. 

Curtis, H. A., Hobart, Tasmania 

Custer, W. O. (Member), Mansfield, O. 

Dann, N. L., Montreal, Que. 

Danser, H. W., Long Branch, N. J. 

Davis, A. H., Jr., Schenectady, N. Y. 

Davis, А. L., Bangor, Me. 

Davis, H. E., Syracuse, N. Y. 

Dempster, J. B. (Member), Des Moines, 
Ia. 

Desbecker, J. W., New York, N. Y. 

Donahoe, J. T., Chicago, Ill. 

Donkin, J., Jr., Chicago, Ill. 

Douglas, D. C., Camden, N. J. 

Drummond, W. D., Liverpool, O. 

Dunlap, C. H., Chicago, Ill. 

Ellis, J., Philadelphia, Pa. 

FitzGerald, G. G., Oxnard, Cal. 

Freeman, H. A. (Member), Ampere, 
N. J. 

Freeman, R. M., Waterbury, Conn. 

Friday, E. C., Pittsfield, Mass. 

Froebel, G. H., Houston, Tex. 

Frye, J. L., Bisbee, Ariz. 

Gauthier, W. B. J., Philadelphia, Pa. 

Gibbs, A. A., Detroit, Mich. 

Glaubitz, H. J., (Member) New York, 
N. Y. 

Googins, W., Allentown, Pa. 
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Green, А. J., Paterson, М. ]. 
Greene, J. F., Detroit, Mich. 
Greenwood, L. H., North Troy, N. Y. 
Hadley. J. L., Warren, O. 
Hanover, J. W., Collinsville, Conn. 
Hauck, E., Newark, N. J. 

Healey, F. R., Cincinnati, O. 
Heath, H. G., Pittsburgh, Pa. 
Hobart, C. M., Houston, Tex. 
Hoffman, R. T., Pueblo, Colo. 
Horelick, S., Pittsburgh, Pa. 
House, B. E., Detroit, Mich. 


Howard, В. Е. (Member), Denver, Colo. 


Hughes, G. A., Chicago, Ill. 

Jenks, J. S., Pittsburgh, Pa. 

Jones, A. H. (Member), McComb, Miss. 

Jones, P. C., Akron, O. 

Karn, H. C., Montreal, Que. 

Kelly, D. H., New York, N. Y. 

Kuylenstjerna, A. (Member), Philadel- 
phia, Pa. 

Leisenring, F. S. (Member), New York, 
N. Y. 

Lemp, H. J., Erie. Pa. 

Lessey, S. K., Philadelphia, Pa. 

Lewis, D. M., Avon, N. Y. 

Lovell, W. V., East Pittsburgh, Pa. 

Mashburn, W. E., Nacozari, Mex. 

Matthews, H. D., Schenectady, N. Y. 

McCleery, D. W. (Member), Great 
Falls, Mont. 

McLagan, E. G., St. Louis, Mo. 

Metzenheim, H. H., Ampere, N. J. 

Monahan, H. W., Fort William, Ont. 

Petrowsky, J. F., Ampere, N. J. 

Poesl, C. N., Buffalo, N. Y. 

Ralston, S. A., Rockford, Ill. 

Randall, H. E., Jr., Montreal, Que. 

Reding, J. J., Cedar Rapids, Ia. 

Redmund, F., Chicago, Ill. 

Ross. E. Е., Pittsburgh, Pa. 

Rugg, H. H., Lead, S. D. 

Ryan, J. А., New York, М. Y. 

Sabanieff, A. A., Maynard, Mass. 

Sanford, G. B., Rio Vista, Cal. 

5mith, A., Buenos Aires, Arg. Rep. 

omith, A. H., New York, N. Y. 

Snow, C. J., St. Paul, Minn. 

Snyder, C. E., Pittsburgh, Pa. 

Staehle, P. M., Ft. Wayne, Ind. 

Streuber, К. G., New York, М. Y. 

Strieby, W. J., Philadelphia, Pa. 

Sydow, W., Denver, Colo. 


Taylor, G. R. (Member), Medicine Hat, 


Alta. 
Tolhurst, W. H., Casper, Wyo. 
Treat, R., Schenectady, N. Y. 
Ulrich, A. E., Chicago, Ill. 
Van Alst, J. W., Philadelphia, Pa. 
Van De Water, L., Pittsfield, Mass. 


Van Steenberg,C.F., Pedro Miguel,C. 2. 


Wallace, J. K., Cleveland, O. 
Wilson, G. F., Los Angeles, Cal. 
Wood, H. G., New York, N. Y. 
Wright, B. S., Cedar Rapids, Ia. 
Total 106 
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8913 Church, L., Univ. of Illinois. 
8914 Heckler, L. C., Univ. of Ill. 
8915 Schroeppel, H. H., Univ. of Ill. 
8916 Foster, T. L., Univ. of Penna. 
8917 Powell, R. A., Wentworth Inst. 
8918 Pfeiffer, C. L., Univ. of Ill. 
8919 Hancock, S., Univ. of Ill. 


8920 Burgess, W.B., Worcester Poly.Inst. 
8921 Robinson, R. W., Univ. of Penna. 


8022 Yang, T. S., Univ. of Ill. 


8923 Callahan,G.E.,Highland ParkColl. 


8924 Kondo, J. S., Seattle Engg. Sch. 
8925 Kiso, D., Univ. of Washington. 


8926 Wagner,C.F., Carnegie Inst. Tech. 


8027 Kurz, L. D., Univ. of Wis. 
8928 Azar, T. P., Drexel Institute. 
8929 Serfass, D. L., Penna. State Coll. 
8930 Salsbury,R.J.,Carnegie Inst.Tech. 
8931 Miller, W.C., Carnegie Inst. Tech. 
8932 Gibbon, W. R., Cornell Univ. 
8933 Barr, S. M., Cornell Univ. 
8934 O’Brien, B. P., Yale Univ 
8935 Ward, W. E., Ohio Nor. Univ. 
8936 Ocker, E. J., Casino Tech. Night 
School. 
8937 Berry, H. M., Univ. of Penna. 
8938 Scott, A. Е. H., Univ. of Wis. 
8939 Gray, H. F., Wentworth Inst. 
8940 Gray, C., Penna. State Coll. 
8941 Riddle, D. D.,Colo.School of Mines. 
8942 Tessohn, I. M., Columbia Univ. 
8043 Palmisan, F. F., Pratt Inst. 
8944 Foster, J., Carnegie Inst. Tech. 
8945 Glasgow, R. S., Washington Univ. 
3946 Fattmann,A.A., Washington Univ. 
8947 Edquist, P. E., Univ. of Wash. 
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8948 
8949 
8950 


8951 
8952 
8953 
8954 
8955 
8956 
8957 
8958 
8959 
8960 
8961 
8962 
8963 
8964 
8965 
8966 
8967 


8968 
8969 
8970 
8971 
8972 
8973 
8974 
8975 
8976 
8977 
8978 
8979 
8980 
8981 
8982 
8983 
8984 
8985 


8986 
8987 
8988 


8989 
8990 
8991 
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Shapiro, E., Newark Technical Sch. 
Burk, H. G., Mass., Inst. Tech. 
Behringer, C. К., Utica Free 
Academy. л 
Balch, C. F., Univ. of Wis. 
Young, F. C., Univ. of Wash. 
Piper, P. R., Howard Univ. 
Gartland, H. F., Univ. of Penna. 
Chavannes, A. L., Univ. of Tenn. 
Utley, R. L., Univ. of Cincinnati 
Guihan, W. C., Pratt Inst. 
Finnemore, H. F., Queen's Univ. 
Stelle, J. G., N. Y. Elec. Sch. 
Stout, M. B., Univ. of Pittsburgh. 
Copp, C. R., Univ. of Kansas. 
Huettner, G. R., Univ. of Wash. 
Streiff, A., Ore. Agri. Coll. 
Mejia, J. E., Rensselaer Poly Inst. 
Lipps, W. L., Lafayette Coll. 
Harvey, W. R., Univ. of Mich. 
Hyde, M. W., Univ. of Mich. 


Kilmer, J. J., Univ. of Mich. 
Lean, W. A., Univ. of Mich. 
Marsteller, F. G., Univ. of Mich. 
Porter, W. L., Univ. of Mich. 
Myers, C. F., Univ. of Mich. 
Brodhead, W., Univ. of Mich. 
Fairman, |. F., Univ. of Mich. . 
Featherstone, E.B., Univ. of Mich. 
Hagen, E. F., Univ. of Mich. 
Daubert, H. C., N. Y. Elec. Sch. 
Shaw, H. N., Univ. of Wis. 
Kendall, H. C., Queen’s Univ. 
Andrews, F. P., Stanford Univ. 
Anderson, E. S., Stanford Univ. 
Suydam, C. H., Stanford Univ. 
Storm, H. O., Stanford Univ. 
Bushnell, S. W., Univ. of Wash. 


Grimshawe, J. L., Carnegie Inst. 
Tech. 


Roberts, W.van B., Princeton Univ. 
Pearson,O.E.,Carnegie Inst. Tech. 


Bartholomew, J. H., Wentworth 
Inst. 


Rockett, F. H., Mass. Inst. Tech. 
Neuman, Robert, ] г., Univ. of Colo. 
Farrier, R. A., Wash. State Coll. 
Total 79. 


[May 


OBITUARY 


ТовЕРН P. Davis, electrical engineer, 
formerly chief engineer of the American 
Telephone and Telegraph Company, 
died March 31 at his home 332 Palisade 
Ave., Yonkers, in his eightieth year. 
He was born at Northboro, Mass., and 
was educated at Rensselaer Polytechnic 
Institute. Не served as assistant en- 
gineer of the Brooklyn Water Works 
and as chief engineer of the Brooklyn 
Park Department. Тһе St. Louis 
Water Works and the Lowell (Mass.) 
Water Works also were constructed 
under his supervision. Mr. Davis was 
one of the charter members of the A. I. 
E. E. and a member of many other 
engineering societies. 


PERSONAL 


MR. D. W. BLAKESLEE, assistant 
superintendent of the Penn Electrical 
and Mfg. Co., Irwin, Pa., has received 
his commission of First Lieutenant in 
the Engineer Section of the Officers’ 
Reserve Corps. Mr. Blakeslee has been 
connected with the Westinghouse Elec- 
tric and Mfg. Co., the Duquesne Light 
Co., and was at one time assistant pro- 
fessor of electrical engineering in the 
University of Arkansas. He is a mem- 
ber of the A. I. Е. E., the I. E. S., the 
М. E. L. A., the S. P. E. E., and the 
American Association for the Advance- 
ment of Science. 

Dr. W. Е. M. Goss has been elected 
President of the Railway Car Manu- 
facturers’ Association and entered upon 
the duties as an officer in that associa- 
tion on March 1. Dr. Goss has since 
1907 been Dean of the College of En- 
gineering of the University of Illinois. 
His office will be located temporarily at 
1120 Frick Bldg., Pittsburgh, Pa. 


PROF. ROBERT L. ROCKWELL, head of 
the Department of Electrical Engineer- 
ing of the Seattle Engineering School 
for the past five years, has resigned his 
position and formed a partnership with 
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Mr. Henry R. Stevens. They are now 
conducting a consulting electrical and 
mechanical engineering business at 955 
Empire Bldg., Seattle, under the firm 
name of Stevens and Rockwell, Con- 
sulting Engineers. 


-— 


ACCESSIONS TO LIBRARY 


This list includes books which have been pre- 
sented to the library of the А. I. E. E. and the 
U. E. S. during the past month, not including 
periodicals and other exchanges. 

American Institute of Electrical Engineers. 
Handbook, 1900. (Gift of Chas. L. Clarke.) 

Franco-American Trade. Report to the Ameri- 
can Manufacturers Export Association by the 
American Industrial Commission to France. 
September-October, 1916. (Gift of Ameri- 
can Manufacturers Association.) . 

Kennelly Reprints, vol. 8, 1915-16. (Gift of 
A. E. Kennelly.) 

"Mechanical World" Electrical Pocket Book for 
1917. Manchester, Eng., 1917. (Gift of 
Norman, Remington Co.) 

Motor Bus Relief for New York's Transit needs. 
(Gift of the Fifth Ave. Coach Company.) 

Sul funzionamento dei tubi a vuoto a tre elettrodi 
(audion), usati nella radiotelegratia. Ву С. 
Vallauri. Milano, 1917. (Gift of Istituto 
Elettrotecnico e Radiotelegrafico della R. 
Marina.) 

Western Union Telegraph Company. Annual 
Report 1916. New York, 1917. (Gift of 
Company.) 


UNITED ENGINEERING SOCIETY 


Above the Clouds and Old New York. Ап his- 
torical sketch of the site and a description of 
the many wonders of the Woolworth Build- 
ing. Ву Н. A. Bruce. New York, n.d. 
(Gift of Alice J. Gates.) 

American Institute of Consulting Engineers, Inc. 
List of Members 1915, 1916. New York, 
1915, 1916. (Gift of American Institute of 
Consulting Engineers.) 

California. State Oil and Gas Supervisor. An- 
nual Report Ist (Bulletin No. 73, California 
State Mining Bureau.) 

Chemical and Biological Survey of the Waters of 
Illinois. (Univ. of Illinois. Water Survey 
Series No. 13.) Urbana, 1916. (Gift of 
University of Illinois.) 

Coast Artillery School Annual Report of the 
Commandant, 1916. Fort Monroe, Va. 
1917. (Gift of School.) 

Compulsory Health Insurance, some vital facts 
and considerations in respect to March, 1917. 
By M. W. Alexander. (Gift of author.) 

Congrés de la Houille Blanche. Compte Rendu. 
1902, vols. 1-2; 1914, vols. 1-2. Grenoble, 
1902, 1914. (Gift of Clemens Herschel.) 


Electrical Patents (May-June 1916). (Gift of 
Mitchell and Allen.) 


Hawkins Electrical Guide. Questions, answers 
and illustrations, Nos. 7, 8, 9. New York, 
1914-15. (Gift of Theo. Audel & Company.) 

How a Twenty Million Dollar Railroad was Built 
in Mid-Air. Third Tracking the New York 
“L.” New York, Interborough Rapid Tran- 
sit Co., n.d. (Gift of Theodore P. Shonts.) 

How Does Industrial Valuation Differ from Pub- 
lic Utility Valuation. By John H. Gray. 
(Presented at the Annual Meeting, of Amer. 
Soc. Mechanical Engrs. Dec. 1916). (Gift 
of Clemens Herschel.) 

Moline, Ill. Annual Report of the City Civil 
Engineer. 1915. (Giftof City Council.) 
Mount Vernon, М. У.  Comptroller's Office. 
Annual Report. 21st, 1916. Mount Vernon, 

1916. (Gift of Comptroller's Office.) 

National Advisory Committee for Aeronautics. 
Annual Report. Second, 1916. Washing- 
ton, 1917. (Gift of Committee.) 

New Jersey. Board of Public Utility Commis- 

sioners. Uniform System of Accounts for 

Electric Light, Heat and Power Utilities, 

Trenton, 1914. 

for Gas Utilities. Trenton, 1914. 

—_—for Water Utilities. Trenton, 1912. (Gift of 
Chas. H. Armstrong.) 

New York City. Hall of Records Power Plant. 
Report and Discussion of Physical test and 
costs of operation and maintenance, test 
conducted in 1913, under the auspices of a 
Board of Engineers composed of representa- 
tives of the City of New York, The New 
York Edison Company and the New York 
Bureau of Municipal Research. New York, 
1916. (Gift of Municipal Reference Library.) 

New York State Library. Annual Report 98, 
1915. Albany, 1917. (Gift of University of 
the State of New York.) 

Newark, Ohio, City Auditor. Annual Report of 
the City Auditor of City. 1916. Newark, 
1916. (Gift of Newark Auditing Dept.) 

Niagara Falls, N. Y. City Council. Financial 

Report of the City Clerk, 1916. 

Recommendations of the City Manager, 

1917. (Gift of City Council.) 

Penalties and Liquidated Damages. By W. B. 
King. (Reprinted from Architectural For- 
um, Feb. 1917.) (Gift of King & King.) 


Public Service Properties, 1914, 1915. New 
York, W. S. Barstow & Co., 1914-15. (Gift 
of Chas. H. Armstrong.) 


Skin effect resistance measurements, conductors 
at radio-frequencies up to 100,000 cycles per 
second. By A. E. Kennelly and H. A. Affel. 
(Bulletin No. 13, Massachusetts Institute of 
Technology, Electrical Engineering Dept. 
Dec.1916.) (Gift of Massachusetts Institute 
of Technology.) 


Specifications for Fire Hose and Report Thereon, 
January, 1917. Rochester Bureau of Mu- 
nicipal Research, Inc. Rochester, N. Y. 
(Gift of Jas. W. Routh.) 


Syracuse University. Structure of the common 
woods of New York and the wood collection. 
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(Bulletin of N. Y. State College of Forestry, 

vol. 15, No. 3, March ,1915.) 

Wood using industries of New York. (N. Y. 

State College of Forestry, Ser. XIV, No. 2.) 

—— —The New York State Ranger School on the 
College Forest at Wanakena, N. Y. (Circu- 
lar No. 14, N. Y. State College of Forestry.) 

List of Publications of the N. Y. State Col- 

lege of Forestry. (Circular No. 16). (Gift of 

Syracuse University.) 

The John Fritz Medal. New York, 1917. 
of John Fritz Medal Board.) | 

Two Opposing Railroad Valuations. (Reprinted 
from the Unpopular Review, Jan-March 
1917.) (Gift of Clemens Herschel.) 

Uniform System of Accounts for Electric Rail- 
ways, prescribed by the Interstate Commerce 
Commission in accordance with section 20 
of the Act to Regulate Commerce. Wash- 
ington, 1914. (Gift of Chas. H. Armstrong.) 

University of Illinois. Brief prepared for the 
Governor and the General Assembly of the 
State concerning the work of the College of 
Engineering and the Engineering Experi- 
ment Station and a statement of their needs 
for the two years beginning July 1, 1917. 
Urbana, 1917. (Gift of University.) 


(Gift 
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Vermont Public Service Commission. Biennial 
Report 15th, 1916. Brattleboro, 1916. 
(Gift of Public Service Commission.) 

Volamekum. Handbuch für Luftfahrer. By 
Ansbert Vorreiter and Hans  Boykow. 
Munchen, 1912. (Gift of Leon Cammen.) 

Wichita, Kansas. Financial Statement of City 
for 1911-1916. (Gift of City Council.) 

Wilkes-Barre, Penn. Superintendent of Depart- 

ment of Accounts & Finance. Annua! Re- 

port. 2d, 1915. 

Proceedings of the 17th Annual Convention 

of the League of Cities of the Third Class in 

Pennsylvania held at Johnstown, Aug. 29-31, 


1916. (Gift of Wilkes-Barre City Clerk). 
Wilmington, Del. Water Commissioner. Annual 
Report. 46th, 1914-15. 


——Chief of Police. 
Park Commissioners. 
1915. 

——Street & Sewer Department. Annual State- 
ment of the Board of Directors. 1916. (Gift 
of Water Commissioners.) 

Wilmington, N. C. Report of Audit for year 
ending May 31, 1916. Wilmington, N. C. 
1916. (Gift of City Council.) 


Report 1916. 
Report of the Board, 


EMPLOYMENT BULLETIN 


Vacancies.—The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN. 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 
not later than the 20th of the month if publication in the following issue is de- 
sired. Allreplies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 


У-208. Young technical men are 
wanted by large operating company 
near New York City for field and draft- 
ing work relative to engineering records 
and circuit designs. Give experience 
and qualifications. 


V-216. Good opportunity for young 
technical graduate with some selling 
experience, for sales position with 
company manufacturing specialized ap- 
paratus, located in Greater New York. 
Please give full details regarding ex- 
perience, and salary desired. 

V-233. Wanted: Recent engineering 
graduate to take up economy studies in 
pole line and cable plant construction. 


Man having some experience in esti- 
mating the cost of such construction 
given preference. State experience and 
salary desired. 


V-234. Corporation manufacturing 
electrical machinery, generators, regu- 
lators, etc., requires immediately the 
services of an assistant purchasing 
agent. Several years' previous exper- 
іепсе іп this work necessary. Іп reply, 
state age, salary expected, whether mar- 
ried, present occupation, etc. This isa 


real opportunity for the right man. 


V-235. Large chemical manufactur- 
ing company requires the services of 
several draftsmen experienced in the 
design of chemical plants or machinery. 
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Salaries $30 to $50 per week, depending 
upon experience and ability. Please 
give full particulars. 


V-238. Old established, rapidly 
growing concern, can find room for few 
colege graduates with at least one 
year's experience in transformer testing 
or design. Those who prove their 
value and outgrow the initial position 
will be rapidly promoted. This is a 
real opportunity and to be considered 
applicants should state details of past 
experience and salary wanted in first 
letter. Location near Boston. 


V-239. Assistant to chief engineer, 
as an understudy, wanted by Eastern 
corporation manufacturing machinery 
involving application of a transformer. 
Applicants must be well versed in 
design of standard machine tools like 
miling machines, shapers, etc.; should 
also have a fair knowledge of trans- 
former design. An unusual oppor- 
tunity is offered to the right man to 
connect with a progressive concern. We 
are wiling to pay $2500 to $3000 for 
the right man, but will not accept 
ambition in place of experience. State 
full past experience in first letter to 
receive consideration. 


V-240. Wanted: Graduate engineer 
with experience in power house and 
substation design and construction. 
Position in engineering office in city on 
the Atlantic Coast. State full particu- 
lars of education and experience, and 
salary expected. 


MEN AVAILABLE 
734. Engineer, age 33, married. 
Graduate B.M. and E.E. Two years 
operating, two and a half years G.E. 
test, four years charge construction 
work, installing steam turbines, gener- 
ators, motors and switchboards. Ет- 
ploved; reason for change desires 
permanent location with chance for 

advancement. Salary $1800. 


_ 735. Teacher of Electrical Engineer- 
ing, with degree of E.E. and M.E.E., 
three years' college teaching experience 
and some practical experience. Has 
taught both a-c. and d-c. theory and lab- 
oratory, telephony, and short courses; 
some corporation school experience. 
Age 34, single. Desires position in New 
England or Southern college. Salary 
moderate if other conditions are satis- 
factory. Available September 1. 


736. Relay and Meter Expert. 
Eight years’ practise. Capable of 
calculating short-circuit values and relay 
settings; familiar with oscillograph 
work and various kinds of power house 


and substation testings. Wishes posi- 
tion in testing department; willing to 
take charge of relay and meter work. 
No travelling. Married. Technical 
education. | 


187. Electrical technical graduate, 
with nine years' practical experience in 
electrical power generation, distribution, 
construction, operation and design. At 
present in charge of industrial plant. 
Desires chance for advancement. Salary 
$1800. 


738. You are searching for ex- 
perienced technical men with business 
and executive abilities. I have these 
qualifications; amalsotechnicalgraduate 
with ten years' experience both as an 
engineer and operating manager of 
public utility business, particularly 
electric light and power properties, 
steam and hydraulic driven. Some gas 
and water experience. Let me write 
you further. 


739. Assoc. А. I. E. E., age 24, 
technical education; four years' prac- 
tical experience, mostly power plant and 
substation installations, storage bat- 
teries, experimental work on electric 
furnaces, operating a-c. and d-c. Diesel 
engine plant, etc. Desires position 
with mining or power company. Prefers 
West but wil go anywhere. Some 
slight knowledge of Spanish. 


740. Electrical Engineer with degree 
from college of recognized standing 
wishes to locate with small manufac- 
turing or sales company in the capacitv 
of construction or sales engineer. Has 
had considerable practical experience 
with power installations. Was em- 
ployed in the engineering departments 
of large public utility company. Age 
25; single, will go anywhere in the 
States. 


441. Brazilian Electrical Engineer, 
expert translator, experienced Portu- 
guese correspondent, speaking also 
English, French, Italian and Spanish, 
rapid tvpist, export and import ex- 
perience, desires position. Manufactur- 
ing concern interested in South Ameri- 
can trade preferred. Willing to travel. 
First-class connections in Brazil. 


742. (Graduate Electrical Engincer, 
age 25, with post-graduate work in 
large Eastern University, available 
July 1. Two years’ teaching and re- 
search in high-voltage engineering. 
Desires position as assistant engineer 
with central station or manufacturing 
concern where promotion comes by 
ability and hard work. Strictly tem- 
perate. 
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748. Instructor in Electrical Engi- 
neering. Degree of B.S. with thesis 
well under way for Е.Е. Three years 
of practical experience and two years in 
teaching. Present engagement three 
hours theory and five hours laboratory 
and shop. Desires broader оррог- 
tunity after July. 


744. Electrical Engineer, technical 
education and fifteen years' experience 
in responsible charge electrical depart- 
ments large industrial, mining апа 
smelting plants. Accustomed to hand- 
ling men successfully as well as engineer- 
ing problems both operating and con- 
struction. Mem. A. I. E. E. 


745. Superintendent, ten years in 
the central field, desires change. Tech- 
nical graduate, followed up by shop 
experience. At present and for the 
past six years at the head of central 
station, more than doubling its income in 
that time. Has had experience in all 
branches of the work, including high- 
tension transmission and industrial 
power applications. 


746. Associate; American; thirty; 
temperate. Recently in charge power 
department large mining company oper- 
ating private hydroelectric plant, high- 
tension transmission and distribution, 
haulage, etc., where continuity of ser- 
vice was a requisite. Reason for leav- 
ing, no future. Available immediately; 
New York interview; speak Spanish; 
go anywhere. Least salary $2400. 


747. Electrical Engineer, technical 
graduate, seven years with the General 
Electric Co., testing department, instru- 
ment laboratory, transformer design, 
and three years as construction fore- 
man in the United States, Canada, and 
Cuba; will be available June 15. 


748. Engineer, age 35, married, 
Mem. A. I. E. E., Assoc. Mem. A. S. M. 
E., sixteen years' experience in design, 
manufacture and application of small 
and moderate size a-c. and d-c. motors 
and generators, desires position as de- 
signer or factory superintendent. At 
present employed. Available June 1. 


749. | Electromechanical Engineer, 
graduate, age 31, married; nine years' 
varied experience in testing, drafting 
and design of a-c. and d-c. machinery 
for industrial work; designer of signal- 
izing apparatus for submarines; has held 
position of chief draftsman with wire- 
less telegraph company; perfectly fami- 
liar with advanced theory of electrical 
engineering, physics and mathematics. 
Speaks five languages. 


750. Graduate Electrical Engineer, 
thoroughly experienced in industrial 
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power applications and the planning, 
construction and operation of indus- 


. trial power systems, desires position as 


chief electrician of large industrial 
concern or as industrial power engineer 
with central station company. Now 
employed with big steel company. 
Twelve years’ experience. Highly 
recommended. 


751. "Technical graduate, with execu- 
tive ability and five years' practical 
experience in the design, construction, 
and operation of electric power stations, 
transmission systems and distribution 
systems; desires position as manager of 
electric light company. Has made 
good in present work and desires some- 
thing larger. Age 32; married; in good 


health. Available on thirty days’ 
notice, 
752. Electrical Engineer, interested 


in industrial research and development 
work along electrical engineering, elec- 
trophysical or electrochemical lines. 
M. S. E. E. and A. B.; nearly four years’ 
experience and in charge of research. 
Will be glad to submit full particulars 
as to character and ability, and will 
only undertake, as in the past, work 
which he is confident to bring to success- 
ful issue. 


753. Assoc. А. I. E. E., technical 
education, experience motor repair and 
appliances. At present engaged іп 
maintaining electrical plant. Desires 
to make change for concern that 1$ con- 
structing or maintaining electrical plant 
іп U. S. with a future in view. Age 22. 
Salary $25.00. 


754. Electrical Engineer, 33, mar- 
ried, desires position as manager of 
electrical repair company, testing engi- 
neer in manufacturing company, or as 
electrical assistant to operating engineer 
in а large power company. Have 
fifteen years’ experience. Illinois pre- 
ferred. Salary $1800. 


755. Responsible position, with cen- 
tral station or industrial plant, wanted 
by graduate engineer familiar with the 
operation, maintenance and installation 
of modern power plant and substation 
machinery, the erection and mainte- 
nance of transmission lines, the opera- 
tion of refrigeration machinery, etc. 
Ten years’ experience. At present em- 
ployed. 


756. Electrical Engineer, technical 
graduate (1913), and graduate physicist 
(1908), with G.E. test floor experience, 
now employed in teaching physics and 
electrical engineering at $1700; desires 
position in commercial work where 
laboratory and technical training would 


1917) 


be of value. Would accept some re- 
duction in salary if prospects are good. 


157. Electrical Engineer, with ten 
vears general engineering experience, 
followed by fifteen years’ work construc- 
поп, operation and maintenance of 
hydroelectric plants. At present super- 
intendent of large hydroelectric station 
"in the East; will consider change if good 
business inducements are given. Mini- 
mum salary considered East or South, 
; middle West or Pacific Coast, 


т 


о 


158. Do you desire the services of a 
man who has had an experience of 
twenty-four years in the construction 
and operation of electric railway and 
lighting properties, especially the for- 
mer? Have specialized. in power and 
substation work. Will go anywhere. 
Available after May 15. 


_ 759. Electrical Engineer, twelve 
years experience, three in Europe and 
nine years for American firm, desires to 
е representative for Italy for American 
electrical concern. English, French, 


German, Italian and i : 
guages well known. and Spanish lan 
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760. Electrical and Mechanical En- 
gineer, 31, technical graduate; at present 
works engineer in one of the largest 
manufacturing plants in the country. 
Have had considerable practical shop 
experience. Would accept position as 
superintendent or works engineer. Sal- 
ary expected— $3000 per year. Married. 


761. Electrical Engineer, Russian, 
age 30. Seven years’ experience selling, 
operating, developing, testing and in- 
stalling all kinds of electrical machinery 
Speaks Russian, German, French and 
English. Wishes position with American 
firm desirous of developing trade with 
Russia, in which country he has ex- 
cellent connections. 


762. Young Electrical Engineer of 
India, graduate of an American uni- 
versity, with eight years' experience in 
America, England and India, in the 
operation and testing of central station 
machinery, desires position with some 
hydroelectric or manufacturing com- 
pany in any capacity, preferably in 
testing work. Author of a laboratory 
book. Mem. A. I. E. E. ` 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 
(Term expires July 31, 1917) 


H. W. BUCK 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1917) (Term expires July 31, 1918) 
PAUL M. LINCOLN JOHN J. CARTY 
VICE-PRESIDENTS. 

(Term expires July 31, 1917) (Term expires July 31, 1918) 

C. A. ADAMS B. A. BEHREND 

J. FRANKLIN STEVENS P. JUNKERSFELD 

WILLIAM McCLELLAN L. T. ROBINSON 

MANAGERS. 

(Term expires July 31, 1917) (Term expires July 31, 1918) 

FREDERICK BEDELL | | Е. B. JEWETT 

BANCROFT GHERARDI JOHN B. TAYLOR 

A. S. McALLISTER HAROLD PENDER 

JOHN H. FINNEY 

(Term expires July 31, 1919) (Term expires July 31, 1920) 

C. E. SKINNER CHARLES S. RUFFNER 

JOHN B. FISKEN CHARLES ROBBINS 

N. A. CARLE 

TREASURER (Term expires July 31, 1917) SECRETARY. 

GEORGE A. HAMILTON F. L. HUTCHINSON 

HONORARY SECRETARY. | LIBRARIAN. 

RALPH W. POPE W. P. CUTTER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.— 1884-1916. 


*NORVIN GREEN, 1884-5-6. CHARLES F. SCOTT, 1902-3. 
*FRANKLIN L. POPE, 1886-7. BION J. ARNOLD, 1903-4 

T. COMMERFORD MARTIN, 1887-8 JOHN W. LIEB, 1904-5 
EDWARD WESTON, 1888-9. SCHUYLER SKAATS WHEELER, 1905-6 
ELIHU THOMPSON, 1889-90 SAMUEL SHELDON, 1906-7 
*WILLIAM A. ANTHONY, 1890-91. *HENRY G. STOTT, 1907-8. 
ALEXANDER GRAHAM BELL, 1891-92 LOUIS A. FERGUSON, 1908-09. 
FRANK JULIAN SPRAGUE, 1892-3. LEWIS B. STILLWELL, 1909-10 
*EDWIN J. HOUSTON, 1893-4-5. DUGALD C. JACKSON, 1910-11. 
*LOUIS DUNCAN, 1895-6-7. GANO DUNN, 1911-12. 
FRANCIS BACON CROCKER, 1897-8. RALPH D. MERSHON, 1912-13. 
A. E. KENNELLY, 1898-1900. C. О. MAILLOUX, 1913-14. 
CARL HERING, 1900-1. PAUL M. LINCOLN, 1914-15. 
CHARLES P. STEINMETZ, 1901-02 JOHN J. CARTY, 1915-16. 


*Deceased. 
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INSTITUTE COMMITTEES. 


Revised to May 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
H. W. Buck, Chairman, 
. 49 Wall Street, New York. 
N. А. Carle, George A. Hamilton, 
youn H. Finney, William McClellan, 
ancroft Gherardi, J. Franklin Stevens. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1326 Chestnut Street, Philadelphia, Pa. 
N. А. Carle, Bancroft Gherardi. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman, 

General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, W. E. and M. Co. East 


Pittsburgh, Pa. 
Frederick edell, F. W. Peek, Jr. 
Philander Betts, F. L. Rhodes, 
H. H. Clark, D. W. Roper, 

. G. De Remer, Harris J. Ryan, 

. А. Hornor, T. H. Schoepf 
Bdward P. Hyde, Charles P. Е. 

. Imlay, N. W. Storer, 


E. H. Martindale, Wilfred Sykes. 


EDITING COMMITTEE. 
W. I. Slichter, Chairman, 
olumbia University, New York. 
Frederick Bedell, L. T. Robinson, 
M. G. Lloyd, C. E. Skinner. 


CODE COMMITTEE. 
Farley Osgood, Chairman, 
763 Broad. Street, Newark, N. J. 


J. C. Forsyth, H. R. Sargent, 

H. B. Gear, 7 A. Sawin, 

A. H. Griswold, M. Schoen, 

H. O. Lacount, ee F. Sever, 

Johnston Livingston, С. E. Skinner, 
enry N. Muller H. S. Warren. 


BOARD OF EXAMINERS. 
‚5. rrr Chairman, 
261 W. 23rd Street, New York. 
. B. Katte, W. I. Slichter, 
. L. Rhodes, Philip Torchio. 


SECTIONS COMMITTEE. 
W. A. Hall, Chairman, 
Jeneral Electric Company, West Lynn, Mass. 


e Remer, M. Schoen, 
P. aul M. Lincoln, . H. Tracy, 
and the chairmen o ‘all їзнэ: Sections, 
ex-officio. 


MEMBERSHIP COMMITTEE. 

Harold Goodwin, 1т., Chairman, 

1000 Chestnut. treet, Philadelphia, Pa. 
G. M. Baker, W. G. Chace, 

H. W. Flashman, 

E. H. Martindale. 
and the chairmen of the Membership Committees 
of all Sections. 


PUBLIC POLICY COMMITTEE. 
Calvert Townley, Chairman, 


165 Broadway, New York. 
E. A. Carolan, A. M. Hunt, 
ohn J. Carty, William McClellan, 
redk. Darlington, H. H. Porter, 
Gano Dunn, C. S. Ruffner, 
John B. Fisken, A. M. Schoen, 


L. B. Stillwell, 


COMMITTEE ON DEVELOPMENT OF 
WATER POWER 
John H. Finney, Chairman, 
a ТОРО Bank Building, Washing- 


D. 
Р.О. Blackwell, Nicholas S. Hill, Jr., 


rancis Blossom, E. A. Lof, 
Gane Dunn, W.V.N. Powelson, 
L. B. Stillwell. 


STANDARDS COMMITTEE. 


C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary, 
University of Pennsylvania, Philadelphia, Pa. 


P. G. Agnew, H. M. Hobart, 
Frederick Bedell, H. D. James, 
Joseph Bijur, P. Junkersfeld, 

L. F. Blume, A. E. Kennelly, 
James Burke, G. L. Knight, 

С. А. Burnham, А. S. McAllister, 
№. А. Carle, W. М. McConahey, 
E. J. Cheney, W. L. Merrill, 

H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 

W. А. Del Mar, C. E. Skinner, 

E. J. Edwards, A. J. Slade, 

H. W. Fisher, N. W. Storer, 
W. S. Gorsuch, R. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 

C. O. Mailloux, President, 
3 Nassau Street, New York. 
F. B. Crocker, Vice-President, 


A. E. Kennelly, Secretary, 
д атмаз University, Cambridge, Mass. 


2) . Adams, M. I. Pupin, 
A Behrend, E. B. Rosa, 
Eo Bell, Charles F. Scott, 


Clayton H. Sharp, 
Samuel Sheldon, 
C. E. Skinner, 


James Burke, 
John J. Carty, 
Gano Dunn, 


H. M. Hobart, Charles P. Steinmetz, 
gona W. Lieb, Elihu Thomson, 
B. Owens, Philip Torchio. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, Charles A. Terry, 
John F. Kelly, B. F. Wood, 


EDISON MEDAL COMMITTEE. 


Appointed by the President for terms of five years. 


Term expires July 31, 1917. 
A. E. Kennelly, Е Robert T. Lozier, 


G. McMeen. 
Term expires July 31, 1918. 
H. W. Buck, . А. Scheffler, 


J. Franklin Stevens. 


Term expires July З 31, 1919. 
Charles F. Brush, W. Storer, 
C. C. Chesney. 


Term expires July 31, 1920. 
Carl Hering, Harris j. Ryan. 


Term expires July 31, 1921. 
W. C. L. Eglin, Bancroft Gherardi, 
E. W. Rice, Jr. 


Elected by the Board of Directors from its own 
membership for terms of two years. 


Term expires July 31, 1917. 
B. A. Behrend, aul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 
C. A. Adams, Harold Pender, 
C. E. Skinner. 


Ex-Officio. 
H. W. Buck, President, 


George A. Hamilton, Treasurer, 
F. L. Hutchinson, Secretary. 
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TECHNICAL COMMITTEES. 
Revised to May 1, 1917. 


POWER STATIONS. 


J. G. De Remer, Chairman, 

55 Liberty Street, New York. 
J. M. Drabelle, S. A. Moss, 
C. C. Egbert, R. J. S. Pigott, 
W. S. Gorsuch, Cecil Poole, 
John Harisberger, E. F. Scattergood, 
A. H. Kruesi, В. А. Scheffler, 
Paul M. Lincoln, W. R. Thompson, 
Wynn Meredith, Philip Torchio, 
E. Moultrop, H. L. Wallau, 

B. F. Wood. 


=ч 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 

Niagara Falls Power Co., Niagara Falls, N. Y. 

H. А, Вагге, Р. . Lincoln, 

M. T. Crawford, W.E. Mitchell, 

E. E. TF. Creighton, G. J. Newton, 

H. H. Dewey, L. Nicholson, 

P. M. Downing, W. D. Peaslee, 

H. W. Fisher, Stefaan Piek, 

Е. А. Gaby, С. 5. Ruffner, 

W. T. Goddard, H. J. Ryan, 

О. А. Havill, В. D. Sampson, 

R. F. Hayward, H. E. Shedd, 

J. P. Jollyman үй C. Smith, 
H. Thomas. 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman. 
Westinghouse 


Harry Adams, Т. Kearny, 
A. H. Babcock, William McClellan, 
Reinier Beeuwkes, ор Murphy, 
E. J. Blair, . B. Potter, 
L. P. Crecelius, E. D. Priest, 

.V. Duer, Charles H. Quinn, 
George Gibbs, Clarence Renshaw, 
W. Harvie, A. S. Richey, 


Charles F. Scott, 
John B. Taylor, 
H. S. Warren. 


Hugh Hazelton, 
Katte, 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Co., Cleveland, Ohio. 


H. W. Cope, G. A. Johnstone, 

J. Н. Davis, C. A. Kelsey, 

James Dixon, C. L. Kennedy, 

A. M. Dudley, Charles D. Knight, 

Herbert D. Dwight, A. H. Lawton, 

Е. W. Ells, A. M. MacCutcheon, 
. E. Fries, A. G. Pierce, 
. R. Fishback, James M. Smith, 

R. H. Goodwillie, H. Weichsel, 

А. L. Hadley, J. B. Wiard, 


. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
хэв Park, Cleveland, O. 
. Chamberlin, Richard C. Powell, 


C. E Clewell, E. B. Rosa, 

J: R. Cravath, W. ГГА. Ryan, 

Т. 6. Perkins, Clayton H. Sharp, 
W. M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE. 


Philander Betts, Chairman, 

790 Broad Street, Newark, N. J. 
Harold Almert, A. Kruesi, 
W. H. Blood, Jr. William McClellan, 
Fred A. Bryan, 


C. L. Cory, Allard Smith, 
Harry С lifford Eddy, W. G. Vincent, 
W. B. Jackson, George W. Wittemore, 


Clifton. W. Wilder 


E. & M. боо East Pittsburgh, Pa. 


Norman C. McPherson, 


PROTECTIVE DEVICES. 
D. W. Roper, Chairman, 
72 W. Adams St., Chicago, Ill . 


L. L. Elden, А. А. Meyer, 
С. Faccioli, L. C. Nicholson, 
V. E. Goodwin, N. L. Pollard, 
E. M. Hewlett, 5. D. Sprong, 
Paul M. Lincoln, Philip Torchio, 


H. R. Woodrow. 
ELECTROCHEMISTRY AND ELECTRO- 
METALLURGY. 
T. H. Schoepf, Chairman, 
W. E. and M. Co., East Pittsburgh, Pa. 
Wesley J. Beck, F. G. Liljenroth, 


F. A. J. Fitzgerald, Eugene F. Roeber, 
A. F. Ganz, Seede, 
F. A. Lidbury, . Tencher. 
ELECTROPHYSICS. 

F. W. Peek, Jr., Chairman, 

General Électric Company, Pittsfield, Mass. 
Frederick Bedell, E. B. Rosa, 
A. C. Crehore, Harris J. Ryan, 
G. Faccioli, Clayton H. Sharp, 
C. L. Fortescue, C. P. Steinmetz, 
W. S. Franklin, P. H. Thomas, 
A. E. Kennelly, J. B. Whitehead. 


TELEGRAPHY AND TELEPHONY. 


F. L. Rhodes, Chairman, E 

195 Broadway, New York. 
E. F. W. Alexanderson, Kempster B. Miller, 
R. E. Chetwood, . Mouradian, 
M. M. Davis, W. О. Pennell, 
C. L. Fortescue, Allard Smith, 
H. M. Friendly, John S. Stone, 
F. B. Jewett, John B. Taylor, 
S. M. Kintner, Е Wayne, 3rd. 
Wm. Maver, Jr., G. M. Yorke, 

MARINE. 

H. A. Hornor, Chairman, 


Hamilton Court, 39th & Chestnut Sts., Phila- 
delphia, Pa. 
D. M. Mahood, Secretary, 
Sperry Gyroscope Company, 
Manhattan Bridge Plaza, Brooklyn, М.Ү. 


R. B. Chillas, Jr., Guy НШ, 

M. W. Day, O. P. Loomis, 

G. E. Edgar, G. А. Pierce, Jr., 

W. L. В. Emmet, H. M. Southgate, 

W. R. Furlong, E. A. Sperry, 

H. L. Hibbard, Wilfred Sykes, 
F. W. Wood. 


COMMITTEE ON USE OF ELECTRICITY 
IN MINES 


H. H. Clark, Chairman, 
U. S. Bureau of Mines, 
40th & Butler Streets, Pittsburgh, Pa. 
Frank E. Alexander, L. C. Isley, 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, Charles Legrand, 
ын А. Chandler, Charles M. Means, 
F. J. Duffy, К.А. Pauly, 
H. M. Warren. 


IRON AND STEEL INDUSTRY. 
Wilfred Sykes, Chairman, 
Box 242, East Liberty, Pa. 


5. С. Соеу, А. С. Pierce, 

Е. B. Crosby, . C. Reed, 

E. Friedlaender, . Tencher, 

E. S. Jeffries, : Brent Wiley, 

D. M. Petty, R. B. Williamson 
J. H. Wilson. 


EDUCATIONAL COMMITTEE. 
W. I. Slichter, Chairman. 

Columbia Univ 'ersity, New York. 
Alexander Gray, William McClellan, 
E. J. Henkhe, Chester W. Rice, 
E. A, Loew, C. E. Skinner 

R. D. Thomson, 
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SPECIAL COMMITTEES. 
Revised to May 1, 1917. 


REORGANIZATION OF TECHNICAL COM- 
MITTEES. 


L T. Robinson, Chairman, 
General Electric Company Schenectady N k: 


F. L. Hutchinson, . Norris, 
А. S. McAllister, J. Franklin Stevens, 
N. W. Storer. 


COMMITTEE ON STUDENT BRANCHES. 


C. W. Green, Chairman, 
Massachusetts Institute of Technology, Boston, 
Mass. 


Aiexander Gray, E. А. Loew, 
с. Francis Harding, W. S. Rodman, 
C. F. Scott. 


COMMITTEE ON NATIONAL DEFENSE 


John H. Finney, Chairman, 
509 Metropolitan Bank Building, Wash- 
ington, D. C. 


F. C. Bates, Secretary, 
30 Church Street, New York, 


B. J. Arnold, D. C. Jackson, 
A. H. Babcock, John W. Lieb, 
Philander Betts, P. M. Lincoln, 
H. W. Buck, Ralph D. Mershon, 
J. H. Cuntz, A. M. Schoen, 
J.J. Carty J. Franklin Stevens. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 


A. H. Babcock, 
Gano Dunn, 


John F. Kelly, 
1 А. S. McAllister, 
Schuyler Skaats Wheeler. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 
Карп D. Mershon, Paul M. Lincoln, 
©. Ө. Mailloux, John J. Carty. 
ON BOARD OF TRUSTEES, UNITED 
| ENGINEERING SOCIETY. 
Gano Dunn, Samuel Sheldon, 
Calvert Townley. 
ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 
Harold Pender, Edward D. Adams, 
W. 1. Shchter, Samuel Sheldon, 
F. L. Hutchinson. 
ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION, 
The chairman of the Institute's Code Committee. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 
Edward Caldwell. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 
W. S. Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 
Calvert Townley, William McClellan, 
John J. Carty. 
ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 
Charles Р. Scott, Samuel Sheldon. 
ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 
Parley Osgood, F. B. H. Paine, 
Percy H. Thomas. 


AMERICAN COMMITTEE ON] 


ELECTROLYSIS. 
Bion J. Arnold, F. N. Waterman, 
aul Winsor. 


ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL. 
Р. B. Jewett, Clayton H. Sharp. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. 

A. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 
ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 
F. B. Jewett. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 
Benjamin С. Lamme, Frank J. Sprague. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
Gano Dunn, William McClellan, 


john H. Finney, Charles W. Stone. 
Calvert Townley. 


ON JOINT COMMITTEE ON METRIC 
SYSTEM. 
A. E. Kennelly, 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, №. А. Carle, 
P. Junkersfeld. 


LOCAL HONORARY SECRETARIES. 

Guido Semenza, N. 10 Via S. Radegonda, мар, 
taly. 
Robert Julian Scott, Christchurch, New Zealand, 
T. P. Strickland, N. S. W. Government Railways, 
Sydney, N. S. W. 
W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 

L. A. Herdt, McGill Univ., Montreal, Que. 

Henry Graftio, Petrograd, Russia. 

Richard O. Heinrich, Genest-str. 5, Schoeneberg, 
Berlin, Germany. 
A. S. Garfield, 45 Boulevard Beausejour Paris, 
16 E., France. 
Harry Parker Gibbs, Tata Hydroelectric Power 
. Supply Co., Ltd., Bombay, India. 
John W. Kirkland, Johannesburg, South Africa. 


ENGINEERING COMMITTEE OF THE 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE 

H. W. Buck, C. A. Adams. 


а Ге. ~~. 5 ль 
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LIST OF SECTIONS 


Revised to May 1, 1917. 


Name and when Organized Chairman Secretary 
Atlanta............... Jan. 19, '04 | A. M. Schoen H.E.Bussey,3d Nat. Bk. Bldg.Atlanta,Ga. 
Baltimore............. ec. 16, '04 | J. B. Whitehead L.M.Potts,Industrial ues Baltimore, ма. 
Boston................Feb. 13, '03 | Geo. А. Burnham | Ira М. Cushing,84 State St.,Boston, Mass. 
(MIT D 1893 | Taliaferro Milton | W. J. сорот 111 W. Monroe St., 

| Chicago, Il 
Cleveland............. Sept. 27, '07 | E. W. P. Smith Bruce . David, Lincoln Electric Co., 
Cleveland, Ohio. 
Denver............... May 18, '15 | H. S. Sands Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 
Detroit-Ann Arbor..... Jan. 13, '11 | A. A. Meyer A. MEIN 433 West Forest Ауе., Detroit, 
ich. 
Fort Wayne........... Aug. 14, '08 | J. J. Kline В. B. Roberts, С. E. Co., Fort Wayne, Ind. 
Indianapolis. Lafayette. ‚]ап. 12, '12 | J. L. Wayne, 3rd | C. шог Сога, core n Central Union Tel. Co. 
ndianapolis, 
НВаса................ Oct. 15, '02 | F. Bedell William Bene Franklin Hall, Cornell 
Univ., Ithaca, N. Y. 
Kansas City, Mo.......Apr. 14, '16 | A. A. Thompson Sin О. Brown, 5519 Tracy Ave., Kansas 
ну, 
Los Angeles........... May 19, '08 | R. H. Manahan Carl E Топой. 459 East Third Street, 
Los Angeles, Cal. 
БУВ o aos E Aug. 22, '11 | Gordon Campbell | M. B. Carroll, С. E. Co., West Lynn, Mass 
adison.............. Јат 8, 400 | В. A. Kartak L. E. А. Kelso, University of Wisconsin, 
Мехісо............... ес. 13, "07 Madison, Wis. 
Milwaukee............Feb. 11, 10 | Е. W. Ells H. P. Reed, Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
Minnesota. ........... Apr. 7. 02 | В. J. S. Carter Vernon S. Beck, Beck Elec. Const. Co., 
Minneapolis, Minn. 
Panama.. ......- Oct. 10, '13 | Earl J. Atkisson с n Markham, Balboa Heights, C. Z. 
Philadelphia.. .... Feb. 18, '03 | H. P. Liversidge F. James, lth Floor, Widener Bldg., 
мыш пен. 1 Ра. 
Pittsburgh............ Oct. 13, '02 | G. C. Hecker F. E. Wynne, W. E. and M. Company, 
2 East Pittsburgh, Pa. 
Pittsfield..............Mar. 25, 04 | V. E. Goodwin E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 
Portland, Ore.......... May 18, '09 | L. T. Merwin J.C. Martin, 1220 Spalding Bldg., Port- 
land, Oregon. 
Rochester.............Oct. 9, '14 | O. W. Bodler J.W. Morrison, Rochester Telephone Co., 
Rochester N. Y. 
St. Louis............. Jan. 14, 703 | A.McR. Harrelson| H. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo. 
San Егапсівсо......... Dec. 23, '04 | J. E. Woodbridge | А. С. Jones, 811 Rialto Building, San 
Francisco, Cal. 
Schenectady...........Jan. 26, '03 | С. E. Eveleth H.L. Andrews, General Electric Company 
Schenectady, N. Y. 
Seattle................ Jan. 19, '04 | C. E. Magnusson | C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Spokane......... eA s Feb. 14, '13 | D. F. Henderson | C. M. Fisher, Washington Water Power 
Company, Spokane, Wash. 
То]едо................ June 3,'07 | W. E. Richards Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, Ohio. 
Toronto............... Sept. 30, '03 | E. T. J. Brandon | Wills Maclachlan, 910 Excelsior Life 
Бк Toronto, Ont. 
Urbana............... Nov. 25, '02 | I. W. Fisk L. V. James, Univ. of Illinois, Urbana, Ill. 
Vancouver............ Aug. 22, '11 | R. F. Hayward Т.Н. Crosby, Canadian Westinghouse Co., 


Vancouver, B. 
Washington, D. C......Apr. 9, '03 | Arthur Dunlop Louis G. Freeman, U. S. Geological Sur- 
vey, Washington, D. C. 


Total 33 
v LIST OF BRANCHES 
Name and when Organized Chairman Secretary 


Agricultural and Mech. | 
College of Техав..... Nov. 12, '09 | M.M.Bridgewater| L. E. Tighe, College Station, Tex. 


Alabama Poly. Inst..... Nov. 10, '16 | W. W. Hill L. I. Davis, Auburn, Ala. 

Alabama, Univ. of...... Dec. 11, '14 | Gustav Wittig А. F. Frazer, University, Ala. 

Arkansas, Univ. of..... Маг. 25, 04 | А. L. Wilson W. L. Teague, University of Arkansas, 
Fayetteville, Ark. 

Armour Institute....... Feb. 26, '04 | Ralph H. Earle Harold А. Kleinman, 7743 Burnham 


Avenue, Chicago, Ill. | 
Brooklyn Poly. Inst.....Jan. 14, 16 | Paul С. Wehle Robert Davie, The Polytechnic Insti. 
tute, Brooklyn, N. Y. 
Bucknell University....May 17, '10 | A. W. Hatfield C. C. Gillette, Phi Gamma Delta E e 
Bucknell University, Lewisburg, Pa. 
California, Univ. of..... Feb. 9, '12 | Bradley B. Brown| H. F. Fielder, University of California, 
Berkeley, Cal. 
Carnegie Inst. of Тесһ.. Мау 18, 15 | E. С. Peterson B. C. Dennison, Carnegie School of Tech- 
nology, Pittsburgh, Pa. 


Cincinnati, Univ. of..... Apr. 10, '08 | R. L. Utley H. V. McCormick, 3110 Woodburn Ауе., 
Cincinnati, Ohio. 
Clarkson Col. of Tech...Dec. 10, '15 | H. H. Plank Philip R. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 
Clemson Agricultural Col.Nov. 8, '12 | D. H. Banks W. H. Neil, Clemson College, $. C. 
Colorado State Agricul- 
tural College........ Feb. 11, '10 | H. W. McKinley | F. G. Stiers, Colorado State Agricultural 


College, Fort Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name and when Organized 


Colorado, Univ. of..... 


Dec 
Georgia School of Tech- 
nology.............. June 
Highland Park College. Oct. 
Idaho, Univ. of........ June 
Iowa State College....Apr. 
Iowa, Univ. of......... ay 
Kansas State Agr. Col.. Jan. 
Kansas, Univ. of....:.Mar 
Kentucky, State Univ. ofOct. 
Lafayette College...... Apr. 
Lehigh University......Oct. 
Lewis Institute........ Nov 
Maine, Univ. of....... Dec 
Massachpaetts Inst. of 
Тее e eor Apr 
Mickionn, Univ. of..... Mar 
Minnesota, Univ. of...May 
Missouri Univ. of...... Jan. 
Montana State Col.....May 
Nebraska, Univ. of....Apr. 
North Carolina Col. of 
Agr., and Mech. Arts. Feb. 
North Carolina, Univ. of.Oct. 
North Dakota, Univ. of. Feb. 
Norwich University....June 
Ohio Northern Univ....Feb. 
Ohio State University. .Dec. 
Oklahoma Agricultural and 
Mech. Col........... Oct. 
Oklahoma, Univ. of....Oct 
Oregon Agr. Col....... Mar 
Penn. State College. ... Dec. 
Pittsburgh, Univ. of....Feb. 
Purdue University... .. Jan. 
Rensselaer Poly. Inst.. Nov. 
Rose Polytechnic Inst.. . Nov. 
Rhode Island State Col.. Mar. 
Stanford Univ......... Dec. 
Syracuse Univ......... Feb. 
Texas, Univ. of.. .Feb. 
Ep College of Tech- 

EE ЕЛКЕ ct. 
virginia Polytechnic In- 

EE E TE ODES Jan 
Virginia, Univ. of...... Feb. 
Wash., State Col. of. ..Dec. 
Washington Univ....... Feb. 
Washington, Univ. of. . Dec. 
West Virginia Univ.... Nov. 
Worcester Poly. Inst... Mar. 
Yale University........ Oct. 


Total 59 


25, 
11, 


Chairman 


Secretary 


Charles C. Clymer Mri E. Leroy, University of Colorado, 


'04 

'14 | R. E. Robinson 
'12 | E. E. Gould 

14 | D. Nankervis 

Ын C. L. Merrick 
'08 | Е.Н. Oliver 

'08 | М. M. Foster 

'10 | A. W. Davies 

'12 | Samuel McC.Hunt 
'02 | F. L. Magee 

о ы ысы 
04 A. N. Clarke 

'16 | Jesse L. Thompson 
'03 | A. C. Lanier 

'07 | Carl Ladenburg 
'08 | Olin J. Ferguson 
'10 | F. E. Coxe 

14 А. С. Ёогпеу 

46 Edward B. Dawson 
'12 | R. H. Bennett 
'02 | H. D. Bender 
'11 | G. E. Davis 

'12 | H. M. Richards 
'08 | J. А. Hooper 

‚ "02 . B. Kelly, 
1714 . R. Rot 

'03 | C. F. Harding 
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SPECIAL MEETING OF A. I. E. E. 
NEW YORK, JUNE 27-28, 1917 


At its last meeting, the Board of 
Directors of the Institute voted to hold 
а special Institute meeting in New York, 
June 27-28, 1917, for the presentation 
and discussion of papers that were to 
be presented at the Annual Convention. 

The Meetings and Papers Committee 
has arranged for five technical sessions 
which will be held morning and after- 
noon of each day and on Wednesday 
evening. The monthly meeting of the 
Board of Directors will be held Wednes- 
day afternoon at 4:30 o’clock. The 
Program is as follows; 


First Session 
Wednesday, June 27, 
10:30 A.M. 


Subject: High-Tension Cables 


Problems in Operation and Maintenance 

of Underground Cables, by John 
.. L. Harper. 

High-Tension Cable Joints, 
Roper. 

The Influence of Dielectric Losses on the 
Rating of High-Tension Under- 
ground Cables, by A. F. Bang and 
H. C. Louis. 

Insulation Characteristics of High-Vol- 
lage Cables, by W. S. Clark and 
G. B. Shanklin. 

Second Session 
Wednesday, June 27, 
2:00 P.M. 
Subject: High-Tension Insulators 

Пе Insulator Situation, By W. D. 

Peaslee. 


by D. W. 


Expansion Effects as а Cause of De- 
tertoration in Suspension Type 
Insulators, by J. A. Brundige. 

Present Practise in Design and Manu- 
facture of High-Tension Insula- 
tors, by A. O. Austin. 


Wednesday, June 27, 
4:30 P.M. 
Monthly meeting of the Board of 
Directors. 
- Third Session 
Wednesday, June 27, 
8:30 P.M. 


President's Annual Address. 

Introduction of President-Elect E. W. 
Rice, Jr. 

Reports of Technical Committees. 


Fourth Session 
Thursday, June 28, 
10-30 А.М. 
Subject: Mining 
Forms of Power Best Suited for Various 
Loads Encountered зп the Opera- 
tion of Bituminous Coal Mines, 
by R. L. Kingsland. 
Test of a Large Mine Hoist, by В. S. 
Sage. 


Fifth Session 
Thursday, June 28, | 
2:00 P.M. 

Subjects: Water Power, and Heating of 
Electrical Machinery 
Economical Combination of Water Power 
and Steam Plants and a Con- 
venient Method of Solution, by 

Н. S. Putnam. | 
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Cooling of Oil-Immersed Transformer 
Windings After Shut-Down, by 
V. M. Montsinger. 

The latter paper was to have been 
presented at the Schenectady meeting 
which was canceled, and is published in 
the April PROCEEDINGS. The papers by 
Messrs. Harper, Peaslee, and Brundige 
were published in the May PROCEED- 
INGS, and the balance of the papers, 
with the exception of those for the 
Mining Session, appear in this issue. 
Reprints of all the papers and of the 
technical committee reports will be 
distributed at the meeting. 


ANNUAL MEETING AND EDISON 
MEDAL PRESENTATION 


The annual meeting of the А. I. E. E. 
was held at the Institute headquarters 
33 West 39th Street, New York, on 
Friday, May 18th, at 8:30 p.m. Тһе 
meeting was called to order by President 
Buck who called upon Secretary Hyt- 
chinson to present the Annual Report 
of the Board of Directors. This report 
which was distributed at the meeting 
was briefly abstracted by Secretary 
Hutchinson. Тһе report is published 
in full elsewhere in this issue. 

Тһе next order of business was the 
reading of the Report of the Committee 
of Tellers upon the election of officers 
for the administrative year beginning 
August 1, 1917. This report which is 
published elsewhere in this issue was 
presented by Secretary Hutchinson, 
after which President Buck announced 
the following named gentlemen as duly 
elected officers and managers: President 
E. W. Rice, Jr., Schenectady, М. У.; 
Vice-Presidents Frederick Bedell, Ithaca, 
М. Y., John H. Finney, Washington, 
D. C, А. S. McAllister, New York, 
М. Y.; Managers, Walter А. Hall, 
West Lynn, Mass., E. H. Martindale, 
Cleveland, Ohio, William A. Del Mar, 
New York, М. Y., Wilfred Sykes, 
Pittsburgh, Pa.; Treasurer, George A. 
Hamilton, Elizabeth, N. J. 

The ceremony of the presentation of 
the Edison medal to Nikola Tesla for 
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*early original work in polyphase and 
high-frequency electric currents" fol- 
lowed the business meeting. Dr. A. 
E. Kennelly as chairman of the Edison 
medal committee outlined the origin 
and purpose of this honor and gave a 
brief history of past awards. 

Charles A. Terry whose subject was 
a presentation of historical facts re- 
garding the Tesla patents and contri- 
butions to the arts, said in part: 
“Twenty-nine years ago this month 
there was presented before this Institute 
a paper of unusual import, entitled 'A 
New System of  Alternate-Current 
Motors and Transformers'. The author, 
Nikola Tesla, was then only thirty-one 
years of age and had been for only 
four years a resident of this country. 
At the age of twenty-two he had com- 
pleted his studies in engineering at the 
Polytechnic School in Gratz and also а 
course in the University of Prague. In 
1883 he was at Strassbourg completing 
the lighting of a newly erected railway 
station. Shortly after finishing this 
undertaking he came to the United 
States. 

“Throughout all these years his 
desire had been to find an opportunity 
to demonstrate the truth of a conviction 
which became fixed in his mind while 
studying at Gratz in 1878. The con- 
viction was that it should be possible to 
create a rotating magnetic field without 
the use of commutators. By some 
fortunate process of reasoning he con- 
ceived while in Budapest in 1882 that 
by using two or more out-of-phase 
alternating currents respectively passing 
through geometrically displaced coils it 
would be possible to develop his long- 
sought progressively shifting magnetic 
field. 

“In 1885 Tesla had the good fortune 
to interest men of means in a direct- 
current arc light he had devised, and 
subsequently a laboratory was equipped 
for him. In 1887 he was able to 
exhibit to his business associates motors 
having such progressively shifting fields 
without the use of commutators, as he 
had forseen nine years before. The 
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rapidity and wonderful way in which he 
surrounded the entire field of constant 
speed, svnchronous, induction and split- 
phase motors is set forth in his paper of 
Мах 18 and in the numerous patents 


issued May 1, 1888 and succeeding | 


vears. 

“Among the first to recognize the 
immense importance of Mr. Tesla’s 
motors were Mr. Westinghouse and his 
advisers, T. B. Kerr, Mr. Byllesby, Mr. 
Shallenberger and Mr. Schmid, and Mr. 
Westinghouse secured an option which 
shortly resulted in the purchase of the 
patents.'' 

Mr. Terry also enumerated Tesla’s 
experimental work in connection with 
wireless transmission of power and the 
control of movements of torpedoes and 
boats, as well as his contributions in the 
feld of the Roentgen ray, his various 
electrical inventions, and the bladeless 
steam turbine for which commercial 
success 1s hoped. 

President Buck then introduced Mr. 
B. A. Behrend who said in part: 

“It is twenty-nine years ago to the 
verv day and hour that Nikola Tesla 
stood before this Institute and read a 
description of his great discovery of the 
generation and utilization of polyphase 
alternating currents. He left nothing 
1o be done, his paper contained even the 
skeleton of the mathematical theory. 

“Three years later in 1891, there was 
given the first great demonstration, by 
Swiss engineers, of the transmission of 
power at 30,000 volts from Lauffen to 


Frankfort by means of Mr. Tesla's. 


system. This was followed by the de- 
velopment of the Cataract Construction 
Company.”’ 

President Buck called attention to the 
apparently almost insurmountable ob- 
stacles which confronted Mr. Tesla, 
thirty years ago, the very elementary 
state of electrical knowledge, and the 
firm belief by the majority of prominent 
engineers that direct current was the 
sole practical means of electric power 
transmission. Mr. Buck then presented 
the medal to Nikola Tesla, expressing 
the appreciation of the entire engineer- 
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ing profession in his accomplishments 
and with the great hope that he may 
continue to contribute to the profession 
in the future. 

Mr. Tesla, in accepting the medal, 
expressed his heartiest thanks for the 
sympathy and Sincere appreciation 
expressed by the award. He then gave 
an outline of his life from boyhood, 
describing many most interesting ex- 
periences in connection with his every- 
day life as well as in the progress of his 
profession. 


REPORT OF COMMITTEE OF 
TELLERS ON ELECTION 
OF OFFICERS 
To the President, 
American Institute of Electrical 
Engineers. — 

DEAR Sin:—This committee has care- 
fully canvassed the ballots cast for 
officers for the year 1917-1918. Тһе 
result is as follows: 

Total number of ballot envelopes received.. 2675 
Rejected on account of bearing no iden- 

tifying name on outer envelope, ac- 

cording to Art. VI, Sec. 34 of the 

Сопвбайоп...................... 33 
Rejected on account of voter being in 


arrears for dues on May 1, 1917, as 
provided in the Constitution. and 


Rejected on account of having reached 
the Secretary's office after May 1, 
according to Art. VI, Sec. 34 of the 
Сопв іийоп...................... 11 


2529 


These 2529 valid ballots were counted 
and the result is shown as follows: 


Leaving as valid ballots............... 


For President 


Е. W: Rice, ГОРИО РИЕТИ 2479 
Scattering and МапК.................... 50 
For Vice-Presidents 
Frederick Bedell........................ 2426 
John H. Біппеу......................... 2381 
А. S. МсА1пзїег........................ 2362 
Scattering and blank.................... 418 


E. H. Martindale а hide ли хан 

William A. Del Маг..................... 2446 
Wilfred буКев.......................... 2437 
Scattering and ЫапкК.................... 330 
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*early original work in polyphase and 
high-frequency electric currents” fol- 
lowed the business meeting. Dr. A. 
E. Kennelly as chairman of the Edison 
medal committee outlined the origin 
and purpose of this honor and gave a 
brief history of past awards. 

Charles A. Terry whose subject was 
a presentation of historical facts re- 
garding the Tesla patents and contri- 
butions to the arts, said in part: 
“Twenty-nine years ago this month 
there was presented before this Institute 
a paper of unusual import, entitled 'A 
New System of  Alternate-Current 
Motors and Transformers'. The author, 
Nikola Tesla, was then only thirty-one 
years of age and had been for only 
four years a resident of this country. 
At the age of twenty-two he had com- 
pleted his studies in engineering at the 
Polytechnic School in Grátz and also a 
course in the University of Prague. In 
1883 he was at Strassbourg completing 
the lighting of a newly erected railway 
station. Shortly after finishing this 
undertaking he came to the United 
States. 

“Throughout all these years his 
desire had been to find an opportunity 
to demonstrate the truth of a conviction 
which became fixed in his mind while 
studying at Grátz in 1878. The con- 
viction was that it should be possible to 
create a rotating magnetic field without 
the use of commutators. By some 
fortunate process of reasoning he con- 
ceived while in Budapest in 1882 that 
by using two or more out-of-phase 
alternating currents respectively passing 
through geometrically displaced coils it 
would be possible to develop his long- 
sought progressively shifting magnetic 
field. 

“Іп 1885 Tesla had the good fortune 
to interest men of means in a direct- 


current arc light he had devised, and 


subsequently a laboratory was equipped 
for him. In 1887 he was able to 
exhibit to his business associates motors 
having such progressively shifting fields 
without the use of commutators, as he 
had forseen nine years before. Тһе 
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rapidity and wonderful way in which he 
surrounded the entire field of constant 
speed, synchronous, induction and split- 
phase motors is set forth in his paper of 
May 18 and in the numerous patents 


issued May 1, 1888 and succeeding | 


years. 

"Among the first to recognize the 
immense importance of Мг. Tesla’s 
motors were Mr. Westinghouse and his 
advisers, T. B. Kerr, Mr. Byllesby, Mr. 
Shallenberger and Mr. Schmid, and Mr. 
Westinghouse secured an option which 
shortly resulted in the purchase of the 
patents.’’ 

Mr. Terry also enumerated Tesla’s 
experimental work in connection with 
wireless transmission of power and the 
control of movements of torpedoes and 
boats, as well as his contributions in the 
field of the Roentgen ray, his various 
electrical inventions, and the bladeless 
steam turbine for which commercial 
success is hoped. 

President Buck then introduced Mr. 
B. A. Behrend who said in part: 

“It is twenty-nine years ago to the 
very day and hour that Nikola Tesla 
stood before this Institute and read a 
description of his great discovery of the 
generation and utilization of polyphase 
alternating currents. He left nothing 
to be done, his paper contained even the 
skeleton of the mathematical theory. 

“Three years later in 1891, there was 
given the first great demonstration, by 
Swiss engineers, of the transmission of 
power at 30,000 volts from Lauffen to 


Frankfort by means of Mr. Tesla's. 


system. This was followed by the de- 
velopment of the Cataract Construction 
Company.” 

President Buck called attention to the 
apparently almost insurmountable ob- 
stacles which confronted Mr. Tesla, 
thirty years ago, the very elementary 
state of electrical knowledge, and the 
firm belief by the majority of prominent 
engineers that direct current was the 
sole practical means of electric power 
transmission. Mr. Buck then presented 
the medal to Nikola Tesla, expressing 
the appreciation of the entire engineer- 
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ing profession in his accomplishments 
and with the great hope that he may 
continue to contribute to the profession 
in the future. 

Mr. Tesla, in accepting the medal, 
expressed his heartiest thanks for the 
sympathy and Sincere appreciation 
expressed by the award. He then gave 
an outline of his life from boyhood, 
describing many most interesting ex- 
periences in connection with his every- 
day life as well as in the progress of his 
profession. 


REPORT OF COMMITTEE OF 
TELLERS ON ELECTION 
OF OFFICERS 
To the President, 
American Institute of Electrical 
Engineers. 

DEAR Sir:—This committee has care- 
fully canvassed the ballots cast for 
officers for the year 1917-1918. The 
result is as follows: 


Total number of ballot envelopes received.. 2675 


Rejected on account of bearing no iden- 
tifying name on outer envelope, ac- 
cording to Art. VI, Sec. 34 of the 
Сопваімтоп...................... 33 

Rejected on account of voter being in 
arrears for dues on May 1, 1917, as 
provided in the Constitution and 


Rejected on account of having reached 
the Secretary's office after May 1, 
according to Art. VI, Sec. 34 of the 
Соп$їийөоп...................... 11 


Leaving as valid ballots............... 2529 


These 2529 valid ballots were counted 
and the result is shown as follows: 


For President 


E. W. Rice, /т.......................... 2479 
Scattering and МапК.................... 50 
For Vice-Presidents 
Frederick Ведйей........................ 2426 
John H. Ёїппеу......................... 2381 
А. S. МсАШвтег........................ 2362 
Scattering and ЫМапК.................... 418 
For Managers 
Walter A. НаП......................... 2454 
Е. Н. Магиіпдаіе....................... 2449 
William А. Del Маг..................... 2446 
Wilfred буКев.......................... 2437 
Scattering and МапК.................... 330 
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For Treasurer 
George А. Натіїїоп..................... 2459 
Scattering and МапЕ.................... 70 
Respectfully submitted, 
H. B. P. WRENN, Chairman 
FRANK H. BEALL, 
H. B. HAMMOND, 
May 4, 1917. Commiuttee of Tellers. 


THE ENGINEERING COUNCIL 


- The Engineering Council is the 
outcome of several independent move- 
ments which took definite shape early 
during the present year. For a long 
time individual engineers and the епрі- 
neering societies have considered the 
desirability of having some properly 
constituted organization empowered to 
speak in the name of engineers in 
general upon subjects of common 
interest to engineers and to the public. 
The need of such an organization in the 
interest of cooperation and uniformity 
of action on matters relating to the 
welfare of the engineering profession was 
brought to the attention of the Board of 
Directors of the Institute at its meeting 
held in Philadelphia in October 1916, 
at which the subject was discussed at 
considerable length. A resolution was 
adopted at that meeting authorizing the 
President to appoint a committee of five 
members of the Board and to invite the 
American Society of Civil Engineers, 
the American Society of Mechanical 
Engineers, and the American Institute 
of Mining Engineers, to appoint similar 
representatives upon a joint committee 
with a view to formulating some plan of 
action for organizing such a central 
body. A series of conferences of the 
representatives appointed as a result of 
this action followed, and after consider- 
ing numerous suggestions the conferees 
formulated a plan to amend the by-laws 
of the United Engineering Society so 
as to provide for a new department of 
that Society, to be known as The Engi- 
neering Council. These amendments 
were subsequently adopted, and have 
been approved by the four founder 
societies which constitute the United 
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Engineering Society. Тһе object and 
method of organization of the Council 
are expressed in the by-laws as follows: 


"In order to provide for convenient 
co-operation between the four Founder 
Societies, for the proper consideration 
of questions of general interest to 
engineers and to the public and to pro- 
vide the means for united action upon 
questions of common concern to engi- 
neers, the United Engineering Society 
shall, in addition to its other activities 
and entirely separate therefrom, es- 
tablish, and maintain a department to 
be known as 


ENGINEERING COUNCIL 


* "Each Founder Society shall have 
five representatives upon the Council 
and such representatives shall be desig- 
nated by the governing body of such 
Society. 

“Тһе United Engineering Society 
shall have four representatives on the 
Engineering Council who shall be 
chosen by its Board of Trustees; such ` 
representatives to be men not already 
designated by a Founder Society. 


“Тһе Council may speak authorita- 
tively for all member societies on all 
public questions of a common interest 
or concern to engineers, unless objection 
be made by a majority of the repre- 
sentatives present of one of the Founder 
Societies or by one-fourth of the 
representatives present and voting. It 
shall defer any action which is opposed 
as aforesaid; such suspended action shall 


- be referred to the governing bodies of 


the societies whose representatives 
have protested, for an expression of 
opinion of a veto upon further action, 
and may then be reconsidered if such 
societies have agreed. 


“Тһе Council shall elect annually (at 
its annual meeting) from the represen- 
tatives a Chairman, and two Vice- 
Chairmen; also a Secretary who may 
or may not be a representative. 

“Тһе expenses of the Engineering 
Council shall be disbursed out of such 
funds as the Trustees of United Engi- 
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neering Society shall from time to time 
provide for that purpose. 

"'The Engineering Council shall hold 
an annual meeting in New York in the 
month of February and such other 
meetings as the Council may decide. 

"A quorum shall consist of one-third 
of the total number of representatives 
upon the Council. 

"An Executive Committee to serve 
one year shall be constituted of six 
members, of which the Chairman, and 
two Vice-Chairmen shall be members. 
It shall transact mecessary business 
between meetings of the Council, but 
shall take no action binding the Council 
upon debatable questions of engineering 
concern. 

“The Council shall have authority 
to make rules for its own guidance, not 
inconsistent with these by-laws. 

“The Trustees of the United Engi- 
neering Society mav elect to member- 
ship in the Engineering Council other 
National Engineering or Technical 
Societies, under such rules as the Council 
prescribes provided their nomination 
and said rules have the unanimous 
approval of the governing bodies of the 
four Founder Societies. 

“Тһе Council shall keep a record of 
its proceedings and transmit, after each 
meeting, a copy of the same to the Board 
of Trustees of the United Engineering 
Society. 

The following men have been ap- 
pointed as the representatives of the 
A.I.E.E.: H. W. Buck, E. W. Rice, Jr., 
М. А. Carle, P. Junkersfeld and C. E. 
Skinner. 


DIRECTORS' MEETING, MAY 18, 
1917 


The regular monthly meeting of the 
Board of Directors of the Institute was 
held at Institute headquarters, New 
York, on May 18, 1917, at 3:30 p.m. 

There were present, President H. W. 
Buck, New York; Vice Presidents C. A. 
Adams, Cambridge, Mass., J. Franklin 
Stevens, Philadelphia, Pa., В. А. 
Behrend, Boston, Mass., L. T. Robin- 
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son, Schenectady, N. Y.; Managers A. 
S. McAllister, New York, John B. 
Taylor, Schenectady, N. Y., Harold 
Pender, Philadelphia, Pa., C. E. Skin- 
ner, Pittsburgh, Pa., N. A. Carle, 
Newark, М. J., Charles Robbins, 
Pittsburgh, Pa.; Treasurer George A. 
Hamilton, Elizabeth, N. J., and Secre- 
tary F. L. Hutchinson, New York. 

Тһе action of the Finance Committee 
in approving monthly bills amounting 
to $11,487.01 was ratified. 

Upon the recommendation of the 
Meetings and Papers Committee an 
Institute meeting was authorized to be 
held in Philadelphia, Pa., early in 
October 1917, under the auspices of the 
Philadelphia Section. 

The report of the Board of Examiners 
of meetings held on April 26, May 3, 
and May 11 was read and the actions 
taken at those meetings were approved. 
Upon the recommendation of the Board 
of Examiners, the following action was 
taken upon pending applications. Sixty- 
seven students were ordered enrolled, 
135 applicants were elected to the grade 
of Associate, 9 applicants were elected 
to the grade of Member, one applicant 
was elected to the grade of Fellow, 
4 applicants were transferred to the 
grade of Fellow, 8 applicants were 
transferred to the grade of Member, 
and 4 applicants were re-elected to the 
grade of Associate. 

The Annual Report of the Board of 
Directors for the fiscal year ending 
April 30, 1917, which had been prepared 
by the Secretary, was approved for 
presentation at the Annual Meeting in 
the evening. This report is published 
in this issue of the PROCEEDINGS. 

The annual report of the Treasurer 
for the fiscal year was presented and 
accepted. 

Мг. Е. L. Hutchinson was unani- 
mously reappointed secretary of the 
Institute for the administrative year 
beginning August 1, 1917. 

‚А considerable amount of other 
business was transacted by the Board, 
reference to which will be found in this 
and future issues of the PROCEEDINGS. 
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RULES GOVERNING PRESENTA- 
TION AND DISCUSSION OF 
PAPERS AT INSTITUTE 
MEETINGS 


At the meeting of the Board of 
Directors held on May 18, the following 
rules governing the presentation and 
discussion of technical papers at Insti- 
tute meetings, which had previously 
been prepared and recommended for 
adoption by the Meetings and Papers 
Committee, were approved by the 
Board for trial, and the committee was 
authorized to put them into effect at 
coming Institute meetings. 

1. At technical sessions papers may 
Фе read by title only or by abstract, as 
determined by the Meetings and Papers 
Committee. 


PAPERS PRESENTED ВУ TITLE 


2. Papers which in the opinion of the 
Meetings and Papers Committee are of 
interest to only a limited number of 
members, or which cannot be well cov- 
ered by oral presentation or discussion, 
will be presented by title. The author 
will be notified of this fact upon accep- 
tance of his paper. Written discussion of 
such papers received by the Editor 
within 30 days after the presentation 
of the paper will be published in the 
TRANSACTIONS, after being submitted 
to the author for his criticism. 

3. Papers not read by title will be 
read in abstract. The time for presen- 
tation must not exceed 20 minutes, if 
there is only one paper to be presented 
at the session, or 10 minutes if two or 
more papers are to be presented. 

4. Members desiring to discuss a 
paper should notify the Meetings and 
Papers Committee, or the Chairman of 
the meeting, in advance of the meeting. 
Such members will be allowed not to 
exceed 10 minutes each for discussion 
before any other members are given 
an opportunity to discuss the paper. 
АП discussion given by a member in 
person will appear in'the TRANSACTIONS 
without notation. 

5. Written discussion submitted in 
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advance by an absent member may be 
read by the Secretary or by some 
member who is present, and 5 minutes 
may be allowed for its presentation. 
Such discussion will appear in the 
TRANSACTIONS with the notation— 
Read or abstracted by Mr. * * * * 
Written discussions not read at the 
meeting will be marked “Ву letter’’. 
Later communications received within 
30 days after adjournment will be 
printed with the notation ''Communi- 
cated after adjournment”. 

6. In the open discussion following 
the presentation of the discussion by 
letter and by members who have 
given advance notification, each mem- 
ber will be allowed 5 minutes unless 
additional time is available after all 
others who desire to speak have been 
heard. 

7. All discussions are subject to the 
acceptance and correction of the Editing 
Committee before publication. 

8. The above rules for the presenta- 
tion and discussion of papers may be 
altered by arrangement in advance with 
the Meetings and Papers Committee; by 
the Chairman of the session in his 
discretion; or, by unanimous consent 
of the meeting. 


VALUABLE GIFT TO LIBRARY 


At the meeting of the Board of Direc- 
tors of the Institute held May 18, 
reference was made to a valuable addi- 
tion to the Library's resources on the 
history of electricity which has been 
recently made, through the gift by Mr. 
Theodore N. Vail of 505 volumes, none 
of which was already in our collection. 
The books are chiefly French and 
German and include many which are 
now hard to obtain. The volumes 
presented to this Library have been 
selected from the Dering collection, 
which was purchased by Mr. Vail and 
presented to the Massachusetts Іп-. 
stitute of Technology, with the under- 
standing that the duplicates were to be 
given to this Library. 
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The following resolutions were unani- 
mously adopted: 

WHEREAS, Theodore М. Vail, Esq., has pre- 
sented to the Library of the American Instit ite 
of Electrical. Engineers over five hundred volumes 
pertaining to Electrical Engineering and the 
allied sciences, be it 

RESOLVED, that the Board of Directors of the 
Institute, representing its membership, desires 
to express its appreciation of his geaerosity ала 
thoughtfulness in rendering this collection acces- 
sible to all engineers, and be it further 

RESOLVED, that a copy of these resolutions be 
sent to the esteemed donor. 


PAST SECTION MEETINGS 

Atlanta.—May 9, 1917, Chamber of 
Commerce. Illustrated address by Mr. 
M. C. Turpin on “Steam Railway 
Electrification”. Attendance 105. 

Baltimore.—March 9, 1917, Johns 
Hopkins University. Illustrated address 
by Dr. S. W. Stratton on “Work of the 
Bureau of Standards". Attendance 
150. 

April 20, 1917, Hotel Rennert. Paper: 
"Submarine Cable Signalling” by Gen- 
eral Squier. Paper was read by Dr. 
L. M. Potts. Attendance 25. 

Boston.— May 8, 1917, Engineers 
Club. Address by Major Chase on 
“The Signal Corps and Its Duties in 
the Field". Election of officers for the 
coming season as follows—-chairman, 
Harry M. Pope; vice-chairman, L. W. 
Abbott; secretary-treasurer, I. M. Cush- 
ing. Attendance 75. | 

Chicago.—April 23, 1917, Western 
Society of Engineer's Rooms. Paper: 
"Economical Industrial Applications of 
Electricity" by Norman T. Wilcox. 
Attendance 60. 

Cleveland.—March 19, 1917, Elec- 
trical League, Statler Hotel. Illustrated 
address by Mr. Allard Smith on “Use 
of Electricity in the Handling of Freight 
in Railroad and Ship Terminals”. 
Attendance 36. 

April 16, 1917, Electrical League, 
Hotel Statler. Illustrated address by 
Mr. Ben Perris on “Illuminating Engi- 


neering іп the Motion Picture Industry”. . 


Attendance 48. | 
Denver.—April 20, 1917, Denver 
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Athletic Club. Addresses by Colonel 
R. N. Getty and Lieutenant Scott of 
Fort Logan, and Lieutenant Miller of 
the Naval Recruiting Station on “Тһе 
General Requirements of Military and 
Naval Engineering". Attendance 64. 

Detroit-Ann Arbor.—April 20, 1917, 
Detroit Engineering Society Rooms. 
Paper: '"Thermo-Electric Pyrometry”’ 
by R. B. Lincoln. Attendance 100. 

April 27, 1917, Detroit Engineering 
Society Rooms. Paper: '"Alternating- 
Current Motors" by B. F. Bailey. 
Attendance 40. 

Fort Wayne.—May 10 and 11, 1917, 
Moose Hall. Electrical Exhibition. 
Display of electrical devices used in the 
home. Attendance 1200. 

Indianapolis-Lafayette.— April 20, 
1917, Indianapolis. Paper: ‘‘Engineer- 
ing and Telephone Wire Plant" by B. 
D. Wilber. Attendance 27. 

Milwaukee.—April ‚16, 1917, City 
Club. Illustrated addresses by Messrs. 
H. O. Seymour and W. D. Hobbins on 
“Тре Main Office Building of the 
Wisconsin Telephone Company, Broad- 
way, Milwaukee". Attendance 90. 

Minnesota.—April 20, 1917, Uni- 
versity of Minnesota. Address Бу Mr. 
Arnold Pfau on “Modern Hydraulic 
Turbines and Hydroelectric Units”. 
Attendance 270. | 

Panama.—April 15, 1917, Pacific 
Forts, Panama Canal. Inspection trip 
through the Pacific Fortifications of the 
Panama Canal. Attendance 84. 

Philadelphia.— March 8, 1917, Frank- 
lin Institute. Paper: ‘Dielectric Losses 
in Insulating Materials" by C. E. 
Skinner. Joint meeting with Franklin 
Institute. Attendance 100. 

March 12, 1917. Engineers Club. 
Paper: "Recent Developments in the 
Use of Vacuua" by Saul Dushman. 
Attendance 135. | 

April 9, 1917, Engineers Club. Paper: 
"Underground Cables and Their Use in 
Modern Practise" by H. W. Fisher. 
Attendance 100. 

Pittsfield.—April 13, 1917, Hotel 
Wendell. Paper: "Patents and Patent 
Law” by А. С. Davis. Attendance 100. 
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April 26, 1917, Hotel Wendell. 
Paper: “Selecting and Testing of 


Materials" by J. A. Capp. Attendance 
80. 

Rochester.— March 23, 1917. Paper: 
“Polyphase Commutator Motors” by 
Vladimir Karapetoff. Attendance 61. 

April 27, 1917, Rochester Engineering 
Society Rooms. Paper: ‘International 
Electrical Standards" by A. S. Mc- 
Daniel. Attendance 27. 

Schenectady.— April 20, 1917, Edison 
Club. Address by Dr. C. R. Mann on 
"A New Basis of Engineering Educa- 
tion". Attendance 200. 

Election of officers for the coming 
year as follows—chairman, W. L. 
Upson; vice-chairmen, T. A., Worcester, 
H. Maxwell and O. J. Whitecotton; 
secretary, L. F. Milham; treasurer, L. 
Rask. 

May 4, 1917, Edison Club. Illustra- 
ted address by Mr. J. B. Taylor on 
"Acoustical Engineering and a Review 
of the Characteristics of Noise, Speech, 
and Musical Sound". Attendance 250. 

Seattle.— April 17, 1917, Arctic Build- 
ing. Address by Captain John Haris- 
berger Engineer Officers Reserve Corps, 
on "War Department's Plan for the 
Organization of the Engineer Officers 
Reserve Corps". Attendance 51. 

Spokane.—April 20, 1917, Old Na- 
tional Bank Assembly Room. Papers: 
(1) “Electrolysis” by Е. L. Rohrback; 
(2) "Transformers" by V. H. Greisser. 
Attendance 32. 

St. Louis.—April 25, 1917, Engineers 
Club Room. Illustrated address by Mr. 
М. C. Turpin on “Electrification of 
Steam Railways". Attendance 51. 

Toledo.— April 18, 1917, Toledo Com- 
merce Club. Illustrated lecture by Mr. 
С. №. McKinley on “Some of the 
Problems of Automobile Designing”. 
Attendance 19. 

May 2, 1917, Toledo Commerce Club. 
Address by Mr. A. E. Buchenberg on 
"Electric Welding". Attendance 25. 

Toronto.— April 20, 1917, Engineers 
Club. Address by Mr. E. V. Pannell on 
"Rapid Transit Railways". Election of 
officers for the coming year as follows— 
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chairman, Wm. С. Gordon; secretary, 
Ernest V. Pannell. Attendance 27. 

Urbana.— March 21, 1917, Univer- 
sity of Illinois. Paper: “Тһе City of 
Chicago Street Lighting System" by 
A. B. Gates. Attendance 60. 

Washington.—A pril 24, 1917, Cosmos 
Club. Paper: "Measurement of Tem- 
perature in Electrical Engineering" by 
L. T. Robinson. Attendance 32. 


PAST BRANCH MEETINGS 


University of Arkansas.—April 16, 
1917. Lecture by Prof. G. E. Ripley on 
“Opportunities for Young Men in 
Arkansas". Two reel motion picture оп 
"Asphalt Road Construction”. Attend- 
ance 21. 

Armour Institute.—April 10, 1917. 
Paper: ‘‘The Owen Magnetic Trans- 
mission” by E. D. Porges. Attendance 
23. ' 

April 24, 1917. Address by Mr. 
Robert Randolph on “Тһе Possibilities 
of the Drainage Canal as a Military 
Asset". Attendance 46. 

Polytechnic Institute of Brooklyn.— 
April 20, 1917, Mailloux Library. 
Papers: (1) "Handling of Supplies for 
Central Stations" by Е. L. Leitner; (2) 
'"l'hree-Phase Four-Wire Low-Tension 
Distribution" by А. H. Bernhard. 
Attendance 21. 

May 4, 1917. Experimental lecture 
on "Color" by Mr. Robert von Nardoff. 
Attendance 100. 

University of California.—April 11, 


1917. Address by Mr. H. H. Anderson 


on ‘‘Electrolysis Survey of Electric 
Railways". Election of officers for 
ensuing year ав follows—chairman, 
Bradley B. Brown; vice-chairman, W. ` 
R. Kemper; treasurer, M. L. J. Frandy; 
secretary, H. E. Fielder. Atttendance 
23. 

Highland Park College.— March 15, 
1917, College Auditorium. Paper: 
"Public Utility Relations" by Secor 
Cunningham. Attendance 88. 

Iowa State College.—April 18, 1917. 
Paper: "Electric Rates for Residences" 
by George Brush. Attendance 37. 
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University of Kansas.—April 25, 
1917, Marvin Hall. Papers: (1) ‘‘Elec- 
tric Welding” by C. Lynn; (2) "Railway 
Electrification” by Т. О. Morton. 
Attendance 18. 

May 9, 1917, Marvin Hall. Address 
by Мг. В. W. Davis on “Ой Wells”. 
Election of officers for the coming year 
as follows—chairman, В. ХУ. Davis; 
vice-chairman, С. Lynn; secretary- 
treasurer, Clark Davis; executive com- 
mittee, F. E. Johnson, H. Gish, C. A. 
Keener, J. J. Jakowsky. Attendance 22. 

Lehigh University.—April 19, 1917. 
Paper: "Water Power Legislation" by 
R. S. Wenner. Attendance 47. 

University of Minnesota.—May 7, 
1917, Engineering Auditorium.  Illus- 
trated lecture by Mr. E. K. Read on 
"Circuit Breakers". Attendance 12. 

University of Missouri.—April 26, 
1917, Engineering Building. Paper: 
"Railroad Electrification” by M. C. 
Turpin. Attendance 46. 

University of North Dakota.—April 
21, 1917. Subject: Illumination. Spea- 
kers: Messrs. Fred T. Hicks, D. F. 
. McConnell and J. Е. Stevens. Election 
of officers as follows— president, David 
F. McConnell; secretary, Roy A. Wehe. 

Мау 4, 1917. Paper: ‘‘Switchboards 
and Switchboard Equipment” by E. 
K. Read. Paper illustrated by lantern 
slides. Attendance 12. 

Ohio State University.—April 20, 
1917, Robinson Г.арогафоту. Address 
by Mr. Kalb on “Carbon Dynamo 
Brushes". Attendance 28. 

April 27, 1917, Robinson Laboratory. 
Paper: "The Steel Industry" by C. E. 
Winegartner. Attendance 26. 

University of Oklahoma.—May 8, 
1917, Engineering Building. Joint 
meeting with local branch of A.S.M.E. 
Illustrated lecture on “Illumination” by 
Professors Woods and Morrow. Annual 
address by Chairman H. M. Richards. 
Address by -President of А.5.М.Е. 
Election of officers as follows—chair- 
man, O. W. Watter; vice-chairman 
C. T. Hughes; secretary, C. H. Whit- 
well; treasurer, R. A. Hoffman. At- 
tendance 27. 
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Pennsylvania State College.— May 
15, 1917. Paper: “Automatic Tele- 
phone” by С. Н. Mills. Attendance 35. 

University of Pittsburgh.—May 1, 
1917, Thaw Hall. Address by Mr. H. 
H. Clark on "Electrical Mine Safety . 
Appliances". Attendance 60. 

Syracuse University. Мау 3, 1917. 
Lectures as folfows—(1) ''Oil Switches" 
by Н. L. Bowman; (2) “А Quarter of a 
Century of the Electric Utility Business 
and What It Has Taught" by M. O. 

Attendance 50. | 

May 10, 1917. Moving picture of 
Pittsfield Works of General Electric 
Company. Attendance 35. 

Virginia Polytechnic Institute.— April 
26, 1917, German Club Hall. Three 
reel motion picture on ‘Electrical 
Control of the Panama Canal”. At- 
tendance 252. 

Washington State College.—April 13, 
1917, Van-Dorren Hall. Address by 
Professor Waller on ‘‘The Keechelus 
Dam'. Attendance 48. 

May 4, 1917. Address by Prof. Steele 
on “Fundamental Engineering Unit”. 
Attendance 25. 

Yale University.—May 9, 1917, 10 
Hillhouse Avenue. Lecture by Prof. H. 
V. Bozell on “Тһе Signal Corps of the 
United States Army". Attendance 90. 


ASSOCIATES ELECTED MAY 18, 
1917 


AMBUHL, F. F., Engineer, Toronto 
Hydroelectric System, 226 Yonge St.; 
res., 795 College St., Toronto, Ont. 

ARMSTRONG, Harry H., Assistant Elec- 
trical Engineer, Ford Motor Co.; res., 
926 Sheridan Ave., Detroit, Mich. 

BAKER, Louis AMIEL, Engineer, Power 
Engineering Div., Westinghouse Elec- 
tric & Mfg. Co., E. Pittsburgh; res., 
403 Whitney Ave., Wilkinsburg, Ра.. 

BAKER, ROBERT, Leading Draftsman 
and Engineer, Thomas E. Murray, 
124 E. 15th St., New York; res., 15 
Plainfield Ave., Lynbrook, N. Y. 

BARTLETT, ALFRED EDWIN, Construc- 
tion Dept., General Electric Co.; res., 
213 Seward Pl., Schenectady, N. Y. 
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BELL, RALPH STEWARD, Stations Dept., 
Toronto Hydroelectric System; res., 
10 Starr Ave., Toronto, Ont. 

*BisHOP, EUGENE ALONZO, Draughts- 
man, Commonwealth Edison Co.; 
res., 1043. Catalpa Ave., Chicago, Ill. 

BODENBACH, ROBERT P., Electrician, 
Cutler-Hammer Mfg. Co.; res., 702 
35th St., Milwaukee, Wis. 

BONHAM, LESTER D., Engineer, Colo- 
rado Power Co., 828 Symes Bldg.; 
res., 1230 Monroe St., Denver, Colo. 

BowpiTcu, Roy, Superintendent, Elec- 
trical Engineering Dept., Merchants 
Heat and Light Co., Indianapolis, 
Ind. 


BROOKE, BENJAMIN F., Assistant Divi- 
sion Operator, Pennsylvania Railroad 
Co.; res., 1515 N. 55th St., Philadel- 
phia, Pa. 

Brown, CARROL G., Laboratory Direc- 
tor, Rochester Railway & Light Co.; 
res., 215 Weldon St., Rochester, N. Y. 


BuRGEss, HowaRD Oris, Assistant 
Engineer, Bangor Railway & Electric 
Co.; res., 40 Second St., Bangor, Me. 


CANN, JOHN OSMOND GILBERT, Marconi 
Wireless Telegraph Co., 137 McGill 
St., Montreal, Que. 


CARR, JAMES M., Electrical Instructor, 
Cass Technical High School; res., 27 
Forsyth St., Detroit, Mich. 


CAVANAGH, JOHN F., Electrical Engi- 
neer, Connecticut Telephone & Elec- 
tric Co.; res., 41 Cook Ave., Meriden, 
Conn. 


CLAPP, DuDLEy, Assistant Engineer, 
Federal Power & Light Co., 35 
Congress St., Boston; res., 52 Hart- 
ford St., Dorchester, Mass. 


CLARK, CHARLES E., Electrical and 
Illuminating Engineer, Woodill & 
Hulse Electric Co.; res., 1961 Love- 
lace Ave., Los Angeles, Cal. 


CLARKE, CHARLES F., Junior Engineer, 
with Harold Almert; res., 1325 Astor 
St., Chicago, Ill. 

*CONNER, GEORGE CARTNELL, Manager, 
Lamp Dept., Pettingell-Andrews Co., 
Boston; гез., 50 Greaton Rd., West 
Roxbury, Mass. 
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CooPER, SAMUEL CHARLES, Electrical 
Engineering Assistant, Traffic Dept., 
Western Union Telegraph Co., New 
York, N. Y.;res., 419 Livingston St., 
Elizabeth, N. J. 

DARLINGTON, GEORGE PALMER, In- 
spector, Stone & Webster Engineering 
Corp., Boston; res., 273 High St., 
Medford, Mass. 

Day, RICHARD FOULKE, Engineer, Day 
& Zimmerman, 611 Chestnut St., 
Philadelphia, Pa. 

DEGENER, FRED S., Assistant Electrical 
Engineer, Ford Motor Co.; res., 49 
Lewerenz Ave., Detroit, Mich. 

Downey, Harry J., Assistant Electrical 
Engineer, Ford Motor Co., Detroit; 
res., 224 Glendale Ave., Highland 
Park, Mich. 

DowNIE, ROBERT JAMES, Electrician, 
Union Iron Works, San Francisco; 
res., 1614 Minturn St., Alameda, Cal. 

EMERSON, WILLIAM RALPH, Secretary 
& Treasurer, Muskogee Gas & Elec- 
tricCo., 23 Okmulgee Ave., Muskogee, 
Okla. 

ENGELMANN, JOHN L., Engineering 
Draftsman, Electric Products Co.; 
res., 1121 E. 148th St., Cleveland, O. 

ENNIS, WILLIAM HERMAN, Contracting 
Electrical Engineer, 821 Union Sf.; 
гез., 2025 Perdido St., New Orleans, 
La. 


*ESHBACH, Ovip W., Instructor іп 
Electrical Engineering, Lehigh Uni- 
versity; res., „323 Packer Ave., So. 
Bethlehem, Pa. 


FAGGE, WILLIAM ERNEST, Foreman 
Electrician, Counties Gas & Electric 
Со.; res., 146 Crickett Ave., Ardmore, - 
Pa. 


*FERNANDES, JOSE MANUEL, Sales 
Dept., Brazilian General Electric Co., 
Rua Dezembargador Izidro 110, Rio 
de Janeiro, Brazil, South America. 


FISCHER, CARL WILLIAM, Senior Drafts- 
man, Station Layout and Design, 
Commonwealth Edison Co., 72 W. 
Adams St., Chicago, Ill. 

FISHER, CHARLES HEBER, Engineering 
Dept., Du Pont Powder Co., 834 Du 
Pont Bldg., Wilmington, Del. 
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Еокре, WILLIAM H., Salesman, Electric 
Storage Battery Co., 720 Beacon St.. 
Boston, Mass. 

Foster, О. LENEVE, Consulting Engi- 
neer, 704 Harris Trust Bldg., Chicago; 
res., 2710 Woodbine Ave., Evanston. 
Ш. 

*FRANK, Милок H., Operating Engi- 
neer, Galesburg Railway, Lighting 
and Power Co., 7 E. Main St.; гез., 
169 E. Ferris St., Galesburg, Ill. 

GAMPER, Gustave HERMAN, Consult- 
ing Electrical and Mechanical Engi- 
neer, 421 New lst National Bank 
Bldg., Columbus, O. 


GRANT, LAURENCE HOWARD, Armature 
Winder and Power Station Operator, 
Fresno Traction Co.; res., 1435 Eye 
St., Fresno, Cal. 


GREEN, ARTHUR WILLIAM GRAHAM, 
Supply Sales Dept., Northern Electric 
Co. Ltd., 121 Shearer St., Montreal, 
Que. 

Guy, WiLLARD T., Electrical Engineer, 
Maxwell Motor Co.; res., 260 Stanton 
Ave., Detroit, Mich. 

HaNsEN, Oscar, Junior Electrical Engi- 
neer, Dept. of Gas and Electricity, 
City of Chicago; res., 1723 Chase 
Ave., Chicago, Ш. 

HakaLson, NEWTON McCraw, Engi- 
neer, Service Dept., Westinghouse 
Electric & Mfg. Co.; res., 803 South 
49th St., Philadelphia, Pa. 

Hazanp, FLoyp HAMILTON, Fire Alarm 
and Fire Dept. Engineer, National 
Board of Fire Underwriters, 76 
William St., New York, N. Y. 


Horr, Epwarp N., Cadet Engineer, 


Counties Gas & Electric Co., 212 | 


De Kalb St., Norristown, Pa. 

Hunter, RussELL NoRMAN, Electrical 
Research Assistant, Massachusetts 
Institute of Technology; res., 63 
Dana St., Cambridge, Mass. 

Нстснічв, WILLIAM JOHN MORGAN, 
Chief Clerk, Engineering Dept., Tri- 
State Tel. Co.; res., 64 S. Avon St., 
St. Paul, Minn. 

Irwin, А. EARL, Electrical Engineer, 
Kimball, Neb. | 
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JacoBs, GEORGE AMIDON, Manager, 
Dudlo Mfg. Co.; res., 1302 W. Wash- 
ington St., Ft. Wayne, Ind. 

JOHNSON, CLARENCE NATHAN, Indus- 
trial Sales Dept., Westinghouse Elec- 
tric & Mfg. Co., E. Pittsburgh; res., 
483 Campbell St., Wilkinsburg, Pa. 

*JONES, WILLIAM ELWIN, Testing Dept., . 
Commonwealth Edison Co.; res., 5426 
Race Ave., Chicago, Ill. 

KEELER, EARL ALTON, Experimental 
Dept., Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia; res., 637 
Haws Ave., Norristown, Pa. 

*K ELLER, CONSTANTINE CHARLES, Engi- 
neering Inspector of Transmitters 
and Receivers, Automatic Electric 
Co.; res., 1513 Monroe St., Chicago, 
Ill. 

KENNEDY, SCOTT JOSEPH, Foreman of 
Construction and Maintenance, Great 
Western Power Co.; res., 1516 First 
Ave., Oakland, Cal. 

KEY, Howard WILLIAM, Manager, 
Small Motor Dept., General Electric 
Co.; гез., 401 Williams St., Atlanta, 
Ga. 

Ковак, EDGAR, Editorial Representa- 
tive, Electrical World; res., 15 Arden 
St., New York, N. Y. 

Ккк, JOHN GEORGE, Electrical Engi- 
neering Laboratory Assistant, Acme 
Wire Co., New Haven; res., North 
Haven, Conn. 


KROGMAN, WERNER W., Assistant to 
Manager of Electrical Dept., Chicago 
Pneumatic Tool Co., Chicago; res., 
229 S. Kenilworth Ave., Oak Park, 
Ill. 


Ккоот, PALLED B., Superintendent of 
Construction, Pennsylvania Railroad 
Co., Philadelphia; res., 203 Elm 
Terrace, Narberth, Pa. 


LAING, NoRMAN B., Electrical Engi- 
neering Staff, Ford Motor Co.; res., 
73 Willis Ave. East, Detroit, Mich. 

LAUDER, ANDREW ROBERT K., Electrical 
Engineer, General Electric Co.; геѕ., 
923 State St., Schenectady, N. Y. 

LAWSON, JOEL SMITH, Sales Engineer, 
R. Thomas & Sons Co., Room 1424, 
61 Broadway, New York, N. Y. 
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LEwis, ALEXANDER THORNTON, Mem- 
ber of Firm, Lewis, Robinson & Gaut, 
1303 Land Title Bldg., Philadelphia, 
Pa. 

LINEBERRY, EDWARD, Assistant Engi- 
neer, Public Service Terminal Build- 
ing; res., 762 S. 20th St., Newark, 
М. ]. А 

LITCHFIELD, ROBERT BACH, Engineer- 
ing Dept., New York Telephone Co., 
15 Dey St., New York, N. Y. 

LORENZ, CHARLES F., Physicist, Na- 
tional Lamp Works General Electric 
Co., Nela Park, Cleveland, O. 

Loy, JAMES McNEAL, Draughtsman, 
Assistant Engineer’s Office, Pennsyl- 
vania Railroad Co.; res., 2527 Broad 
Ave., Altoona, Pa. 

MACDONALD, WILLIAM GRANT, Com- 
mercial Engineer, Power Sales Dept., 
Nova Scotia Tramways & Power Co. 
Ltd., Halifax, N. S. 

Масм05, Morton H. A., Chief Elec- 
trician, New York American, New 
York; гез., 2065-78th St., Brooklyn, 
N. Y. 

MANWARING, Myron. Superintendent, 
Power Plant Dept., Murray City 
Corp., Murray, Utah. 

Matson, C. H., Engineer, Factory, 
General Electric Co.; res., 931 Liberty 
St., Fort Wayne, Ind. 

MCALLISTER, Егуу G., Draftsman, 
Electric Service Supplies Co., Phila- 
delphia, Pa.; res., 645 Royden St., 
Camden, N. J. 

McCormick, ROBERT J., Assistant 
Electrical Engineer, Ford Motor Co., 
Detroit; res., 194 Louise Ave., High- 
land Park, Mich. 

McKay, JOHN ARCHIBALD, Electrician, 
Tallassee Power Co., Badin, N. C. 


МсКЕЕ, Myron, Electrical Engineer, 
Ford Motor Co.; res., 94 Warren Ave. 
East, Detroit, Mich. 

McKiINNELL, Одур Morris, Electrical 
Foreman, Stone & Webster Engi- 
neering Corp., New Bedford, Mass. 

MENTZEL, JULIUS R., Superintendent of 
Electrical Distribution, Oshkosh Gas 
Light Co.; res, 99 Rosalia St., 
Oshkosh, Wis. 
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MERWIN, Е. R. 


[June 


Superintendent, Р" 
E. Newbery Electric Co.; res., 4929 
Perrier St., New Orleans, La. 

MIKALOFF, JOHN PETER, JR., Electri- 
cian, Lewis & Roth; res., 2037 Chest- 
nut St., Philadelphia, Pa. 

MILLAR, Hamgorp H., Inspector in 
Charge, Oakland Bureau, Electrical 
Testing Laboratories, 1648 16th St., 
Oakland, Cal. 

MILLER, HAROLD P., Meterman, Con- 
solidated Power & Light Co.; res., 97 
Forrest Ave., Deadwood, S. D. 

MiLLs, HARRY AKERS, Electrical Engi- 
neer, Colorado Power Co.; res., 618 
Downing St., Denver, Colo. 


MOMBERGER, WILLIAM JULIUS, Engi- 
neer, Gibbs & Hill, Pennsylvania R. 
R. Station, New York, N. Y. 


MOORE, EUGENE BOISE, Sales Engineer, 
Allis-Chalmers Manufacturing Co., 
819 Ohio Bldg., Toledo, O. 


MonGAN, CLINTON WILKINS, Salesman‘ 
Westinghouse Electric & Mfg. Co., E. 
Pittsburgh; res., 410 Franklin Ave., 
Wilkinsburg, Pa. 


MORRELL, EDWARD STEVENS, Assistant 
Superintendent, Pennsylvania Rail- 
road Co., Broad Street Station; res., 
1319 Ontario St., Philadelphia, Pa. 


*MUNYAN, EARL ADDIS, Supervisor, 
Gun Cotton Dept., “В” Plant, E. I. 
du Pont de Nemours & Co.; res., 
Du Pont Hotel, City Point, Ма. 

MURRAY, ARTHUR HADLEY, Plant Elec- 
trical Engineer, Engineer in charge 
of Testing Laboratory, Standard 
Underground Cable Co. of Canada, 
Ltd., Sherman Ave., Hamilton, Ont. 

OBER, EARLE Myron, Traffic Engineer, 
B. C. Telephone Co. Ltd., Vancouver, 
В. C. 

O’ Darr, WILLIAM J., Assistant Electrical 
Engineer, Lewis H. Woods, 2355 
Jerome Ave., New York, N. Y. 

*OsTER, EUGENE А., Mechanical Engi- 
neer, Ault & Wiborg Co.; res., 1065 
Wade St., Cincinnati, O. 

OWENS, GEORGE MICHAEL, Chief Elec- 

 trician, Springfield Body Со.; res., 
18 Begole St., Detroit, Mich. 
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*PASZKIEWICZ, JOSEPH ANTHONY, Pri- 
vate Instruction and Translation 
Work; res., 1248 Noble St., Chicago, 

Ill. i 

*PERKINS, HARRY R., Electrical Engi- 
neer, Ford Motor Co., Detroit; res., 
233 Greenwood Ave., Birmingham, 
Mich. 

PiHL, CARL ALBION, Testing Dept., 
General Electric Co.; res., 234 Second 
St., Pittsfield, Mass. 

PORTA, PETER PASQUAL, Foreign Dept., 
Otis Elevator Co., New York, N. Y. 

Potts, HOwARD BLANCHARD, Master 
Mechanic, National Coal Co., Byes- 
ville, O. 

*POWELL, EDGAR JOHN, Engineer, Elec- 
trical Dept., D. L. & М. К. R. Co., 
Scranton; res., Clarks Summit, Pa. 


PUTNAM, WILLIAM JAMES, Instructor in 
Theoretical & Applied Mechanics, 
University of Illinois; res.. 610 W. 
Illinois St., Urbana, Ill. 


*REis, MAVIS DE OLIVEIRA, Instructor, 
Engineering School of Porto Alegre, 
Rio Grande do Sul, Brazil, South 
America. 


КнорЕ5, MILTON ARTHUR, Electrical 
superintendent, McLaughlin Engi- 
neering Co., Gilmore City, Ia. 


ROBINSON, GEORGE NELSON, Machin- 
ery Sales Dept., General Electric Co., 
1236 First National Bank Bldg., 
Denver, Colo. 


RuEGG, ARNOLD, Foreman, Electrical 
Maintenance and Construction, Falk 
Со.; res, 3317 McKinley Blvd., 
Milwaukee, Wis. 


SALISBURY, ROYAL DUNKLE, Engineer, 
1455 Gaylord St., Denver, Colo. 


SANDIG, GEORGE CURT, Asst. Foreman, 
Electric Meter Dept. and Laboratory, 
Denver Gas & Electric Light Co.; 
гез., 3437 Julian St., Denver, Colo. 


SAPERSTON, О. МАТНАМ, Power Engi- 
neer, Western Electric Co.; res., 3820 
Arthington St., Chicago, Ill. 

SCHIRTZINGER, ГЕО, Sales Engineer, 
John McC. Price Co., 301 Mfg. Bldg.; 


res., 2022 Osgood St. N.S.,Pittsburgh, 
Ра. 
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*SIGMAN, JOSEPH, Electrical Contract- 
ing and Sales Engineer, X-L Electric 
Co.; res., 1627 S. 8th St., Philadelphia, 
Pa. 

ӛмітн, Наккү JAMES, Chief Draftsman, 
Sierra & San Francisco Power Co.; 
res., 180 Alpine Terrace, San Fran- 
cisco, Cal. 

*SMITH, IRVING THOMAS, JR., Assistant 
Power Engineer, Edison Electric 
Illuminating Co. of Brooklyn; res., 
860 St. Marks Ave., Brooklyn, N. Y. 

ӛмітн, RoBERT Сом, Draftsman, 
Columbus Railway, Power & Light 
Co.; res., 124 King Ave., Columbus, 
O. 

SMITH, ROTHWELL EVERETT, Engineer's 
Assistant, Lowell Dist., New England 
Tel. & Tel. Co.; res., 69 Hastings St., 
Lowell, Mass. 

STEELE, EDWARD HARRISON, Electrical 
Enginer, New Bedford Gas & Edison 
Light Co.; res.. 21 Bay St., New 
Bedford, Mass. 

STINSON, WILLIAM 1.0015, Engineer, 
Public Service Electric Co.; res., 281 
Woodside Ave., Newark, N. J. 

*STOKES, PAUL FREDERICK, Assistant 
Manager, Nela Lamp Div., General 
Electric Co., Nela Park, Cleveland, O. 

STUART, FREDERICK CHARLES, Signal 
Engineer, Elgin, Joliet & Eastern Ry. 
Co.; гез., 113 М. Center St., Joliet, 
Ш. 


SULLIVAN, JoHN S. B., Inspector, Stone 
& Webster Engineering Corp., 60 5. 
Plymouth Ave., Rochester, N. Y. 


THOMAS, ВалАүмомр S, Electrician, 
Bartlesville Zinc Co.; гез., 629 М. 
Bridge St., Blackwell, Okla. 


Topp, WILLis, Vice-President, Union 
Co. of Omaha, 424 First National 
Bank Bldg.; гез., 210 М. 53rd Ave., 
Omaha, Neb. 


Том, Louis C., Foreman, Motor 
Generator Dept., Electric Products 
Co.; res., 11708 Ohlman Ave., Cleve- 
land, O. 

Tyson, Epwin Humes, Supt., Meter 
Dept., Lehigh Valley Light & Power 
Co.; res., 703 N. 12th St., Allentown, 
Pa, 
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UNDERHILL, HOWARD J., Superintend- 
ent, Range Div., Great Northern 
Power Со.; res, 516 Cook St, 
Virginia, Minn. 

WALRATH, ANDREW J., Electrical Engi- 
neer, Ford Motor Co., Detroit; res., 
443 Monterey Ave., Highland Park, 
Mich. 

WATSON, JOHN М. MICHAEL, Engineer- 
ing Dept., Western Electric Co., 463 
West St.. New York; res, 2033 
Palmetto St., Brooklyn, N. Y. 

WEBSTER, Evans, Head of Department 


of Physics, Lynn English High 
School; res., 11 Sachem Terrace, 
Lynn, Mass. 


WEEMAN, HERBERT FRANCIs, Assistant 
Electrical Engineer, Ford Motor Co., 
Detroit; res., 250 Fanand Park Ave., 
Highland Park, Mich. 

WEIR, ROBERT PHILIP, Sales Engineer, 
Cutter Electrical & Mfg. Co., 923 
Traders Bank Bldg.; res., 170 Geof- 
frey St., Toronto, Ont. 

WENTWORTH, HERBERT HIRAM, Rail- 
way Engineering, Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh; 
res., 512 Franklin Ave., Wilkinsburg, 
Pa. 


WHITE, EDWARD (О5ЕРН, Electrical 
Construction Foreman, Public Service 
Electric Co.; res., 41 Oraton St., 
Newark, N. J. 

WILLIAMSON, HENRY MERLE, Tclegra- 
pher, Paine, Webber & Co.; res., 1753 
W. 56th St., Chicago, Ill. 


WINN, CLAuD E., Supervisor, Foreign 
Crossing, Parallelisms & Inductive 
Interference, Western Union Tele- 
graph Co.; res., 6159 Kenwood Ave., 
Chicago, Ill. 

WoLFE, NOBLE A., Electrical Engineer, 
Industrial Control, General Electric 
Co.; res., 642 Terrace Place, Schenec- 
tady, N. Y. 

WOODFIELD, ARTHUR MONTGOMERY, 
Engineer and Estimator, 1727 Sansom 
St.; res., 227 S. 4151 St., Philadelphia, 
Pa. | 

WRIGHT, ELMER H., Electrical Con- 
struction, 1753 Monterey Ave., Chi- 
cago, Ill, 
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WRIGHT, FRANK VAN ZANDT, Superin 
tendent of Operation, Western Colo” 
rado Power Co., Silverton, Colo. 
Total 135. 
*Former enrolled Students. 


ASSOCIATES RE-ELECTED, МАУ 18, 
1917 
DAVIDSON, JAMES E., Assistant to the 
President, Omaha Electric Light & 
Power Co., Omaha, Neb. 


HERTZ, STANTON 5., Tester (Electrical), 
Dynamo Testing Dept., Westing- 
house Electric & Mfg. Co., East 
Pittsburgh; гез., 726 Wallace Ave., 
Wilkinsburg, Pa. 

MCAFEE, ALLAN LINDSAY, Electrical 
Engineer, Superintendent and Esti- 
mator, W. I. Gray & Co., 914 Mary 
Pl., Minneapolis, Minn. 

PRATT, RICHARD H., Inspector for E. B. 
Proctor, 63 Beaver St., New York, 
N. Y.; res., 116 Lafayette Drive, 
Atlanta, Ga. 


MEMBERS ELECTED, MAY 18, 1917 


CATLIN, JOSEPH PRIESTLEY, Depart- 
ment Engineer, General Electric Co.; 


res., 137 Wendell Ave., Pittsfield, 
Mass. 
COLLINS, JOHN LAMBERT, Electrical 


Engineer, Lowell Electric Light Corp.; 
res., 82 Hanks St., Lowell, Mass. 


KISER, ALEXANDER BLACK, Superin- 
tendent of Electrical Equipment, 
Pittsburgh Coal Co., Pittsburgh; 
res., 52 Hawthorn Ave., Crafton, Pa. 

KUHLMAN, ETNA, President, Kuhlman 
Electric Co., Bay City, Mich. 

MANN, ALBAN WHITFORD, Electrical 
Engineer, Central Illinois Public 
Service Co., Mattoon; res., 392 
Chicago St., Elgin, Ill. 

Norris, ROLLIN, General Superintend- 
ent, United Gas Improvement Co., 
Broad & Arch St., Philadelphia, Pa. 

RANDOLPH, CHARLES PHILIP, Managing . 
Engineer, Heating Device Dept.. 
General Electric Co., Pittsfield, Mass. 
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TAYLOR, ALFRED JAMES TOWLE, Con- 
sulting Engineer, 607 Credit Foncier 
Building, Vancouver, B. C. 

TILLSON, BENJAMIN FRANKLIN, Head of 
Mining Department; Mechanical & 
Electrical Engineering, New Jersey 
Zinc Co., Franklin Furnace, М. J. 


FELLOW ELECTED, MAY 18, 1917 


ALLISON, FRED, Chief Electrical Engi- 


neer, Ford Motor Co.; res, 211 


Rosedale Ct., Detroit, Mich. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners recom- 
mended the following members of the 
Institute for transfer to the grade of 
membership indicated. Any objection 
to these transfers should be filed at 
once with the Secretary. 


Recommended for Transfer by the 
Board of Examiners May 3, 1917. 
To Grade of Fellow 


BLACKWELL, Отто B., Transmission and 
Protection Engineer, American Tele- 
Phone & Telegraph Co., New York, 
N. Y, 


To Grade of Member 


ALEXANDER, Harry, Electrical and 
Mechanical Contracting Engineer, 
New York, N. Y. 


АМОВАЕ, ROBERT TURNER, Assistant 


General Manager, Northern Ontario : 


Light & Power Co., Cobalt, Ont. 


Auty, К. A., Sales Engineer, Common- 
wealth Edison Co., Chicago, Ill. 


Davipson, JAMES E., Assistant to the 
President, Omaha Electric Light & 
Power Co., Omaha, Neb. 


DEXTER, Наввів EDWARD, Engineer, 
Industrial Control Dept., General 
Electric Co., Schenectady, N. Y. 


Gray, С. Francis, Industrial Fellow, 
Mellon Institute of Industrial Re- 
Search, Pittsburgh, Pa. 

HALL, CHESTER I., Engineer, Demand 
Meter Dept., General Electric Co., 
Ft. Wayne, Ind. 


MURRAY JOSEPH BRADLEY, Assistant 
General Manager, Edison Electric 
Illuminating Co. of Brooklyn, Brook- 
lyn, N. Y. 

WRAY, EDWARD, Assistant to General 
Manager, Sangamo Electric Co., 
Springfield, Ill. 


Recommended for Transfer by the 
Board of Examiners May 11, 1917. 


To Grade of Fellow 
BLAKE, S. H., Engineer, Supply Dept., 
General Electric Co., Schenectady, 
N. Y. 
CRAIGHEAD, JAMES К., Electrical Engi- 
- neer, Standardizing Laboratory, Gen- 
eral Electric Co., Schenectady, N. Y. 
To Grade of Member 
CRYDER, Ross W., Superintendent, 
Lighting & Power Div., Porto Rico 
Railway Light & Power Co., San 
Juan, Porto Rico. 
KELLER, C. A.. Senior Engineer, Com- 
monwealth Edison Co., Chicago, Ill. 


LESLIE, EDWARD A., Electrical Engi- 
neer, New York, N. Y. 


TRANSFERRED TO THE GRADE OF 
FELLOW MAY 18, 1917 


HEWLETT, E. M., Engineer of Switch- 


board Dept., General Electric Co., | 


Schenectady, N. Y. 


LYNDON, LAMAR, Consulting Engineer, 

, New York, N. Y. 

voN Ккосн, KARL Комоко, Consulting 
Electrical Engineer, Nissen & von 
Krogh, Christiania, Norway. 

YARDLEY, J. L. M., Engineer, Westing- 
house Electric & Mfg. Co., East 
Pittsburgh Pa. 


TRANSFERRED TO THE GRADE OF 
MEMBER MAY 18, 1917 


BLACKBURN, LEONARD A., Electrical 
Engineer, E. I du Pont de Nemours 
& Co., City Point, Va. 

CARR, WALTER DE LANCEY, Assistant to 
Electrical Engineer, United Gas Im- 
provement Co., Philadelphia, Pa. 
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HARVEY, GILBERT А., Electrical Engi- 
neer, Philadelphia Rapid Transit Co., 
Philadelphia, Pa. 


LIsTON, JOHN, Technical Writer and 
Lecturer, Publication Bureau, Gen- 
eral Electric Co., Schenectady, N. Y. 


LIVERSIDGE, Horace P., Operating 
Engineer, Philadelphia Electric Co.. 
Philadelphia, Pa. 


LYLE, FREDERICK W., Electrical Engi- 
neer, Research Laboratory, General 
Electric Co., Lynn, Mass. 


JAMIESON, BERTRAND C., Engineer of 
Inside Plant, Commonwealth Edison 
Co., Chicago, Ill. 


бсотт, Ерсав G., Superintendent of 
Power and Repairs, Ludlow Manu- 
facturing Associates, Ludlow, Mass. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following can- 
didates for election to membership in 
the Institute. Unless otherwise indi- 
cated the applicant has applied for ad- 
mission as an Associate. If the appli- 
cant has applied for direct admission to 
a higher grade than Associate, the grade 
follows immediately after the name. 
Any member objecting to the election 
of any of these candidates should so 
inform the Secretary before June 30, 
1917. 


Allen, N. L. (Member), Mascot, Tenn. 

Austin, B. O., Charlotte, М. C. 

Averbach, J. E., Detroit, Mich. 

Avery, F. B., St. Louis, Mo. 

Badger, H. S., Chicago Heights, Ill. 

Bridgman, A. D., Plainville, Conn. 

Brown, E. A., Cleveland, О. 

Claytor, E. M., East Pittsburgh, Pa. 

Clover, E. B., Detroit, Mich. 

Collins, A. B., Denver, Colo. 

Connell, R., Garwood, М. J. 

Covell, R. A., New Haven, Conn. 

Cregar, S. C., Omaha, Neb. 

Dorsey, O. B., Norwich, Conn. 

Fleisher, W. A., (Member), Philadel- 
phia, Pa. 


PROCEEDINGS OF A. I. E. E. 
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Fleming, E., Port Chalmers, N. Z. 

Forney, R. H., Dallas, Tex. 

Forsyth, A. K., New York, N. Y. 

Fouraker, R. S., East Pittsburgh, Pa. 

Hale, УУ. І., City Point, Va. 

Hamilton, C. P., Schenectady, N. Y. 

Herrmann, L. C., Chicago, Ill. 

Hutchings, F. F., Lynn, Mass. 

junkins, К. D., Midland, Pa. 

King, A. А., Copper НШ, Ariz. 

Kubo, K., Tokyo, Japan 

Landis, C. S., Lancaster, Pa. 

Langstaff, H. A. P., Niagara Falls, N. Y. 

Levy, K., Colon, R. P. 

Lopez, J. А., Banes, Cuba 

Lucas, B. E., Detroit, Mich. 

Maneckj, J. B., Khopoli, India. 

McChesney, A. B., New York, N. Y. 

Meyer, H. V., Wayne, Mich. 

Molitor, F. W., Annapolis, Md. 

Murrell, C. E., New York, N. Y. 

Nickel, L. W., New York, N. Y. 

Nihan, R. E. (Member), Angola, Ind. 

Noome, C., Utrecht, Holland 

Otten, H., Jr., New York, N. Y. 

Perry, D. W., East Pittsburgh, Pa. 

Pike, R. D. (Member), San Francisco, 
Cal. 

Rodgers, C., London, England. 

Roumbanis, D., Toronto, Ont. 

Ryan, F. E., Spokane, Wash. 

Salberg, W. H., Wickliffe, O. 

Sanford, S. B., New York, N. Y. 

ochloth, A. C., W. Lynn, Mass. 

Sherrerd, G., Jr., East Pittsburgh, Pa. 

eimonich, J. L., Midland, Pa. 

Smith, B., Prescott, Ariz. 

Smith, H. E., Boston, Mass. 

Smolens, H., Philadelphia, Pa. 

Strickland, A. L., Portland, Ore. 

Thompson, C. H., Cleveland, О. 

Tinson, H. А., Harrison, М. ]. 

Wade, W. H., Jr., Bluefield, W. Va. 

Welke, К. A., New York, М. Y. 

Westrap, А. T., Sivasamudram, India. 

Whipple, C. L., Great Falls, Mont. 

White, C. W., Rumford, Me. 

Whitney, W., St. Cloud, Minn. 

Wolf, C. W. W., Schenectady, N. Y. 

Wood, B., Hobart, Tasmania 

Wood, H. M., East Pittsburgh, Pa. 

Wright, J. E., Carrizozo, N. M. 

Total 66 


\ 
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STUDENTS ENROLLED MAY 18, 
1917 
8992 Dehler, R. W., Univ. of Wash. 
8993 Wehe, В. A., Univ. of М. D. 
8994 Strand, S., Univ. of N. D. 
8995 Mueller, E.R., BrooklynPoly.Inst. 
8996 Turner, H. R., Wentworth Inst. 
8997 Gefke, J. H., Univ. of Wis. 
8998 Loucks, C. E., Stanford Univ. 
8099 Sinnen, F. E., Univ. of Wis. 
9000 Clark, J. St. C., Univ. of Okla. 
9001 Fuchs, J. W., A & M Coll. of Tex. 
9002 Bridgwater, M. M., A. &M. Coll. 
of Tex. 
9008 Auerbach, B. A., Univ. of Penna. 
9004 Horton, W. S., Jr., Pratt Inst. 
9005 Squibb, W. S., Bucknell Univ. 
9006 Scott, M. H., Pratt Inst. 
9007 Raibourn, P. A., Univ. of Ill. 
9008 Felton, H. N., Univ. of Ill. 
9009 Thomson, N. M., Jr., Lewis Inst. 
3010 Littlefield, M.G., Wentworth Inst. 
9011 Verrall, E. Н., Lewis Inst. 
3012 McCabe, J. H., Mont. State Coll. 
3013 Johnson, W. R., Lewis Inst. 
УМ Boice, W. B., Univ. of Mich. 
9015 Guptill, F. P., Univ. of Wash. 
9016 Shea, H. J., Wentworth Inst. 
917 Раш, А., Jr., М. Y. Elec Sch. 
9018 Lutz, H. F., Univ. of Kans. 
3019 Kietzmann, C. E., Univ. of Kans. 
20 Boyer, J. M., Johns Hopkins Inst. 
9021 Sassano, J. J., Cooper Union 
9022 Waterman, H. E., Univ. of Idaho 
3023 Harris, C. B., Rensselaer Poly.Inst. 
3044 Blunk, A., Univ. of Neb. 
9025 Zabe, F. J., Lewis Inst. 
3026 Taylor, C. C., Colorado Coll. 
3027 Anderton, T. R., М.Н. Coll. 
9028 Kaupman, G. А., Carnegie Inst. 
Tech. 
9029 Griffin, Н. C., Lafayette Coll. . 
9030 Wolf, A. C., Lewis Inst. 
9031 Frisbee, J. E., М. Н. State Coll. 
3032 Gallup, F. D., Tri-State Coll. 
9033 Halpin, C. T., Lehigh Univ. 
34 Brobst, D. R., Lehigh Univ. 
035 Shirk, W. B., Lehigh Univ. 
%36 Pike, V. B., Lehigh Univ. 
37 Wenner, В. S., Lehigh Univ. 
33 Drake, E.C.,Case Sch.Applied Sci. 
39 Runkle, K. H., Iowa State Coll. 


9040 Varney, N. H., Wentworth Inst. 

9041 Herrle, J. N., Jr., Pratt Inst. Tech. 

9042 Barnes, E. C., Univ. of Ill. 

9043 Nakayama, M. Univ. of Ill. 

9044 Hopkins, G. B., Univ. of Ill. 

9045 Holmes, W. M., Ohio State Univ. 

9046 Thomspon, S. W., Univ. of Mo. 

9047 Griswold, W. F., Tri-State Coll. 
of Engineering 

9048 Carter, P. S., Stanford Univ. 

9049 Portunato, E. G., Wentworth Inst. 

9050 Burleigh, A. S., N. H. Coll. 

9051 Nakada, K., Univ. of Ill. 

9052 MacMillan, L. C., Univ. Ш. 

9053 Olsen, О. М., М. Y. Elec. Sch. 

9054 Mulford, H. C., Pratt Inst. 

9055 Kendig, J. E., Penna. State Coll. 

9056 Given, L. E., Armour Inst. 

9057 Rostock, P. G., Ohio Nor. Univ. 

Total 66 


———— 


PERSONAL 

Mr. Victor W. KLIESRATH, for 
many years Chief Engineer of the Bosch 
Magneto Company, has severed his 
connection with that concern. Mr. 
Khesrath was largely instrumental in 
bringing the starting and lighting 
equipment up to the present high stand- 
ard. 


ARTHUR T. WARD formerly addressed 
c/o Braden Copper Company, Ran- 
cagua, Chile, 1$ now residing at Belle- 
fonte, Pennsylvania. 


ACCESSIONS TO LIBRARY 


This list includes books which have been pre- 
sented to the library of the A. I. E. E. and the 
U. E. S. during the past month, not including 
periodicals and other exchanges. 

Canada. Department of the Interior. Dominion 
Water Power Branch. Annual Report 
1915-16. Ottawa, 1917. (Gift of Canada. 
Minister of the Interior.) 

Los Angeles, Cal. Board of Public Utilities. 
Annual Report 7th, 1915-16. (Gift of Board 
of Public Utilities.) 

Maryland. Public Service Commission. Report. 
1916. Baltimore, 1917. (Gift of Public 
Service Commission.) 

Nouvel Essai d'unification des РЕёпотёпеѕ 
naturels. By Alfred Lartigue. Paris, 1916. 
(Gift of Gauthier-Villars et Cie.) 


"p 


172 


On the Acoustic Efficiency of Fog-Signal Machin- 
егу. By L. V. King. (Reprinted from 
Journal of the Franklin Institute, March, 
1917.) (Gift of author.) 

Pennsylvania Glaciation first phase. 
Williams, Jr. 
of author.) 

Problems concerning the accident and health 
insurance business. Ап address before the 
Insurance Society of New York. By J. T. 
Stone. Jan. 16, 1917. (Gift of Insurance 
Society of New York.) 

Steam boiler and fly wheel lines of insurance; 
their distinguishing features, their import- 
ance, and their growth and development. 
An address delivered before The Insurance 
Society of New York, Apr. 1l, 1916, by 
Lyman B. Brainerd. (Gift of Insurance 
Society of New York.) 


By E. H. 
Woodstock, Vt., 1917. (Gift 


UNITED ENGINEERING SOCIETY 


American Society of Civil Engineers. Constitu- 
tion and List of Members. February, 1917. 
New York, 1917. (Gift of A. S. C. E.) 

American Uniform Boiler Law Society. Соп- 
densed report of the American Uniform 
Boiler Code Congress, Washington, Dec. 4-6, 
1916. Erie, Pa., 1916. (Gift of Society.) 

Apportionment of railroad expenses and prop- 
erty valuesonbasis of use. By A. M.Sakolski. 
(Reprint from the Journal of Accountancy 
Aug. 1916.) (Gift of author.) 

Aquabar Company. Concrete tile roofing. De- 
scriptive catalogue. Philadelphia, n.d. ' 

——Specifications No. 11, covering the use of 
No. 1 compound in waterproofing mass con- 
crete for foundation walls, subways, etc. 

No. 12. covering the use of No. 1 compound 

in waterproofing masonry and concrete walls 

and floors with cement plaster coat for foun- 
dation walls, floors, etc. 

No. 15, covering the use of No. 1 compound 

for waterproof cement stucco on brick and 

hollow tile walls. (Gift of Aquabar Com- 
pany). 

А Schedule of Civic Surveys. By A. C. Comey. 
(Bulletin No. 5, May 1916, Commonwealth 
of Massachusetts.) (Gift of author.) 

Brachyceratops. А  ceratopsian dinosaur 
from the two medicine formation of Mon- 
tana. (U. S. Geological Survey.  Profes- 
sional Paper 103). Washington, 1917. 

Bureau of Railway Economics. List of Refer- 
ences on Valuation of Railways, Aug. 1, 1916. 
Washington, 1916. (Gift of Bureau of Rail- 
way Economies.) 

Carnegie Library of Pittsburgh. Classi- 
fied Catalogue. 1907-11, vols. 6-8. Pitts- 
burgh, 1914. (Gift of Carnegie Library of 
Pittsburgh.) : 

City Manager and City Engineer- Manager. 


Plans of Municipal Government. By Ken- 
yon Riddle. Abilene, Kansas, n.d. (Gift of 
author.) 


Characteristics of Uniflow-Engine Generating 
Units. By E. Hagenlocher. (Reprint from 


PPOCEEDINGS OF A. I. E. Е. 


[June 


Electrical World, Feb. 10, 1917). 
author.) 

Cost Keeping and Construction Accounting. By 
E. Ed. Ross. Salem, Ore., 1917. (Gift of 
author.) 

Design and Construction of the Massachusetts 
Institute of Technology Buildings. By San- 
ford E. Thompson. (Reprinted from Ameri- 
can Concrete Institute, July 1915.) (Gift 
of S. E. Thompson.) 

Electric Power Club. Constitution, Executive 
staff, member companies. By-laws. Ed. 10, 
1917. Chicago, 1917. (Gift of Club.) 

Engineers Club of Boston. By-laws, officers and 
list of members. Apr. 2, 1917. (Gift of 
Club.) 

Experimental Engineeiing and Manual for Test- 
ing. By R. C. Carpenter. Ed.6. New York 
John Wiley & Sons, 1907. (Gift of Pub- 
lisher.) 

Federal Valuation of Common Carriers. By J. P. 
Nelson. п. р. 1916. (Gift of Clemens Her- 
schel.) 

Federal Valuation of the Railroads in the United 
States. Statement prepared by H. C. Phil- 
lips, general Secretary, of the developments 
in connection with Federal Valuation, as of 
April 20, 1917. (Gift of Clemens Herschel.) 

Federal Valuation of the Railroads in the United 
States. Circular communication to the. 
chairmen of valuation committees, in refer- 
ence to the supplement to Interstate Com- 
merce Commission valuation order No. 7— 
schedules of land. April 10, 1917. (Gift of 
Clemens Herschel.) 

Grouping of Public Buildings and Gardens, with 
adjoining water front, excursion docks and 
union station for the City of Buffalo. 
Buffalo, n.d. (Gift of George Cary.) 

Interstate Commerce Commission. Hearings 
before, on March 19-24, 26-31, 1917. (Gift 
of Clemens Herschel.) 


(Gift of 


Massachusetts. Department of Weights and 
Measures. Measurements for the House- 
hold. Ed. 2, Jan. 1917. Boston, 1917. 


(Gift of Department of Weights & Measures) 
McClintic Marshall Construction Company. 
Report on the claim against the Isthmian 
Canal Commission, submitted to the Senate 
pursuant to act of Congress of June 24, 1914. 


By G. W. Goethals. Washington, 1916. 
(Gift of Panama Canal Press.) 

New York State Engineer and Surveyor. Annual 

5 Report vol. I, 1916. Albany, 1917. (Gift 
of State Engineer & Surveyor.) 

Progress of Federal Valuation. By A. M. 


Sakolski. 
Public Office. 
Point of View. By John J. Hopper. 


(Gift of author.) 
From a Civil Service and Business 
Albany, 


1917. (Gift of Register of New York 
County.) 

Pueblo, Colo. City Controller. Annual State- 
ment, 1916. Pueblo, 1916. (Gift of City 


Controller.) 
Railway Statistics of the United States of Amer- 
ica, 1916, compared with the official reports 


< 


1917| 


for 1915 and recent statistics of foreign rail- 
ways. By Salson Thompson. Chicago,1917. 
(Gift of author.) 

Rules for docking vessels in dry docks belonging 
to the Panama Canal. Mount Hope, 1916. 
(Gift of Panama Canal Press.) 

Some Comments on Federal Valuation of Com- 
mon Carriers. By J. P. Nelson. (Spoken 
before the Richmond Railroad Club, Feb. 12, 
1917). (Gift of Clemens Herschel.) 

Trus-Con Laboratories. Architects specifica- 
tion hand book of waterproofing, damp- 
proofing, technical paint, etc. Detroit, n.d. 
(Gift of Trus-Con Laboratories.) 

Trussed Concrete Steel Company. Kahn Road 
Book devoted to concrete roads and pave- 


ments. Youngstown, 1916. (Gift of 
Trussed Concrete Steel Co.) 
Valuation of Railroad Right-of-way. By A. M. 


Sakolski. (Reprinted from American Econo- 
mic Review, June, 1916.) (Gift of author.) 


Wallace & Tiernan Company, Inc. Prctecting 
the Water Supply of Greater New York. 
New York, 1916. 

— —The cost Hypochlorite vs. Liquid chlorine 
New York, 1916. (Gift of Company.) 
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GIFT OF CARLETON GREENE 


Collins, John. Explorations in Central America 
(From Proceedings Royal Geographical 
Society of London, 1867). 

Couvreux, A. & Hersent, H. Les nouvelles in- 
stallations maritimes du Port d'Anvers. 
Paris, 1879, 1880. 

De Rouchmont, Quintette. 
Havre. Paris, 1875. 

New York Board of Water Commissioners. 
Brooklyn Water Works and Sewers. A 
descriptive memoir. N. Y., 1867. 

Reynaud, Léonce Memoir upon the illumination 
and beaconage of the coasts of France. 
Wash., 1876. 

U. S. Department of State. Reports upon the 

survey of the boundary between the territory 

of the United States and the possessions of 

Great Britain from the Lake of the Woods 

to the Summit of the Rocky Mountains. 

Wash., 1878. 

Joint maps of the northern boundary of the 

United States from the Lake of the Woods 

to the Summit of the Rocky Mountains. 

Williams, J. J. Isthmus of Tehuantepec, N. Y.. 
1852. 


Notice sur le port du 


EMPLOYMENT BULLETIN 


Vacancies 


Т he Institute is glad to learn of desirable vacancies from responsible 


sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 

during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 

not later than the 20th of the month if publication in the following issue is de- 


sired. 
mailed to Institute headquarters. 


VACANCIES 


V-243. Wanted: Young technically 
trained men to take up engineering 
work in connection with telephone 
transmission and equipment problems. 
State age, educational advantage, ex- 
perience, present occupation and salary 
expected. 


V-244. Opportunities for recent tech- 
nical graduates in laboratory develop- 
ment work along telegraphic signalling 
lines. Good future for the right men. 
Give particulars of training and exper- 
ience, if any, and salary desired. 

V-245. Large holding company 
wishes to take on several young tech- 
nical graduates for drafting in connec- 
tion with power plant and substation 


All replies should be addressed to the number indicated in each case, and 


layouts. Men preferred with several 
years’ experience, particularly along 
electrical lines, who are qualified to 
follow up the plans with execution of 
the work. Unlimited opportunity for 
advancement. Advise in detail exper- 
ience and salary required. 


V-246. Wanted: Electrical Drafts- 
men for high-tension station and sub- 
station design; excellent working condi- 
tions with good future. Address P. O. 
Box 1902, Philadelphia, Pa. 


MEN AVAILABLE 


763. Assoc. A. I. E. E., desires 
position as plant engineer. Knowledge 
of general factory planning, arrange- 
ment of machine tools, motor applica- 
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tions, piping and powerhouse work. 

Thoroughly conversant with concrete 

foundation construction, carpentry, 

bricklaying and rigging. : 
764. Man with broad sales and 


engineering experience will consider and 
accept a proposition as manager or in 
the above capacity. Ап appointment 
would be preferred to correspondence as 
results can be shown. 


765. Manager or Superintendent 
for industrial or power company, wants 
better position. Now іп responsible 
charge of design of large chemical plant 
and other consulting work. Familiar 
with modern business and efficiency 
methods and engineering of chemical, 
electrical, steam and hydraulic plants. 
Present salary $3,000. 


766. Superintendent of construction 
and operation; several years' operating 
large hydroelectric plants and with 
manufacturing experience, desires posi- 
tion in United States or abroad. 


767. Fuel 15 the big item. Engineer, 
who is saving present employers $6,000 
per year in their boiler room, is seeking 
position as chief engineer of larger plant, 
or as superintendent of light and power 
property. 

768. Electrical technical ‘graduate, 
at present in the testing department of 
General Electric Co., desires position 
with a growing electric company. 
Construction work preferred, although 
any department with chance for ad- 
vancement will be acceptable. 


769. Electrical Engineer, technical 
graduate. Three years' operating, test, 
general shop preparation and erecting 
engineer, large manufacturing company; 
three years in responsible positions over 
operation of steam and hydroelectric 
stations and high-tension transmission 
system. Engaged outside of States and 
available for change of position. Public 
utility field preferred. 


770. Electrical engineering graduate 
1915, age 25, married; desires position 
with either a consulting engineer or 
manufacturing company іп the vicinity 
of Chicago or farther west. | Since 
graduation has had one year of operat- 
ing and construction work and for the 
past year has been employed in the 
design of large generating and sub- 
stations. 


771. American, 34, technically 
trained, married; returning from South 
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America June 1, wishes position as con- 
struction superintendent or as electrical 
engineer and master mechanic of large 
industrial organization. Thirteen years' 
experience covering all branches of 
electrical work and layout and upkeep 
of manufacturing machinery. Will 
report anywhere for personal interview. 


772. Thoroughly competent steam 
efficiency engineer. Technical graduate, 
with -operating experience іп large 
generating stations. Wishes position as 
assistant to superintendent of operation. 
Pacific Coast only. 


773. Electrical and Mechanical En- 
gineer of fifteen years' successful prac- 
tical experience; can design, supervise 
or organize original or new work, 
where initiative, tact and perseverance 
are required. Temperamentally quali- 
fied to adapt self to various personnel 
within or without an organization. Ат 
present employed, but desires new con- 
nections where there is ample oppor- 
tunity to produce results. 


774. Engineer-Executive. I am 32, 
and married. I am employed. Гат a 
university graduate in electrical engi- 
neering (1908), and I am enrolled in the 
“Modern Business Course" with the 
Alexander Hamilton Institute. I have 
had eight years’ engineering, manufac- 


turing and executive experience. I am 
available on four weeks’ notice. Mini- 
mum salary— $2500 per year. 

775. "Transformer Engineer. Tech- 


nical graduate, with four years' exper- 
ience with General Electric Co., in 
testing and transformer engineering 
department, and two years in charge of 
transformer design with smaller com- 
pany, desires a change. Familiar with 
latest types; competent and resourceful, 
andstrictly reliable. Age 31 and married. 


776. Graduate in electrical engi- 
neering, correspondence school course. 
Eight years in charge electrical con- 


struction for engineering firm; two 
years operating in substation; two 
years’ power plant operation. Desires 


position where past experience may be 
of service. 


777. Competent Engineer, executive 
ability, many years’ experience with 
telephone, telegraph, wireless, electric 


lighting and power work, desires posi- 
tion with good concern in the Middle 
West. 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 
(Term expires July 31, 1917) 


H. W. BUCK 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1917) 
PAUL M. LINCOLN 


(Term expires July 31, 1918) 
JOHN J. CARTY 


VICE-PRESIDENTS. 


(Term expires July 31, 1917) 
C. A. ADAMS 

J. FRANKLIN STEVENS 
WILLIAM McCLELLAN 


(Term expires July 31, 1918) 
B. A. BEHREND 

P. JUNKERSFELD 

L. T. ROBINSON 


MANAGERS. 
(Term expires July 31, 1917) (Term expires July 31, 1918) 
FREDERICK BEDELL F. B. JEWETT 
BANCROFT GHERARDI JOHN B. TAYLOR 
A. S. McALLISTER HAROLD PENDER 
JOHN H. FINNEY 
(Term expires July 31, 1919) (Term expires July 31, 1920) 
C. E. SKINNER CHARLES S. RUFFNER 
JOHN B. FISKEN CHARLES ROBBINS 
N. A. CARLE 
TREASURER (Term expires July 31, 1917) SECRETARY. 


GEORGE A. HAMILTON 


HONORARY SECRETARY. 
RALPH W. POPE 


F. L. HUTCHINSON 


LIBRARIAN. 
W. P. CUTTER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.— 1884-1916. 


*NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8 
EDWARD WESTON, 1888-9. 

ELIHU THOMPSON, 1889-90 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92 
PRANK JULIAN SPRAGUE, 1892.3. 
*EDWIN J. HOUSTON, 1893-4-5. 
'LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897.8. 
А. E. KENNELLY, 1898-1900. 

CARL HERING, 1990-1. 

CHARLES P. STEINMETZ, 1901-02 


*Deceased. 


CHARLES Е. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4 
JOHN W. LIEB, 1904-5 
SCHUYLER SKAATS WHEELER, 1905-6 
SAMUEL SHELDON, 1906-7 
*HENRY G. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 
C. О. MAILLOUX, 1913-14. 
PAUL M. LINCOLN, 1914-15. 
JOHN J. CARTY, 1915-16. 
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INSTITUTE COMMITTEES. 4 


Revised to June 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
H. W. Buck, Chairman, 
49 Wall Street, New York. 
М. А. Carle, George А. Hamilton, 
[ора Н. Finney, William McClellan, 
ancroft Gherardi, J. Franklin Stevens. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1320 Chestnut Street, Philadel hia, Pa. 
N. A. Carle, Bancroft Gherardi. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman, 
General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, W. E. and M. Co. East 
Pittsburgh, Pa. 


Frederick Bedell, F. W. Peek, Jr. 
Philander Betts, F. L. Rhodes, 
H. H. Clark, 2 D. W. Roper, 

. G. De Remer, Harris J. Ryan, 

. А. Ногпог, T. Н. Schoepf | 
Edward P. Hyde, Charles P. Steinmetz, 
L. E. Imlay, N. W. Storer, 


E. H. Martindale, Wilfred Sykes. 


EDITING COMMITTEE. 
W. I. Slichter, Chairman, 
Columbia University, New York. 
Frederick Bedell, L. T. Robinson, 
M. G. Lloyd, C. E. Skinner. 


CODE COMMITTEE. 
Farley Osgood, Chairman, 
763 Broad Street, Newent N. J. 


J. С. Forsyth, Sargent, 

H. B. Gear, С.А. Sawin, 

A. H. Griswold, A. M. Schoen, 

H. O. Lacount, George F. Sever, 

Jonneron Livingston, C. E. Skinner, 
enry N. Muller H. S. Warren. 


BOARD OF EXAMINERS. 
. S. McAllister, Chairman, 
“261 W. 23rd Street, New York. 
. B. Katte, W. I. Slichter, 
5-1 Rhodes, Philip Torchio. 


SECTIONS COMMITTEE. 
W. А. Hall, Chairman, 
General Electric Company, West Lynn, 
J. G. De. Reiner, A.M 
Paul M. Lincoln, : У, 
and the chairmen of all "Institute Sections, 
ex-officio. 


MEMBERSHIP COMMITTEE. 
Harold Goodwin, Jr., Chairman, 
1000 Chestnut' Street, Philadelphia, Pa. 
G. M. Baker, W. G. Chace, 
S. H. Blake, H. W. Flashman, 
E. Н. Martindale. 
and the chairmen of the Membership Committees 
of all Sections. 


PUBLIC POLICY COMMITTEE. 
Calvert Townley, Chairman, 

165 Broadway, New York. 
E. A. Carolan, A. M. Hunt, 
John J. Carty, William McClellan, 


тш > 


Mass. 


Fredk. Darlington, H. H. Porter, 
Gano Dunn, C. S. Ruffner, 
John B. Fisken, А. М. Schoe 1, 


L. B. Stillwell, 


COMMITTEE ON DEVELOPMENT OF 
WATER POWER 
John Н. Fianey, Chairman, 
шоо Metropolitan Bank Buildinz, Washing- 


F. O. Blackwell, ‚ Nicholas S. Hill, Jr., 
Francis Blossom , i i Lof, 
Gano Dunn, N. '"Powelson, 


L. B. Stillwell. 


STANDARDS COMMITTEE. 
C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary 
University of Бин ч ,Philadelphia, Pa. 


P. G. Agnew, Hobart, 
Frederick Bedell, . D. je 
Joseph Bijur, р. Jun ersfeld, 
Blume, A. Kennelly, 
James Burke, G. L. Knight, 
G. A. Burnham, А. S. McAllister, 
N. A. Carle, W. M. McConahey, 
E. J. Cheney, W. L. Merrill, 
H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 
W. А. Del Mar, C. E. Skinner, 
E. J. Edwards, А. J. Slade, 
H. W. Fisher, N. W. Storer, 
W. S. Gorsuch, R. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 

20 Nassau Street, New York. 
. B. Crocker, Vice-President, 
. E. Kennelly, Secretary, 

Harvard University, Cambridge, Mass. 
. А. Adams, M Pupin, 
. A. Behrend, E. B. Rosa, 
Louis Bell, Charles F. Scott, 
James Burke, Clayton H. Sharp, 
John ]. Саму, Samuel Sheldon, 
Gano Dunn, C. E. Skinner, 


DO >I 


Н. M. Hobart, Charles P. Steinmetz, 
John W. Lieb, Elihu Thomson, 
R. B. Owens, Philip Torchio. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, Charles А. Terry, 
John F. Kelly, B. F. Wood, 


EDISON MEDAL COMMITTEE. 


A p pointed by the President for terms of five years. 


Term expires July 31, 1917. 
A. E. Kennelly, сто Robert T. Lozier, 


С. McMeen. 
Term expires ERA 31, 1918. 
H. W. Buck, Scheffler, 


J. Franklin’ е 


Тегт ехрігеѕ July 31, 1919. 
Charles F. Brush, Storer, 
Cue: салар 


Term expires July 31, 1920. 
Carl Hering, Harris J. Ryan. 


Term expires July 31, 1921. 
W. C. L. Eglin, Bancroft Gherardi, 
W. Rice, Jr. 


Elected by the Board of Directors from its own 
membership for terms of two years. 


Term expires July 31, 1917. 
B. A. Behrend, aul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 
C. A. Adams, Harold Pender, 
C. E. Skinner. 


Ex-Officio. 
H. W. Buck, President, 
George А. Hamilton, Treasurer, 
L. Hutchinson, Secretary. 


1917] INSTITUTE AFFAIRS | 177 


TECHNICAL COMMITTEES. 
Revised to June 1, 1917. 


POWER STATIONS. 


J. G. De Remer, Chairman, 
55 Liberty Street, New York. 


J. M. Drabelle, S. A. Moss, 

C. C. Egbert, R. J. S. Pigott, 

W. S. Gorsuch, Cecil Poole, 

John Harisberger, E. F. Scattergood, 
À. H. Kruesi, Е. A. Scheffler, 


W. R. Thompson, 
Philip Torchio, 
E. Moultrop, H. L. Wallau, 

B. F. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 
pe Falls Power Co., Niagara Falls, N. Y. 


Н. А. Barre, P. M. Lincoln, 
M. T. Crawford, W. E. Mitchell, 
E. E. F. Creighton, G. J. Newton, 
Н. H. Dewey, L. C. Nicholson, 
P. M. Downing, W. D. Peaslee, 
Н. W. Fisher, Stefaan Piek, 

P. A. Gaby, . C. S. Ruffner, 
W. T. Goddard, H. J. Ryan, 

0. А. Havill, Е. Sampson, 
R. F. Hayward, H. E. Shedd, 

J. P. Jollyman, Julian C. Smith, 


P. H. Thomas. 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman. 
Westinghouse E. & M. Co., East Pittsburgh, Pa. 


Harry H. Adams, P. J. Kearny, 

А. Н. Babcock, William McClellan, 

Reinier Beeuwkes, John Murphy, 
lair, W. B. Potter, 

L. P. Crecelius, E. D. Priest, 

J. V. B. Duer, Charles H. Quinn, 

George. Gibbs, Clarence Renshaw, 
. Harvie, A. S. Richey, 

Hugh Hazelton, Charles F. Scott, 

E. B. Katte, ohn B. Taylor, 


H. S. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
ue Carbon Co., Cleveland, Ohio. 


. оре, С.А . Johnstone, 

J. H. Davis, C. A. Kelsey, 
James Dixon, C. L. Kennedy, 
А. M. Dudley, Charles D. Knight, 
Herbert D, Dwight, A. H. Lawton, 
В. W. Ells A. M. MacCutcheon, 

. E. Fries, A. G. Pierce, 

. R. Fishback, james M. Smith, 
К. Ж Goodwillie, Weichsel, 

. Hadley, J. В. Wiard, 


R. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. H yde, сак 
Nela Park, Cleveland, О 


. Ch hamberlin, Ri hard C. Powell, 
C. E Clewell, Rosa, 
‚К. Cravath, D'A. Ryan, 
‚ 5. Perkins, Cu on H. Sharp, 
W. M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE. 


Philander Betts, Chairman, 
Broad Street, Newark, N. J. 


Harold Almert, A. H. Kruesi, 
M H. Blood, Jr. William McClellan, 
red А, ean, Norman C. McPherson, 


H. Allard Smith, 
Harry Clifford Eddy, W. С. Vincent, 
В. Jackson, George W. Wittemore, 
"Clifton. W. Wilder 


PROTECTIVE DEVICES. 
D. W. Roper, Chairman, 
72 W. Adams St., Chicago, ЇЇ. 


L. L. Elden, A. А. шоо 

G. Faccioli, L. C. Nicholson, 

V. E. Goodwin, N. L. Pollard, 

E. M. Hewlett, S. D. Sprong, 

Paul M. Lincoln, Puno orchio, * 
H. R. Woodr 

ELECTROCHEMISTRY AND ELECTRO- 

METALLURGY. 


T. H. Schoepf, Chairman, 
W. E. and M. Co., East Pittsburgh, Pa. 


Wesley J. Beck, F. G. Liljenroth, 

F. A. J. Fitzgerald, Eugene F. Roeber, 

А. Ғ. Ganz, . А. Seede, 

F. A. Lidbury, . Tencher. 
ELECTROPHYSICS. 


F. W. Peek, Jr., Chairman, 
General Electric Company, Pittsfield, Mass. 


Frederick Bedell, E. B. Rosa, 

A. C. Crehore, Harris J. Ryan, 
G. Faccioli, . Clayton H. Sharp, 
C. L. Fortescue, C. P. Steinmetz, 
W. S. Franklin, P. H. Thomas, 

А. Е. Kennelly, J. B. Whitehead. 


TELEGRAPHY AND TELEPHONY. 


F. L. Rhodes, Chairman, 

195 Broadway, New York. 
E. F. W. Alexanderson, Kempster B. Miller, 
R. E. Chetwood, H. Mouradian, 
M. M. Davis, W. O. Pennell, 
C. L. Fortescue, Allard Smith, 
H. M. Friendly, John S. Stone, 
F. B. Jewett, John B. Taylor, 
S. M. Kintner, J. L. Wayne, 3rd. 
W m. Maver, Jr., G. M. Yorke, 

MARINE. 


Н.А. Hornor, Chairman, 
Hamilton Court, 39th & Chestnut Sts., Phila- 
delphia, Pa. 
D. M. Mahood, Secretary, 
Sperry Gyroscope Company, 
Manhattan Bridge Plaza, Brooklyn, N. Y. 


R. B. Chillas, Jr., Guy Hill, 
M. W. Day, O. P. Loomis, 
G. E. Edgar, | С. А. Pierce, Jr., 
W. L. К. Emmet, H. M. Southgate, 
W. R. Furlong, E. А. Sperry, 
H. L. Hibbard, Wilfred Sykes, 

. F. W. Wood. 


COMMITTEE ON USE OF ELECTRICITY 
IN MINES 


H. H. Clark, Chairman, 
U Bureau of Mines, 
40th & Butler Streets, Pittsburgh, Pa. 
Frank E. Alexander, L. C. Ilsley, 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, Charles Legrand, 
W. A. Chandler, Charles M. Means, 
F. J. Duffy, K. A. Pauly, 
2 Н. M. Warren. 


IRON AND STEEL INDUSTRY. 
Wilfred Sykes, Chairman, 
Box 242, East Liberty, Pa. 


S. C. Coey, A. G. Pierce, 

F. B. Crosbv, J. C. Reed, 

E. Friedlaender, R. Tencher, 

E. S. Jeffries, Brent Wiley, 

D. M. Petty, R. B. Williamson 
J. H. Wilson. 


EDUCATIONAL COMMITTEE. 
W. I. Slichter, Chairman. 

Columbia University, New York. 
Alexander Gray, William McClellan, 
E. J. Henkhe, Chester W. Rice, 
E. А. Loew, C. E. Skinner 

R. D. Thomson. 


... 
= 70. 


ma: 


FORES ERE ЕРКЕ ТЕКЕ ТЕКЕ NE АР еее тесте CIA асан en ME 


178 


PROCEEDINGS OF А. I. E. E. 


[June 


SPECIAL COMMITTEES. 


Revisel to June 1, 


REORGANIZATION OF TECHNICAL COM- 
М MITTEES. 


L. T. Robinson, Chairman, 
General Electric о m 
F. L. Hutchinson, Norris, 
A. S. McAllister, Franklin Stevens, 
. N. W. i. 


COMMITTEE ON STUDENT BRANCHES. 


C. W. Green, Chairman, 
Massachusetts Institute of Technology, Boston, 


Mass. 
Alexander Gray, Е. А. Loew, 
C. Francis Harding, W. 5. Rodman, 
C. F. Scott. 
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COMMITTEE ON NATIONAL DEFENSE 


John H. Finney, Chairman, 


599 Metropolitan Bank Building, Wash- 
ington, D. C. 
F. C. Bates, Secretary, 
30 Church Street, New York, 
B. J. Arnold, D. C. Jackson, 
A. H. Babcock, John W. Lieb, 
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J.J. Carty J. Franklin Stevens. 
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A. H. Babcock, 
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John F. Kelly, 
A. S. McAllister, 


Schuyler Skaats Wheeler. 
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C. O. Mailloux, John J. Carty. 
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ENGINEERING SOCIETY. 
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ENGINEERING SOCIETY. 
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Edward Caldwell. 
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FOR THE ADVANCEMENT OF SCIENCE, 
W. S. Franklin, G. W. Pierce. 
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TIONAL ENGINEERING SOCIETIES. 
Calvert Townley, William McClellan, 
John J. Carty. 
ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 
Charles F. Scott, Samuel Sheldon. 

ON NATIONAL JOINT COMMITTEE ON 
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Farley Osgood, F. B. H. Paine, 
Percy H. Thomas. 
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INTERNATIONAL ILLUMINATION 
COMMISSION. 
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F. B. Jewett. 
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Michael I. Pupin. 
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Benjamin С. Lamme, Frank J. Sprague. 
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Gano Dunn, William McClellan, 
John H. Finney, Charles W. Stone. 
Calvert Townley. 


ON JOINT COMMITTEE ON METRIC 
SYSTEM. 


A. E. Kennelly, 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, N. A. Carle, 
P. Junkersfeld. 
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T. P. Strickland, N. S. W. Government Railways, 

Sydney, N. S. W. 
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. A. Herdt, McGill Univ., Montreal, Que. 
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A. S. Garfield, 45 Boulevard Beausejour Paris, 

16 E., France. 

Harry Parker Gibbs, Tata Hydroelectric Power 

Supply Co., Ltd., Bombay, India. 

John W. Kirkland, Johannesburg. South Africa. 


ENGINEERING SECTION OF THE COM- 
MITTEE ON SCIENCE AND RESEARCH, 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE 

H. W. Buck, C. A. Adams. 


COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, Charles F. Scott. 
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Revised to June 1, 1917. 


Name and when Urganized Chairman Secretary 
АЧаша............... Me Сы 19, '04 | A. M. Schoen H.E.Bussey,3d Nat. Bk. Bldg.Atlanta,Ga. 
Baltimore іш ес. 16, 04 | J. B. Whitehead L.M.Potts,Industrial Bldg., Baltimore, Md. 

MOM ————— .. Feb. 13, 703 | Geo. A. Burnham | Ira M.Cushing,84 State St., Boston, Mass. 
СЫсаго......................1893 | Taliaferro Milton | W. J. Crumpton, 111 W. Monroe St., 

Chicago, Ill. 
Cleveland.............Sept. 27, 07 | E. W. P. Smith Bruce W. David, Lincoln Electric Co., 
Cleveland, Ohio. 
Denver............... May 18, '15 | H. S. Sands Robert B. Bonney, 806 Telephone Build- 
ў ing, Denver, Colo. 

Detroit-Ann Arbor..... Тап. 13, '11 | А.А. Meyer А. P DR 433 West Forest Ave., Detroit, 
Fort Wayne........... Aug. 14, '08 | J. J. Kline R. B. Roberts, G. E. Co., Fort Wayne, Ind. 


Indianapolis- Lafayette. .Jan. 12, '12 | J. L. Wayne, 3rd | C. А. Cora, care Central Union Tel. Co. 
ee eee Ind. 

И№аса................ Oct. 15, '02 | В. Bedell William Deans, Frank]in Hall, Cornell 
Univ., Ithaca, N. Y. 

Kansas City, Mo.......Apr. 14, '16 | A. A. Thompson | Glenn О. Brown, 5519 Tracy Ауе., Kansas 


aty, Mo. 
Los Angeles........... May 19, '08 | R. H. Manahan Carl E. Johnson, 459 East Third Street, 
Los Angeles, Cal. 
Lynn ЭРЭЭ ады Ы Aug. 22,711 | Gordon Campbell | M. B. Carroll, С. E. Co., West Lynn, Mass 
Madison SO MOERS an. 8, '09 | Е. А. Kartak Г. Е.А. Kelso, University of Wisconsin, 
Мехсо............... ес. 13, 707 Madison, Wis. 
Milwaukee............Feb. 11, 10 | В. W. Ells H. P. Reed, Cutler-Hammer Mfg. Co., 
. Milwaukee, Wis. 
Minnesota............ Apr. 7. '02 | R. J. S. Carter Vernon S. Beck, Beck Elec. Const. Co., 
Minneapolis, Minn. 
Panama ......Ос%. 10, '13 | Earl J. Atkisson C. W. Markham, Balboa Heights, C. Z. 
Philadelphia... "er Feb. 18, '03 | H. P. Liversidge W. F. James, 14th Floor, Widener Bldg., 
7 | Philadelphia, Pa. 
Pittsburgh............ Oct. 13, '02 | G. C. Hecker F. E. Wynne, W. E. and M. Company, 
. East Pittsburgh, Pa. 
Pittsfield..............Mar. 25, '04 | V. E. Goodwin E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 
Portland, Оге.......... May 18, '09 | L. T. Merwin J. C. Martin, 1220 Spalding Bldg., Port- 
5 land, Oregon. 
Rochester............. Oct. 9, '14 | O. W. Bodler J. W. Morrison, Rochester Telephone Co., 
Rochester N. Y. 
St. Louis. ............ Jan. 14, '03 | A. McR. Harrelson| Н. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo. 
San Francisco......... Dec. 23, '04 | J. E. Woodbridge | А. С. Jones, 811 Rialto Building, San 
Francisco, Cal. 
Schenectady........... Jan. 26, '03 | C. E. Eveleth H. L. Andrews, General Electric Company 
Schenectady, N. Y. 
ЗеаШе................]ап. 19, '04 | C. E. Magnusson | С. Е. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Зрокапе.............. Feb. 14, '13 | О. F. Henderson | С. M. Fisher, Washington Water Power 
Company, Spokane, Wash. 
Toledo................June 3, 07 | W. E. Richards Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, Ohio. 
Тогопіе............... Sept. 30, '03 | E. T. J. Brandon Wills. Maclachlan, 910 Excelsior Life 
. Building, Toronto, Ont. 
Огђапа............... Nov. 25, '02 | I. W. Fisk L. V. James, Univ. of Illinois, Urbana, Ill. 
Vancouver............ Aug. 22, '11 | R. F. Hayward T. H. Crosby, Canadian Westinghouse Co. » 
1 Vancouver, B. C. 
Washington, D. С...... Apr. 9, '03 | Arthur Dunlop Louis G. Freeman, U. S. Geological Sur- 


vey, Washington, D.C 


LIST OF BRANCHES 


Name and when Organized Chairman Secretary 


Agricultural and Mech. 


Total 33 


College of ак ;...Моу. 12, 709 | M.M.Bridgewater| L. Е. Tighe, College Station, Tex. 
Alabama Poly. Inst... .. Nov. 10, '16 | W. W. НШ L. I. Davis, Auburn, Ala. 
Alabama, Univ. of...... Dec. 11, '14 | Gustav Wittig А. Е. Frazer, University, Ala. 
Arkansas, Univ. of..... Mar. 25, '04 | А. L. Wilson W. L. Teague, University of Arkansas, 
Fayetteville, Ark. 
Armour Institute....... Feb. 26, '04 | Ralph H. Earle Harold A. Kleinman, 7743 Burnham 


Avenue, Chicago, ПІ. 

Brooklyn Poly. Inst.....Jan. 14, '16 | Paul С. Wehle Robert Davie, The Polytechnic Insti- 
tute, Brooklyn, N. Y. 

Bucknell University. ...May 17, '10 | А. W. Hatfield C. C. Gillette, Phi Gamma Delta House, 
Bucknell University, Lewisburg, Pa. | 

California, Univ. of... .. Feb. 9, '12 | Bradley B. Brown Hu Eget. и of California, 

erkeley, Ca 

Carnegie Inst. of Tech.. May 18, '15 | E. G. Peterson B. С. Dennison, Carnegie School of Teck» 

nology, Pittsburgh, Pa. 


Cincinnati, Univ. of..... Apr. 10, '08 | R. L. Utley H. V. McCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio. 
Clarkson Col. of Tech...Dec. 10, '15 | H. H. Plank Philip R. Cloke, Clarkson College of 
Technology, Potsdam, N. 
Clemson Agricultural Col. Nov. 8, '12 | Р.Н. Banks W. H. Neil, Clemson College, S. С. 
Colorado State Agricul- 
tural College........ Feb. 11, 10 | Н. W. McKinley | Е. G.cStiers, Colorado State Agricultural 


College, Fort Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name and when Organized 


Colorado, Univ. of.....Dec. 16, '04 
Georgia School of Tech- 
nology.............. June 25, '14 
Highland Park College.Oct. 11, '12 
Idaho, Univ. of........ June 25, '14 
Iowa State College....Apr. 15, '03 
Iowa, Univ. of........ .. May 18, "09 
Kansas State Agr. Col.. Jan. 10, 708 
Kansas, Univ. of...... Mar. 18, '08 
Kentucky, State Univ. ofOct. 14, '10 
Lafayette College.'..... Apr. 5, '12 
Lehigh University...... Oct. 15, '02 
Lewis Institute........ Nov. 8, '07 
Maine, Univ. of....... Dec. 26, '06 
ны Inst. of 
qc EE pr. 18, '17 
Michigan, Univ. of..... Mar. 25, '04 
Minnesota, Univ. of... Мау 16, 16 
Missouri Univ. of...... Jan. 10, '03 
Montana State Со!.....Мау 21, 07 
Nebraska, Univ. of. ... Apr: 10, "08 
North Carolina Col. of 
Agr., and Mech. Arts. Feb. 11, '10 
North Carolina, Univ. of.Oct. 9, '14 
North Dakota, Univ. of. Feb. 15, '17 
Norwich University....June 28, '16 
Ohio Northern Univ....Feb. 9, '12 
Ohio State University..Dec. 20, '02 
Oklahoma Agricultural and 
Mech. Col........... Oct. 13, 711 
Oklahoma, Univ. of....Oct. 11, '12 
Oregon Agr. Col....... Mar. 24, '08 
Penn. State College....Dec. 20, '02 
Pittsburgh, Univ. of....Fe 26, '14 
Purdue University..... Jan. 26, '03 
Rensselaer Poly. Inst.. Nov. 12, '09 
Rose Polytechnic Inst.. . Nov. 10, '11 
Rhode Island State Col..Mar. 14, '13 
Stanford Univ......... Dec. 13, '07 
Syracuse Univ...... Feb. 24, '05 
Texas, Univ. of........ Feb. 14, '08 
Throop College of Tech- 
nology.............. ct. 14, 110 
Virginia Polytechnic In- 
5'їшүе.............. Jan. 8, '15 
Virginia, Univ. of...... Feb. 9, '12 
Wash., State Col. of. ..Dec. 13, "07 
Washington Univ....... Feb. 6, '04 
Washington, Univ. of. . Dec. 13, '12 
West Virginia Univ.... Nov. 13, '14 
Worcester Poly. Inst... Mar. 25, '04 
Yale University........ Oct. 13, '11 


Total 59 
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R. E. Robinson 
E. E. Gould 

P get 

R. H. Oliver 
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A. N. Clarke 
Jesse L. Thompson 
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Olin J. Ferguson 
F. E. Coxe 

A. C. Forney 


D. F. McConnell 
Edward B. Dawson 


R. H. Bennett 
H. D. Bender 
G. E. Davis 

H. M. Richards 
J. A. Hooper 


. B. Kelly, 
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C. F. Harding 
W. J. Williams 
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А. W. Thayer 
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W. P. 


J. W. Ramsay 
J. Paul Youtz 
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W. S. Rodman 
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O. P. Joliffe 

C. W. Kennedy 
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Graham 


Charles C. Clymer| Victor E. Leroy, University of Colorado, 


Secretary 


Boulder, Colo. 

John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 

Adolph Shane, Highland Park College, 
Des Moines, Iowa. 

L.J.Corbett, Univ.of Idaho, Moscow,Idaho. 

В. А. Robbins, Iowa St. Col., Ames, Iowa. 

n Ford, University of Iowa, Iowa City, 
owa. 

C. E. Reid, Kansas State Agri. Col., 
Manhattan, Kansas. 

Clark Davis, University of Kansas, Law- 
rence, Kansas. 

G. D. Aaron, State University of Kentucky, 
Lexington, Ky 

Carl Теодо, "Маск, 418 McCartrey 
Street, Easton, Pa. 

J. F. Wentz, Lehigh University, South 
Зи Pa. 

S. McDaniels, Lewis Institute, Chicago. 


1 G. ы Wadlin, Lambda Chi Alpha House. 


Orono, Maine. 

F. E. Richardson, University of Michigan, 
Ann Arbor, Mic 

Donald P. Loye, 4216 Dupont Ave., South 
Minneapolis, Minn. 

P. Savant, University of Missouri, 

Columbia, Mo. 

1. A. Thaler, Montana State College, 
Bozeman, Mont. 

F. C. Holtz, University of Nebraska, 
Lircoln, Nebraska. 

F. J. Haight, N. C. Coll. of A. and M. 
Arts, West Raleigh, N. C. 


C. N. Sloan, Univ. of North Caroli: за, 


Chapel Hill, М. С. 

Коу А. Wehe, University, N. D. 

Robin Beach, Norwich University, North- 
field, Vt. 
W.W. Wickerham, 125 S. Gilbert Street, 
Ada, Ohio 
L. W. Birch, 138 Wheatland Avenue, 
Columbus, Ohio. 

W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 

R. E. Heffner, University of Oklahoma, 
Ncrman, Okla. 

L. Happold, Oregon 
Corvallis, Ore. 


Agri. College, 


W. B. Forman, University of Pittsburgh, 
Fittsburgh, Pa. 

A. N. Topping, Purdue Univ., 
Indiana. 

W. R. Townsend, Jr., Rensselaer Poly- 
technic Institute, Troy, 

Sam P. Stone, 1012 North 8th Street, 
Terre Haute, Ind. 

Carl A. Burdick, Rhode Island State Col- 
lege, Kingston, R. I. 

A. L. Morgan, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
52 М. 

Г.А. Correll, "Univ. of Texas, Austin, Tex. 


Lafayette, 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 
E. S. Smithson, Virginia Polytechnic 

Institute, Blacksburg, Va. 
J. K. Peebles, University, Va. 
С. W. Cutler, 792 California St., Pullman, 


Wash. 

R. W. MacDonald, ОВ Univer- 
sity, St. Louis, Mo 

J. R. Himmelsbach, “4629 21st Avenue, 
Seattle, Wash. 

D. F. Cronin, 52 University Driveway 
Morgantown, W. Va. 

J. А. Blair, Worcester Polytechnic In- 
stitute, Worcester, Mass. 

J. P. Allen, Sheffield Scientific School, 
New Haven, Conn. 
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SPECIAL MEETING OF A. I E. E, 
NEW YORK, JUNE 27-28, 1917 


The special New York meeting of the 
Атегісап Institute of Electrical En- 
gineers for the presentation and dis- 
cussion of papers originally scheduled 
for the Annual Convention and the 
Аргі Schenectady meeting was held 
оп June 27-28, 1917, at the Institute 
headquarters, 33 West 39th Street, New 
York, N. Y. ; 


WEDNESDAY MORNING 


The first session was called to order 
at 10:30 а. m. Wednesday by President 
Buck. This session was devoted to the 
Presentation of four papers on the sub- 
ject of High- Tension Cables. Mr. John 
L. Harper abstracted his paper on 


"Problems in Operation and Mainten-. 


ance of Underground Cables." Mr. 
D. W. Roper abstracted his paper on 
High-Tension Cable Joints.” Mr. 
A. F. Bang abstracted a paper by him- 
self and Mr. H. C. Louis on “Тһе 
Influence of Dielectric Losses on the 
Rating of High-Tension Underground 
Cables” and Mr. С. B. Shanklin ab- 
Stracted a paper by himself and Mr. 
W. S. Clark on “Insulation Charac- 
tenstics of High-Voltage Cables.” 
Before proceeding with the discussion 
of these papers President Buck intro- 
duced Capt. Gustave Paul Cappart of 
the French army, an electrical engineer. 
Capt. Cappart conveyed the greetings 
of the French electrical engineers and 
Ш describing present conditions іп 
France remarked: “We used to бау 


time is money; now we say time is 
blood. It is now for you to make the 
world safe for democracy by victory.” 

Discussion of the papers was then 
called for and participated in by the 
following men: W. I. Middleton, P. 
Torchio, H. R. Woodrow, J. B. White- 
head, D. W. Roper, A. F. Bang, C. A. 
Adams, H. C. Louis, L. T. Robinson, 
W. S. Clark, D. DuBois, E. E. Meyer, 
J. L. Harper, C. N. Rakestraw and 
C. W. Davis. 


WEDNESDAY AFTERNOON 


The second session was called to order 
at 2.15 p. m. with Vice-President L. T. 
Robinson presiding. The subject of 
this session was High-Tension Insula- 
tors and three papers were presented as 
follows: ''The Insulator Situation," by 
W. D. Peaslee, which was abstracted by 
Н. R. Woodrow, ''Expansion Effects as 
a Cause of Deterioration іп Suspension 
Type Insulators," by J. A. Brundige, 
abstracted by the author, and ''Present 
Practise іп Design апа Manufacture 
of High-Tension Insulators," by A. O. 
Austin, also abstracted by the author. 
These papers brought forth discussion 
by the following men: H. R. Woodrow, 
J. €. Clark, E. E. F. Creighton, E. M. 
Hewlett, P. Torchio, P. Thomas, J. B. 
Taylor, C. F. Harding, J. T. Baron, 
J. A. Brundige, А. О. Austin, and а 
letter from H. J. Ryan read by J. C. 
Clark. 


WEDNESDAY EVENING 


President Buck called the meeting to 
order at 8:30 p. m. and delivered the 
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President's Annual Address. Не dealt 
with the growing .tendency toward co- 
operation among engineers, widerservice 
in behalf of the public, and the relation 
of the engineering profession to pure sci- 
ence. This address will be published in 
full in а future issue of the PROCEED- 
INGS. 

The President then presented Presi- 


dent-Elect E. W. Rice, Jr., who after . 


expressing his deep appreciation of the 
honor conferred upon him made a brief 
address pointing out the part this 
country must play in bringing the war 
to a successful close, and how that result 
can be attained only through unani- 
mous individual co-operation, aS war 
has become a gigantic business proposi- 
tion that can be handled only through 
an immense and intensely autocratic 
business corporation. President-Elect 
Rice’s remarks will be published in a 
future issue of the PROCEEDINGS. 

After the close of Mr. Rice’s address 
Mr. C. O. Mailloux made an appeal at 
the request of Captain Cappart, for 
volunteers familiar with electrical con- 
struction work in various branches, to 
go to France and help in the enormous 
work of reconstruction. А special 
contingent of electrical men will prob- 
ably be organized for this service the 
details of which will probably be 
brought formally to the attention of 
electrical men in the near future. 

Тһе chairmen of the various technical 
committees then made their annual 
reports, which will be found' elsewhere in 
this issue. 


THURSDAY MORNING 


Тһе third technial session was рге- 
sided over by Vice-President C. A. 
Adams who called the meeting to order 
at 10:30 a. т. This session was devoted 
to the subject of Mining and two papers 
were presented as follows: "'Forms of 
Power Best Suited for Various Loads 
Encountered in the Operation of Bitum- 
11045 Coal Mines" abstracted by the 
author R. L. Kingsland, and ''Test of 
a Large Mine Hoist," by R. S. Sage, 
also abstracted by the author. Тһе 
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following men took part in the discus- 
sion: А. S. McAllister, В. L. Kings- 
land, K. A. Pauly, H. C. Clark, E. H. 
Martindale and R. S. Sage. Several 
written discussions, read by H. C. 
Clark, were furnished by the following 
men: C. M. Means, H. В. Kiser, С. 
Bright, F. J. Duffy, L. C. Ilsley. 


THURSDAY AFTERNOON 

This session called to order by Presi- 
dent Buck at 2 p. m. was devoted to two 
subjects, Water Power and Heating of 
Electrical Machinery. Under the first 
subject the paper ‘‘Economical Com- 
bination of Water Power and Steam 
Plants and a Convenient Method of 
Solution” by H. S. Putnam was ab- 
stracted by the author and discussed by 
the following: C. T. Hutchinson, H. R. 
Summerhayes and H. S. Putnam. 

The second paper ''Cooling of Oil- 
Immersed Transformer Windings After 
Shut-Down” by V. M. Montsinger was 
abstracted by the author. Тһе follow- 
ing men took part in the discussion: 
A. S. McAllister, V. M. Montsinger, 
F. F. Brand, L. T. Robinson, L. F. 
Blume, and W. C. Smith. 


DIRECTORS' MEETING JUNE 28, 
| 1917. 


The regular monthly meeting of the 


. Board of Directors of the Institute orig- 


inally scheduled for J une 27, was held at 
Institute headquarters, New York, June 
28, 1mmediately after the adjournment 
of the last technical session referred to 
above. | 

There were present; President Н. W. 
Buck, New York; Vice-Presidents C. A. 
Adams, Cambridge, Mass., J. Franklin 
Stevens, Philadelphia, Pa., William 
McClellan, New York, B. A. Behrend, 
Boston, Mass., L. T. Robinson, Sche- 
nectady, N. Y.; Managers Frederick 
Bedell, Ithaca, N. Y., A. S. McAllister, 
New York, F. B. Jewett, New York. 
john B. Taylor, Schenectady, М. Ү., 
C. E. Skinner, Pittsburgh, Pa., N. A, 
Carle, Newark, N. J., Charles Robbins, 
Pittsburgh, Pa., and Secretary F. L. 
Hutchinson, New York. 
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The action of the Finance Committee 
in approving monthly bills amounting 
to $9,588.08, was ratified. 

The report of the Board of Examiners 
of meetings held on June 15th and June 
2lst was read and the actions taken at 
those meetings were approved. Upon 
the recommendation of the Board of 
Examiners the following action was 
taken on pending applications. Sixty- 
one students were ordered enrolled, 98 
applicants were elected to the grade of 
Associate, 11 to the grade of Member, 
and 1 to the grade of Fellow, 6 appli- 
cants were transferred to the grade of 
Member, and 1 to the grade of Fellow, 
and 3 applicants were re-elected to the 
grade of Associate. 

On recommendation of the Standards 
Committee the Board approved a sup- 
plement to the Standardization Rules 
embodying the additions and modifi- 
cations to the Rules as recommended by 
the Committee during the past year. 
This supplement will be published in 
August issue of the PROCEEDINGS. 

À considerable amount of other busi- 
hess was transacted, reference to which 
will be found in future issues of the 
PROCEEDINGS. 

The members of the Board met again 
at a subscription dinner at the Harvard 
Club, Thursday evening. President- 
Elect Rice and former Vice-President 
Farley Osgood were also present. 
President Buck was presented with a 
Past-President’s badge, Mr. Farley 
Osgood making the presentation speech, 
and all present expressed their pleasure 
at having served upon the Board during 
President Buck’s administration. In 
responding President Buck expressed 
his appreciation of the hearty and effec- 
üve cooperation of the members of the 
Board during the year, and the hope 
that he would continue to be associated 
With all of them in connection with 
Institute work in the future. Vice- 

residents Stevens, Adams and Mc- 
Clellan, whose terms as members of the 
Board wil expire July 31st, expressed 
Similar sentiments. 

There was an interesting discussion 
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by all in attendance, this result being 
brought about largely by the effective 
work of Vice-President Robinson in his 
capacity as toastmaster. 


DINNER TO PRESIDENT-ELECT 
RICE 


A dinner in honor of President-Elect 
Е. W. Rice, Jr., was given by Mr. 
David B. Rushmore, at the Engineers' 
Club, New York, on Tuesday evening, 
June 26th. The guests included 12 
Past-Presidents of the Institute, the 
Presidents of the four principal national 
engineering societies and of the United 
Engineering Society, and a few others 
prominent in engineering and scientific 
work. 

The occasion was exceedingly enjoy- 
able to all present, and afforded an 
opportunity for an interesting and 
profitable exchange of views upon mat- 
ters of interest to the engineering pro- 
fession. i 

All present felicitated Mr. Rice upon 
his election as President of the Institute 
and pledged their hearty cooperation 
during his coming administration. 


GREETINGS FROM THE INSTITU- 
TION OF ELECTRICAL 
ENGINEERS ” 


The following cablegram was received 
by the Institute on May 21st from The 
Institution of Electrical Engineers of 
Great Britain: 


“Тһе President and Counci! and the members 
of The Institution of Electrical Engineers send 
hearty greetings to their brothers of the Ámerican 
Institute of Electrical Engineers and hereby 
express to them their sincere appreciation of the 
entry of the great American nation into the war 
on behalf of civilization and its ideals and of the 
deep significance of their action for the cause of 
the British Empire and its allies.” 


President H. W. Buck cabled in reply, 
on behalf of the Institute, as follows: 


"The American Institute of Electrical Engi- 
neers deeply appreciates your message. We hope 
that the Electrical Engineers of Great Britain and 
of America, working together in close cooperation, 
can bring to a satisfactory conclusion the many 
electrical problems of the war,” 
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NATIONAL COMMITTEE ON GAS 
AND ELECTRIC SERVICE 


Some months ago the Committee of 
the American Gas Institute to Co- 
operate with the Government in regard 
to the Military Needs of the Nation and 
the Committee of the National Electric 
Light Association on War Conditions, 
at a joint conference held in New York 
City decided to organize a National 
Committee which would secure to the 
United States Government the most 
effective co-operation in the conduct of 
the war from the gas and electric light 
and power industries. The National 
Committee on Gas and Electric Service 
was thereupon organized with a mem- 
bership of representative men from these 
two industries and the related natural 
gas industry. The committee, as con- 
stituted, is as follows: Walter К. 
Addicks, Vice President, Consolidated 
Gas Co. of New York, New York, М. Y.; 
Philip P. Barton, Vice President, 
Niagara Falls Power Company, Niagara 
Falls, N. Y.; John A. Britton, Vice 
President, Pacific Gas and Electric 
Company, San Francisco, Cal.; Alex. 
Dow, President, Detroit Edison Com- 
pany, Detroit, Michigan; Charles L. 
Edgar, President, Edison Electric Illg. 
Co. of Boston, Boston, Mass.; A. E. 
Forstall, President, American Gas 
Institute, New York, N. Y.; Joseph 
F. Guffey, President, Natural Gas 
Association of America, Pittsburgh, 
Pa.; Samuel Insull, President, Com- 
monwealth Edison Company, Chicago, 
Ш.; D. C. Jackson, Prof. of Electrical 
Engineering, Massachusetts Institute of 
Technology, Boston, Mass.; Joseph B. 
McCall, President, The Philadelphia 
Electric Company, Philadelphia, Pa.; 
Capt. William E. McKay, Vice Presi- 
dent, New England Gas and Coke 
Company, Boston, Mass.; Herbert A. 
Wagner, President, Consolidated Gas 
Electric Lt. & Pr. Co., Baltimore, Md.; 
5. S. Wyer, Consulting Engineer, 
Natural Gas Industry, Columbus, Ohio; 
John W. Lieb, Vice President, The New 
York Edison Company, New York М, 
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Y., (Chairman of Committee); William 
H. Gartley, Vice President, Equitable 
Ilg. Gas Lt. Co. of Philadelphia, 
Philadelphia, Pa., (Vice Chairman of 
Committee); George W. Elliott, Wash- 
ington, D. C. (Secretary of Committee). 

The committee is recognized by the 
Advisory Commission of the Council of 
National Defense as one of its Advisory ` 
Comittees, and it has established an 
official headquarters in the Munsey 
Building, Washington, D. C., where it 
has placed itself at the service of the 
Government for any assistance it may 


be able to render in behalf of the public 


utility industries it represents. It is 
prepared to act as a vehicle of com- 
munication between the various instru- 
mentalities organized by the Govern- 
ment for the conduct of the war and the 
gas companies producing and distribu- 
ting artificial and natural gas and the 
electric light and power companies fur- 
nishing electric service, in all matters 
relating to the national defense. It 
proposes to promptly place at the dis- 
posal of the government any data or 
information which it may require as to 
the facilities in men or service which 
they may have available, ensure the 
continuous operation of their plants so 
as to enable the munition plants, navy 
yards and manufacturing establish- 
ments, through continuous and unin- 
terrupted service, to maintain their 
maximum output, and it will endeavor 
to provide the Government with the 
necessary quantity of the essential by- 
products they can make available for 
the production of high explosives and of 
ammunition. 

One of the most essential require- 
ments in the coordination of the in- 
dustrial resources of the country for the 
successful conduct of the war is to 


‚ provide a regular and adequate supply 


of fuel to the important utilities en- 
gaged in enterprises through which 
they render service to the Government 
and to the public. To facilitate solving 
the many problems affecting the con- 
tinuous supply of fuel to operate their 
plants, the National Coal Board has 
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been pleased to appoint Mr. George W. 
Elliott, Secretary of the Committee, to 
membership on the Coal Committee. 
À questionnaire is now being prepared 
which will, within the next few days, be 
forwarded to every gas and electric light 
and power company in the country, ask- 
ing them to send a statement of the 
various kinds and quantities of fuel each 
uses per annum for its various purposes, 
the water or rail connections over which 
they are received, together with a 
monthly statement of fuel contracted 
for, received and consumed. This will 
enable the committee to give prompt 
information to the authorities of fuel 
shortage in any particular locality, with 
the transportation lines involved, load- 
ing and unloading delays, car shortages, 


routing and trans-shipment difficulties, 


etc. 

The committee has been in consulta- 
tion with the authorities on matters 
affecting the service which the em- 
ployees of the companies may render to 
the Government and in regard to various 
questions connected with selective regis- 
tration, conscription exemptions and 
Provision for the dependents of em- 
ployees who may be called upon to 
render military service. Тһе furnish- 
ing of heat, light and power service to 
the troop cantonments for the mobili- 
zation of the military forces located in 
different parts of the country is now 
being considered and information is 
being collected as to how these agencies 
may be made available to the camps in 
the shortest possible time from the 
nearest points of supply. 

It is believed that this National Com- 
mittee on Gas and Electric Service can 
be of great assistance to the Govern- 
ment in these several directions and that 
it will cover a broad field of useful and 
Patriotic service, bringing to bear on 
the successful conduct of the war, from 
the standpoint of efficient industrial 
mobilization, the vast resources of men 
and facilities which the utility compan- 
les of the country have at their- com- 
mand and through which they are now 
efficiently serving the public and which 
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they desire to make available to the 
nation to the greatest practicable extent. 


PRESENTATION OF THE JOHN 
FRITZ MEDAL TO HENRY 
MARION HOWE 


On the evening of May 10, 1917 the 
presentation. ceremonies of the John 
Fritz Medal Award took place in the 
Auditorium of the United Engineering 
Building, 29 West 39th Street, New 
York, at 8:30 p.m. 

Dr. Henry Marion Howe, the re- 
cipient, was awarded this signal honor 
for his “investigations in metallurgy, 
especially in the metallography of iron 
and steel.” 

Professor Albert Sauveur, Chairman 
of the Board at the time the award was 
made, presided. He spoke of the 
broadening and elevating influence the 
establishment of this award has had 
upon the engineering profession and 
called the honor roll of those who have 
received the medal. 

Dr. Rossiter W. Raymond, Secretary 
Emeritus of the American Institute of 
Mining Engineers, the next speaker, 
called attention to the enormous labor 
and care involved in sorting and cor- 
relating data originating from the dis- 
covery or development of a new science. 
In a brief biographical and bibliograph- 
ical statement Dr. Raymond showed 
just what Dr. Howe had accomplished 
for the new science of metallography. 
He then presented Dr. Ira N. Hollis. 
Dr. Hollis dwelt on the moral aspect of 
science, especially on that side of it 
which promotes practical application, 
as Mr. Howe's career well illustrates 
the motive that must always lie behind 
the engineers work, if the profession is 
to live and to be found worthy. 

Prof. Sauveur then made the presen- 
tation of the medal to Dr. Howe allud- 
ing to what a happy coincidence it was 
that such a staunch friend of the Entente 
Allies should receive this honor at the 
time of the reception. of the French 
mission. 

Dr. Howe expressed his deep appre- 
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ciation of the honor accorded him. Не 
then gave a brief outline of the funda- 
mental causes of the world war and 
pointed to the absolute necessity that 
democracy must triumph if we wish to 
prevent future wars where the scientific 
destructive powers evolved are sure to 
be enormously enhanced. 


THIRD NATIONAL EXPOSITION OF 
CHEMICAL INDUSTRIES 


During the week of September 24th, 
1917 the third National Exposition of 
Chemical Industries will be held at the 
Grand Central Palace, New York. 
Preparations for the exhibit are now in 
progress and the exposition promises to 
be still more interesting and compre- 
hensive than last year's affair. 


PAST SECTION MEETINGS 

Boston.—May $8, 1917, Engineers 
Club. Subject; "What is Being Done." 
Speakers: Major H. G. Chase and Mr. 
Charles R. Gow. Election of officers for 
the coming year as follows—chairman, 
Harry M. Hope; vice-chairman, L. E. 
Abbott; secretary and treasurer, I. M. 
Cushing. Attendance 75. 

Chicago.— May 28, 1917, Western 
Society of Engineers Rooms. Paper: 
"Electric Waves" by William S. Frank- 
lin. Election of officers as follows— 
chairman, William J. Crumpton, secre- 
tary, C. A. Keller. Attendance 138. 

Cleveland.— May 21, 1917, Electrical 
League Rooms. Illustrated address on 
"Acoustical Engineering" by Mr. John 
B. Taylor. Election of officers as 
follows—chairman, C. M. Rakestraw; 
secretary, C. S. Ripley. 

Denver.—May 21, 1917, Denver 
Athletic Club. Address by Mr. L. L. 
Quigley on “Electric Hoisting’. At- 
tendance 78. 

Detroit-Ann Arbor.— Мау 18, 1917, 
Ann Arbor. Paper: ‘Electrical Con- 
ductors and Insulators” Бу W. Е. Colby. 
Attendance 30. 

Fort Wayne.—May 23, 1917, Ma- 
iestic Theatre. Lecture by Dr. C. P. 
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Steinmetz on “Тһе Effect of the Euro- 
pean War on American Industries”. 
Attendance 1600. 

June 14, 1917, Commercial Club. 
Reports of committees on work accomp- 
lished during year. Election of officers 
as follows—chairman, ]. ]. Kline; 
secretary, R. B. Roberts. Attendance 
16. 

Indianapolis-Lafayette.—May 18, 
1917, Indianapolis. Paper: ''Storage 
Batteries; Their Application and Con- 
struction” by C. A. Jaqua. Attendance 
40. 

Ithaca.—May 11, 1917, Franklin 
Hall. Papers: (1) ‘Electrification of 
Steam Railroads—General Estimates 
and Data" by S. B. Fortenbaugh; (2) 
"Do Lines of Force Move" by E. H. 
Kennard. Attendance 41. 

May 18, 1917, Syracuse. Paper: 
“Тһе Owen Magnetic Car and the Entz 
Transmission System’’ by Walter S. 
Goll. Demonstration of a model which 
imitates quantitatively the performance 
of an Entz motor-generator set, by 
Prof. V. Karapetoff. Attendance 50. 

Madison.—June 4, 1917, University 
of Wisconsin. Subject: ‘Wave Form of 
Electrical Machinery." Speakers: Mr. 
G. H. Gray, Mr. C. C. Dodge, and Prof. 
J. R. Price. Attendance 32. 

Pittsburgh.—May 8, 1917, Union 
Arcade Building. Addresses by Lieut. 
Col. Jadwin and Major Fay оп “Тһе 
Engineer in War-Time’’. Attendance 
250. 

June 12, 1917, Union Arcade Building. 
Papers: (1) “Selective Conscription and 
What It Means” by L. M. Johnston; 
(2) “боте Naval Engineering Prob- 
lems" by Commander M. E. Reed. 
Attendance 100. 

Portland.—Multnomah Hotel. Pa- 
pers: (1) "Description of Chart to 
Determine Proper Sag for Stringing 
Aerial Wires" by H. H. Schoolfield; (2) 
"Determination of Efficient Ground 
Connections for Distribution Systems” 
Бу W. C. Heston; (3) ‘‘Reclamation 
Load on North Coast Power Company's 
Lines" by R. M. Boykin. Attendance 
35. 


! 
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Rochester.—May 25, 1917. Motion 
picture "King of the Rails". Election of 
officers as follows—chairman, Frank C. 
Taylor; secretary-treasurer, J. W. Mor- 
rison. Members of executive committee 
Messrs. A. S. McDowell, G. M. Cam- 
eron, H. E. Lawrence and С. A. Scoville. 
Attendance 75. 

San Francisco.— May 24, 1917, Elk's 
Hall. Paper: ''Modern Development in 
Street Lighting" by F. C. Piatt. At- 
tendance 35. | 

Schenectady.— April 20, 1917, Edison 
Club Hall. Address by Dr. C. R. Mann 
on “А New Basis for Engineering Edu- 
cation". Attendance 250. 

May 4, 1917, Edison Club Hall. 

Illustrated lecture by Mr. J. B. Taylor 
on "Acoustical Engineering and a 
Review of the Characteristics of Noise, 
Speech and Musical Sound".  Atten- 
dance 200. 
Мау 25, 1917, Edison Club Hall. 
Address on “Personal Experiences in the 
European War" by A. G. Empey. 
Attendance 500. 

Seattle.—May 15, 1917, Arctic Build- 
ing. Paper: ‘‘Transmission Line De- 
sign" by F. K. Kirsten. 
27. 

Spokane.—May 18, 1917, Spokane 
Hotel. Address by Prof. H. V.Carpen- 
ter on "Engineering Education". Elec- 
tion of officers as follows—chairman, 
Chas. A. Lund; vice-chairman, George 
Nixon; secretary-treasurer, ]. E. E. 
Royer; executive committee, R. S. 
Daniels, J. W. Hungate and George 
Harding. Attendance 51. 

Toledo.—June 8, 1917, Toledo Com- 
merce Club. Addresses as follows—(1) 
"District Heating and Electric Genera- 
tion" by A. C. Rogers; (2) “Тһе Light- 
ing of the Statute of Liberty" by W. E. 
Richards. Attendance 26. 

Toronto.—April 4, 1917, Engineers 
Club, Subject: "Electric Furnaces.” 
Speakers: Mr. J. T. Burt-Gerrans and 
À. Turnbull. Attendance 110. 

Utah.—May 28, 1917, Commercial 
Club. Election of officers as follows— 
Chairman, А. S. Peters; secretary- 
treasurer, H. T. Plumb; executive com- 
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mittee, S. R. Inch, J. C. Jones, C. P. 
Kahler and J. F. Merrill. | 

Washington.— May 9, 1917, Capital 
Traction Company's Office. Motion 
picture "King of the Rails". Election 
of officers. Attendance 51. 


PAST BRANCH MEETINGS 

University of Arkansas.—May 15, 
1917. Address by Prof. Baender on 
“Тһе Use, Construction and Care of 
Ball Bearings”. - Election of officers as 
follows— president, УУ. L. Teague; secre- 
tary-treasurer, J. C. Douthit. Attend- 
ance 21. 


Armour Institute.—May 18, 1917, 
Electrical Engineering Lecture Room. 
Election of officers as follows—chair- 
man, E. A. Moore, Jr.; treasurer; H. H. 
Shotwell; secretary, A. A. Hofgren. 
Attendance 26. 


University of Colorado.—May 17, 
1917, Engineering Building. Address by 
Prof. Evans on “Тһе Future of Elec- . 
trical Engineering in the United States". 
Election of officers as follows—chair- 
man, Robert Newman; vice-chairman, 
Francis Kerr; secretary, Wm. &N. 
Gittings; treasurer, W. J. Aulsebrook. 
Attendance 17. 


University of Idaho.— May 23, 1917, 
Physics Lecture Room. [Illustrated 
lecture on “Тһе Lake Spaulding De- 
velopment of the Pacific Gas and Elec- 
tric Company". Attendance 38. 


Kansas State Agricultural College.— 
June 7, 1917, Anderson Hall. Election 
of officers as follows— president, L. М. 
Miller; vice-president, Homer Cross; 
secretary, M. H. Russell; treasurer, R. 
А. Van Trine; marshal, О. A. Hind- 
man; asst. marshal, R. A. Graves. 
Attendance 53. 


Lafayette College.—May 21, 1917. 
Papers: (1) “Тһе Electrical Precipita- 
tion of Smoke and Suspended Matter" 
by Allen S. Turner; (2) “Street Light- 
ing" by Stewart M. Wikel. Тһе fol- 
lowing officers were elected for the 
coming year—president, Harry C. Har- 
tung; vice-president, Jacob H. Ritter; 
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secretary, William Lash Lipps;treasurer, 
William S. Williams. Attendance 16. 

Lehigh University.—May 24, 1917, 
Physical Laboratory. Paper: ''Tele- 
phone Engineering" by J. L. Mont- 
gomery. Motion pictures ''Speeding 
the Spoken Word”. Election of officers 
as follows—president, R. H. Lindsay; 
vice-president, G. R. Lawall; secretary, 
R. D. Bean; treasurer, D. C. McGal- 
liard: Attendance 39. 

University of Michigan.—May 31, 
1917, New Engineering Building. Ad- 
dress by Prof. H. Н. Higbie on “П- 
lamination Used in Warfare". Election 
of officers as follows—chairman, W. R. 
Harvey; vice-chairman, L. R. Newbold; 
secretary, T. W. Conant; treasurer, G. 
S. Heath. Attendance 64. 

University of Minnesota.— May 25, 
1917. Addresses by Professors Shepard- 
son, Springer and Ryan. Election of 
officers as follows—chairman, George 
W. Мшег; secretary-treasurer, Ray 
McKibben; executive committee, Rus- 
sell H. Ross and Prof. W. T. Ryan. 
Attendance 23. 

University of Missouri.—May 21, 
1917, Engineering Building. Election of 
officers as follows—chairman, A. C. 
Lanier; vice-chairman, G. C. Black; 
secretary, D. P. Savant; corresponding 
secretary, D. I. Cole; assistant secretary, 
С.А. Irion; treasurer, Е. H. Shelton. 

Montana State College.—May 18, 
1917, Electrical Building. Election of 
officers as follows—chairman, Roy C. 
Hagen; secretary, J. A. Thaler; At- 
tendance 18. 

North Carolina College of Agriculture 
and Mechanical Arts.— Election of offi- 
cers for the coming year as follows— 
chairman, John К. Hauser; vice- 
chairman, Frank H. Pritchard; secre- 
tary-treasurer, L. C. Flournoy. Attend- 
ance 19. 

University of North Dakota.—June 4, 
1917. Subject: Railway Electrification. 
Speakers: Roy A. Wehe and Steen 
Strand. Attendance 10. 

Ohio State University—May 18, 
1917, Ohio Union. Spring Banquet. 
Election of officers as follows—chair- 
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man, E. S. Gunn; vice-chairman, H. M. 
Haase; secretary-treasurer, T. D. Robb. 
Attendance 40. | 


Washington State College.—May 25, 
1917. Address by Prof. G. C. Warfel on 
"Application of Electricity to Mining 
and Metallurgy." Election of officers as 
follows—president, 5. Stites; vice- 
president, A. E. Smith; secretary, E. 
Tollefson; treasurer, Jos. Williams; 
reporter, C. Reis. Attendance 106. 


University of Washington.—May 22, 
1917, Forestry Hall. Paper: ''The 
Status of the Student Engineer at the 
Westinghouse Works" by W. Earl 
Shanley. Attendance 11. Election of 
officers as follows—chairman, L. P. 
Kongsted; secretary, C. M. Lubcke. 
Attendance 11. 


Worcester Polytechnic Institute.— 
May 18, 1917, Electrical Engineering 
Building. Address by Dr. P. G. Nutting 
on ‘‘Research as a Profession". Election 
of officers ав follows—president, B. 
Luther; vice-president, А. С. Carlson; 
secretary-treasurer, N. L. Towle. Joint 
meeting with local Civil Engineering 
Society, and local branch of А. S. M. E. 
Attendance 45. 


ASSOCIATES ELECTED JUNE 38, 
1917 


ABBOTT, WILLIAM Rurfus, General 
Manager, Chicago Telephone Co., 
212 W. Washington St.; res., 5741. 
Kenmore St., Chicago, Ill. 


BENTON, CARL H., Electrical Superin- 
tendent, E. I. du Pont de Nemours & 
Co., Haskell, N. J. 


*BERKLEY, H. WALTER, Rate Setter, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh; res., 1312 Wood St., 
Wilkinsburg, Pa. 


BERRY, CARL M., Electrical Engineer, 
Appalachian Power Co., Bluefield, W. 
Va.; res, 7 Norris St., Cambridge, 
Mass. 


Biccs, JOSEPH Ербсак, District Sales 
Manager, Electric Products Co., 122 
5. Michigan Ave.; res., 6732 Cornell 
Ave., Chicago, Ill. 


1917] 


Botte, HERMAN ALEXANDER, Assistant 
Engineer, Interborough Rapid Tran- 
sit Co.; res, 162 W. 84th St., New 
York, N. Y. 

BREITINGER, CHARLES MACCAUGHN, 
Cost Engineer, Philadelphia Electric 
Co., 1000 Chestnut St., Philadelphia, 
Pa. | 

BussELLE, ELMER TOWSHEY, Engineer, 
Dept. of Utilities, Public Service 
Commission of Oregon, Salem, Ore. 

CALLAHAN, EMMETT, JR., Boardman, 
Ore. 

CaRDOZA, WILLIAM H., Chief Elec- 
trician, Ermita Sugar Corp., Ermita- 
Oriente, Cuba. 

СНАЕЕЕ, |. B., JR., Engineer, Alabama 
Power Co. 120 Broadway; res., 
Holland House, New York, N. Y. 

Сомром, EDWARD J., JR., Construction 
Superintendent, Indiana Utilities Co., 
Angola, Ind. 

*CooPER, STUART M., Statistician and 
Distribution Engineer, New York & 
Queens Electric Light & Power Co., 
444 Jackson Ave., Long Island City, 


N. Y. 
*COULTER, R. S., Commercial Engineer, 
General Electric Co.; res., 1250 


Rosedale Ave., Chicago, Ill. 


CRoNHEIM, D. H., Assistant Sales 
Manager, Alabama Power Co.; res., 
926 N. 20th St., Birmingham, Ala. 


Сво2Ат, MANUEL A., Westinghouse 
Electric & Mfg. Co., East Pittsburgh; 
res., 618 Kelly Ave., Wilkinsburg, Pa. 


Curr, Georce Сксп, Engineer, To- 
ronto Hydroelectric System, 215 
Mavety St.; res., 836 Keele St. W., 
Toronto, Ont. | 


Custer, WILLIAM Oscar, Power Engi- 
neer, with the Subsidaries of Henry 
Г. Doherty & Co., 10 Park Ave., 
Mansfield, O. 


Dann, NoRMAN LESLIE, Cable Engi- 
neer, Northern Electric Co. Ltd., 
Shearer St., Montreal, Que. 


Danser, HAROLD W., Industrial Engi- 
neer, Supt., Red Bank Dist., Consoli- 
dated Gas Co. of М. J.; гез., 296 
Slocum Pl., Long Branch, М. J. 
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Davis, ARCHIBALD H., JR., Designing 
Engineer, Consulting Engineering 
Laboratory, General Electric Co., 
Schenectady, N. Y. 

Davis, ARTHUR LINWOOD, Assistant to 
Engineer, Bangor Railway & Electric 
Co.; res., 391 Union St., Bangor, Me. 

*Davis, HENRY EMERSON, Acting Elec- 
trical Engineer, New York State 
Railways,  Utica-Syracuse Lines, 
Gridley Bldg., Syracuse, N. Y. 

*DESBECKER, JOHN W., In charge of 
advertising copy and plans, Redfield 
Advertising Agency, Inc.; res., 302 
W. 22nd St., New York, N. Y. 

*DONAHOE, JOHN THOMAS, Electrolysis 
Investigator, City of Chicago, 614 
City Hall; res., 3416 Jackson Blvd., 
Chicago, Ill. 

DONKIN, JONATHAN, JR., Substation 
Dept., Commonwealth Edison Co.; 
res., 159 Locust St., Chicago, Ill. 


~DouGLas, DUNCAN CURRIE, Chief Dis- 


trict Electrician, Public Service Elec- 
tric Co. of New Jersey, 15th & 
Mickle St.; гез., 752 Wright Ave., 
Camden, N. J. 

DRUMMOND, WILBUR Down, Assistant 
Electrical Engineer, R. Thomas & 
Sons Co.; res., 142 W. 6th St., East 
Liverpool, O. 

DuNLAP, CARL H., Electrical Testing 
Engineer, Commonwealth Edison Co.; 
res., 18 W. Chestnut St., Chicago, Ill. 


ELLIS JOSEFH, Substation Supervisor, 
Philadelphia Rapid Transit Co.; res., 
5637 Wyalusing Ave., Philadelphia, 
Pa. 

FITZGERALD, GEORGE G., Engineer, 
Ventura County Power Co., Oxnard; 
res., Ventura, Cal. 

FREEMAN, ROGER MorsE, Construction 
Engineer, Chase Metal Works, Water- 
bury, Conn.; res., 235 Arlington Ave., 
Providence, R. I. 


FRIDAY, ELLSworTH C., Electrical 
Engineer, General Electric Co.; res., 
15 Copley Terrace, Pittsfield, Mass. 

FROEBEL, GUENTHER H., Manager, 
Industrial Div., Westinghouse Elec- 
tric & Mfg. Co.; res., Fox Apts., 
Houston, Tex. 
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FRYE, JASON LARKIN, Electrical Engi- 
neer, Bisbee, Ariz.; res., Alleghany, 
Cal. 

GARLINGTON, A. C., Supervisor, Elec- 
tric Div., Panama Canal, Balboa, 
Canal Zone. 

*GAUTHIER, WILLIAM BULL JORDAN, 
Salesman, Westinghouse Electric & 
Mfg. Co.; res., 1124 W. Lehigh Ave., 
Philadelphia, Pa. 

GIBBS, ARTHUR A., Electrical Engineer, 
Dodge Brothers; res., 849 Third Ave., 
Detroit, Mich. 

GoocINS, WILLIAM, Assistant to Super- 
intendent of Lines, Lehigh Valley 
Transit Co.; res., 231 М. 15th St., 
Allentown, Pa. 

GREEN, ADONIRAM JUDSON, Student, 
Cooper Union, New York, N. Y.; 
гез., 73 Paterson St., Paterson, М. ]. 

GREENE, ]онм Е., Electrical Engineer, 
Continental Motors Corp.; res., 451 
Drexel Ave., Detroit, Mich. 


GREENWOOD, LEON HENRY, American 


Telephone & Telegraph Co.; res., 794 
4th Ave., North Troy, N. Y. 

*HADLEY, J. LEE, Electrical Engineer, 
Peerless Electric Co.; res, 126 
Harmon St., Warren, O. 

HANOVER, JOHN WILLIS, Chief Elec- 
trician, Collins Co.; res., Thayer Ave., 
Collinsville, Conn. 

Hauck, ERNEST, Chief Engineer of 
Power House, Westinghouse Electric 
& Mfg. Co.; res, 259 High St., 
Newark, N. J. 


HEALEY, FRANCIS ROBERT, Superin- 
tendent of Electrical Distribution, 
Union Gas & Electric Co.; res., 2918 
Woodburn Ave., Cincinnati, O. 


HEATH, HUBER GALE, Transformer 
Design, Pittsburgh Transformer Co.; 
гез., 1619 Brighton Ва., Pittsburgh, 
Pa. 

HOBART, CHARLES MONTGOMERY, Sales- 
man, Westinghouse Electric & Mfg. 
Co.; res, Fox Apartment, Houston, 
‘Tex. 

HOFFMAN, Ray THOMPSON, Designing 
Draftsman, Arkansas Valley Railway, 
Light & Power Co.; res., Maine Hotel, 
Pueblo, Colo. 


PROCEEDINGS 


OF A. I. E. E. [July 

HORELICK, SAMUEL, Chief Engineer, 
Pittsburgh "Transformer Со.; res., 
1705 Termon Ave., М. 5., Pittsburgh, 
Pa. 

House, Bryan E., Draftsman, Remy 
Electric Co.; res., 1224 Iroquois Ave., 
Detroit, Mich. | 

HUGHES, GEORGE A., President, Hughes 
Electric Heating Co., 5660 Waller 
Ave.; res, 911 Eastwood Ave., 
Chicago, Ill. 

JENKs, JOHN S., Manager, Light & 
Power Dept., West Penn Power Co., 
Benedum Trees Bldg.; res, 466 
Rebecca St., Pittsburgh, Pa. 

JONES, PHILIP CHAPIN, Electrical Engi- 
neering Dept., Goodyear Tire and 
Rubber Co., Akron; res., Wintergreen 
Ledges, Barberton, O. 

KARN, HERBERT CHRISTOPHER, Em- 
ployment Agent, Northern Electric 
Co. Ltd., 121 Shearer St., Montreal, 
Que. 

KELLY, Davip HENRY, Salesman, Allis- 
Chalmers Mfg. Co.; res., 230 W. 
107th St., New York, N. Y. 

KNIGHT, E. W., Representative, West- 
inghouse Electric & Mfg. Co., Inter- 
urban Bldg., Columbus, O. 

LEMP, HARRY JULIUS, Foreman, Mining 
Locomotive Assembly, General Elec- 
tric Co.; res., 1258 E. 20th St., Erie, 
Pa. 

*LESSEY, SAMUEL KENRIC, Assistant to 
Construction Engineer, Philadelphia 
Electric Co.; res., 4907 Walnut St., 

. Philadelphia, Pa. 

Lewis, DONALD McCNAUGHTON, Trea- 
surer and General Manager, Livings- 
ton-Niagara Power Co.; res., 22 E. 
Main St., Avon, N. Y. 

*LOVELL, WILLIAM VAIL, Testing Dept., 
Westinghouse Electric & Mfg. Co., E. 
Pittsburgh; гез., 729 Rebecca Ave., 
Wilkinsburg, Pa. 

MASHBURN, WiLLIAM EDWARD, Super- 
intendent of Machinery, Moctezuma 
Copper Co., Nacozari, Sonora, Mex- 
ico. 

MATTHEWS, Howarp Davip, Electrical 
Engineer, Designing of Switchboard 
Apparatus, General Electric Co.; res., 
27 Snowden Ave., Schenectady, N. Y. 
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McCLEERY, DONALD WILLIAM, Local 
Manager, NePage, McKenny Co.,537 
Ford Bldg; res., 421 5th Ave. N. 
Great Falls, Mont. 

McLaGAN, ERNEST GEORGE, Assistant 
Manager Apparatus, Commercial 
Electrical Supply Co., 1429 Pine St., 
St. Louis, Mo. 

METZENHEIM, HENRY HERMAN, Engi- 
neering Dept., Crocker-Wheeler Co., 
Ampere; res., 169 N. 15th St., East 
Orange, N. J. 

MONAHAN, HARRY WILLIAM, 12 Leigh- 
ton Road, Waterville, Maine. 

PETROWSKY, JOHN Евер, Electrical 
Tester, In charge of Alternating 
Current Testing Dept., Crocker- 
Wheeler Co., Ampere; res., 486 N. 
6th St., Newark, N. J. 

Poesi, CHRISTIAN N., Engineering 
Draftsman, McCarthy Bros. & Ford, 
41 E. Eagle St.; res., 595 Fargo Ave., 
Buffalo, N. Y. 

RALSTON, STUART ALBERT, Assistant 
Electrical Engineer, Rockford & 

Interurban Ry. Co.; res., 525 N. 
Court St., Rockford, Ill. 

"RANDALL, HENRY EDWARD, JR., Elec- 
trical Engineer, Shawinigan Water & 
Power Со., 604 Power Bldg.; res., 
199 Milton St., Montreal, Que. 

Repinc, JAcoB J., Electrician, Iowa 
Railway & Light Co.; res., Allison 
Hotel, Cedar Rapids, Ia. 

КЕрмонр, FRANK, General Plant Super- 
intendent, Chicago Telephone Co., 
212 W. Washington St., Chicago, Ill. 

Ross, EDWARD EARL, Service Engineer, 
Westinghouse Electric & Mfg. Co., 
Shadyside Works, Pittsburgh; res., 
407 Todd St., Wilkinsburg, Pa. 

Кссс, Навого H., Load Dispatcher, 
Homestake Mining Co.; res., 709 
Main St., Lead, S. D. 

Ryan, JOHN ALPHONSUS, Assistant 
Engineer, H. Boker & Co. Inc., 101 
Duane St.; гез., 544 W. 156th St., 
New York, N. Y. 

SABANIEFF, АВКАРУ А., Electrical Engi- 
neer, Representative of the Russian 
Government, American Powder Mills, 
Maynard; res., 92 Main St., Concord, 
Mass. 


SANFORD, GEORGE BROWNELL, District 
Manager, Great Western Power Co., 
Rio Vista, Cal. 

SIEGFRIED, JAMES FREDERICK, Chief 
Electrical Engineer, Alpha Portland 
Cement Co., Easton, Pa. 


SMITH, ALBERT Носн, Vice-President, 
Manufacturers’ & Inventors’ Electric 
Co., 29-31 Gold St., New York, N. Y. 


SNOW, CLARENCE JULIAN, Shop Super- 
intendent, Northwestern Electric 
Equipment Co., 174 E. 6th St., St. 
Paul, Minn. 


SNYDER, CLAYTON EDWARD, Trans- 
former Design, Pittsburgh Trans- 
former Co.; res., 716 S. Linden Ave., 
Pittsburgh, Pa. 

*STAEHLE, PAUL Max, Transformer 
Engineer, General Electric Co.; res., 
201 W. Creighton Ave., Fort Wayne, 
Ind. 


STREUBER, RUDOLF GEORGE, Instructor 
Applied Electricity, New York Elec- 
trical School, 38 W. 17th St.; res., 
47 W. 93га St., New York, N. Y. 


STRIEBY, WILFRED JAY, Assistant to 
Engineer, Day & Zimmermann, 611 


Chestnut St., Philadelphia; res., 34 | 


Simpson Rd., Ardmore, Pa. 


Sypow, WILLIAM, Electrical Contractor, 
1455 Gaylord St.; res., 1069 S. Penn. 
St., Denver, Colo. 

TAYLOR, WiLLIAM EDWARD, Engineer, 
British Westinghouse Eléctric & Mfg. 
Co., Trafford Park, Manchester, 
England. 

*ToLHuRST, WILLIAM H., Chief Engi- 
neer, Casper Refinery, Standard Oil 
Co.; гез., 448 5. Park St., Casper, 
W yo. 

TREAT, ROBERT, Power and Mining 
Engineering Dept., General Electric 
Co., Schenectady, N. Y. 


ULRICH, ARTHUR EDWIN, Electrical 


Engineer, Automatic Electric Co.; | 


res., 4229 Calumet Ave., Chicago, Ill. 


VAN ALST, JOHN WILLIAM, JR., Specifi- 
cation Writer, Bell Telephone Co. of 
-Pennsylvania; res., 3332 Smedley St., 
Philadelphia, Pa. 
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VAN DE WATER, LIVINGSTON, А. C. 
Motor Engineering, General Electric 
Co.; res., 40 Bartlett Ave., Pittsfield, 
Mass. 

VICKERY, WALTER OWEN, Superintend- 
ent, Federal Light & Traction Co., 
Trinidad, Colo. 


WALLACE, J. KING, District Sales Dept., 
Continental Fibre Co., 2048 E. 90th 
St., Cleveland, O. 


*WILSON, GEORGE FREDERICK, Sub- 
station Operator, Los Angeles Ry: 
Corp.; res., 1033 S. Burlington Ave., 
Los Angeles, Cal. 


WINKLEY, SAMUEL FREDERICK, Elec- 
trical Engineer, Callender’s Cable Co., 
Hamilton House, Victoria Embank- 
ment, London, E. C., England. 


Woop, Harry GARDNER, Switchboard 
Engineer, Westinghouse Electric & 
Mfg. Co., 165 Broadway; res., 70 
Riverside Drive, New York, N. Y. 


*WRIGHT, BURDETTE SHIELDS, Assist- 
ant Electrical Engineer, Iowa Rail- 
way and Light Co.; res., 1535 Bever 
Ave., Cedar Rapids, Ia. 

Total 98. 

*Former enrolled Students. 


ASSOCIATES RE-ELECTED 
JUNE 28, 1917 


Gent, E. W., Sales, 
Indianapolis, Ind. 
RAMSAY, JOSEPH W., Instructor in 
Electrical Engineering, University of 
Texas; res., 2406 Wichita St., Austin, 

Tex. 


YounG, WILLIAM ALEXANDER, En- 
gineer in charge of Duct and Cable 
Restoration, U. S. Realty & Improve- 
ment Co., 211 Flatiron Bldg., New 
York, N. Y. 


Esterline Co., 


MEMBERS ELECTED JUNE 28, 1917 


ARNETT, WILLIAM WOODWARD, JR., 
Assistant Electrical Engincer, Bald- 
win Locomotive Works; res, 2116 


Pine St., Philadelphia, Pa. 


PROCEEDINGS OF A. I. E. E. 


[July 


BARTLETT, PERCY HERBERT, Engineer, 
Meter & Installation Depts., Phila- 
delphia Electric Co., 1000 Chestnut 
Sts., Philadelphia, Pa. 

BRADISH, CHARLES BRESEE, Electrical 
Engineer, Industrial Control Dept., 
General Electric Co.; res., 548 Rugby 
Rd., Schenectady, N. Y. 

CALDWELL, BRICE JOHN, Assistant 
General Manager, Caldwell Electric 
Corp.; res., 706 W. Hill St., Cham- 
paign, Ill. 

DEMPSTER, JAMES B., Chief of Electrical 
Department, City of Des Moines; 
res., 1421 E. 12th St., Des Moines, Ia. 

FREEMAN, HERBERT AUGUSTINE, Chief 
Draughtsman, Crocker-Wheeler Co., 


Ampere; res., 128 S. 7th St., Newark, 
N. J. 
GLAUBITZ, HuGH J., Vice-President, 


Sothman Corporation, 40 Exchange 
Place, New York; res., 41 Caryl Ave., 
Yonkers, N. Y. 

HOWARD, BasiL FENWICK, Electrical 
Engineer, Mountain States Telephone 
& Telegraph Co., 1421 Champa St., 
Denver, Colo. 

HuNTER RICHARD B., Designing Engi- 
neer, Cutler-Hammer Mfg. Co.; res., 
1625 Grand Ave., Milwaukee, Wis. 

JONES, ALFRED. Howarp, General 
Manager, McComb & Magnolia Light 
& Railway Co., McComb, Miss. 

KUYLENSTJERNA, ADOLF, Mechanical 
and Electrical Engineer, American 
Railway Co., 917 Witherspoon Bldg., 
И Ра. 


FELLOW ELECTED JUNE 28, 1917 

Jacobs, ERNEsT H., Chief Engineer and 
Assistant General Мапарсг, Elec- 
trical Engincers Equipment Co., 711 
Meridian St., Chicago, Ill. 


— 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its 
meetings mentioned below, recom- 
mended the following members of the 
Institute for transfer to the grade of 
membership indicated. Any objection 
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to these transfers should be filed at 
once with the Secretary. 


Recommended for Transfer June 
15, 1917. 
To the Grade of Member 
BauGuan, ALEX. E., Station Superin- 


tendent, Pennsylvania Water & Pow- 
er Co., Holtwood, Pa. 


EALEs, HERBERT W., Chief Electrical 
Engineer, Union Electric Light & 
Power Co., St. Louis, Mo. 


Jackson, NEWTON, Assistant to Elec- 
trical Engineer, United Gas Improve- 
ment Co., Philadelphia, Pa. 


REvNEaU, P. O., Distribution Engineer, 
Detroit Edison Co., Detroit, Mich. 


КовЕкт5, T. C., Chief Engineer, 
United Verde Copper Co., United 
Verde & Pacific Railway Co., Clark- 
dale, Ariz. 


Recommended for Transfer June 
21, 1917. 
To the Grade of Member 
Petty, ПАут M., Superintendent, 
Electrical Dept., Bethlehem Steel Co., 
Bethlehem, Pa. 


TRANSFERRED TO THE GRADE 
OF MEMBER JUNE 28, 1917 
Grove,  WiLLIAM H., Inspector for 
Electrical Engineer, Edison Electric 
Illuminating Co. of Brooklyn, Brook- 

lyn, N. Y. 

JEFFERSON, W. H., Electrical Engineer, 
Cutler-Hammer Mfg. Co., Milwaukee, 
Wis. | 

PANNELL, ERNEST V., Engineer, British 
Aluminum Co. Ltd., Toronto, Ont. 

SMITH, Ікуімс B., Head of Research 
Dept., Leeds & Northrup Co.,Ambler, 
Pa. 

Sutton, Н. CRAIG, Assistant to Electri- 
cal Engineer, United Gas Improve- 
ment Co., Philadelphia, Pa. 

Tompkins, Н. К. V., Chief Engineer, 


Texas Gas & Electric Co., Houston, 
Tex. 


TRANSFERRED TO THE GRADE 
OF FELLOW JUNE 28, 1917 


SOTHMAN, P. W., Consulting Engineer, 
New York, N. Y. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform the 
Secretary before July 31, 1917. 
Anderson, R. S. (Member), New York, 

N. Y. 

Bailey, H. H. (Member), Columbus, O. 
Blanchard, T. S., Wilmington, Del. 
Broder, G. A., Cleveland, O. 

Bush, G. P., Chicago, Ill. 

Clothier, H. W., Hebburn-on- Tyne, 

England. 

Cushing, R. W., Washington ана 

D. С. 

Delcott, H., Melbourne, Australia. 
DeWitt, H., Detroit, Mich. 
Eitzen, L. C., New York, N. Y. 
Erickson, C. J., Los Angeles, Cal- 
Folds, G. R. (Member), Chicago, Ill. 
Freeman, F. C. (Member), арабе, 
Ра. 
Hess, У. E., Topeka, Kans. 
King, А. B., Minneapolis, Minn. 
Kirkman, B., New York, N. Y. 
Litzebauer, Е. A., Newark, №. J. _ 
McGregor, А. J., New York, М. У. — 
McKenzie, W. L., Lethbridge, Alta. 
Moore, R. W. E. (Member), East Pitts- 
burgh, Pa. 
Morris, F. W.(Member), Brooklyn,N. Y. 
Nash, E. J., Butte, Mont. ©. 
Nukiyama, H., Sendai, Japan. · 
Palmer, J. B., Stratford, England. 
Peck, H. C., Coatesville, Pa. 
Putnam, К. G., E. Pittsburgh, Ра... 
Reid, R., San Francisco, Cal. | 
Ryan, P. D., Washington, D. С. - 
Salicis, С. A., Grand Mere, Quebec . : 


| 
l 
! 
| 
t 
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Schultz, H. W., Beloit, Wis. 

Smilari, M. A., Pittsfield, Mass. 

Suen, S. T., Amoy, China. 

Walker, W. J. (Member), Schenectady, 
N. Y. 

Wallace, W. S., Pittsburgh, Pa. 

Ward, B. E., Washington, D. C. 

Wise, L. D., Fort Mills, P. I. 

Total 36. 


STUDENTS ENROLLED JUNE 28, 
1917 
Hartwig, A. E., Wentworth Inst. 
Rupp, W., Univ., of Wash. 
Benjamin, M. S., Yale Univ. 
Long, M. B., Univ. of Neb. 
Rouse, C. H., Mich. Agri. Coll. 
Reyes, H. B., Cornell Univ. 
Bussey, R. E., Cornell Univ. 
Greene, L. W., Wentworth Inst. 
Sammis, W. H., Columbia Univ. 
Gilchrist, F. W., Ohio State Univ. 
Meyer, C. C., Univ. of Penna. 
Pack, E. P., Wentworth Inst. 
Duren, С. М., Univ. of Mo. 
Wurtenburg, W. G., Wentworth 
Inst. 
Austermiller, E., Rose Poly. Inst. 
Burger, E. J., N. Y. Elec. Sch. 
Cowan, L. A., Jr. Rensselaer 
Poly. Inst. 
Towle, N. L.,Worcester Poly. Inst. 
Sporn, P., Columbia Univ. 
Underwood, F. J., Rice Inst. 
Underwood, P. H., Rice Inst. 
Sporn, M. E., Poly. Inst. of Bklyn. 
Glidden, G. M., Mich. Agri. Coll. 
Stallings, W. A., Colo. Agri. Coll. 
Hodgdon, R. E., N. H. College. 
Dudley, W. A., N. Н. College. 
Beers, H. А., Bucknell Univ. 
Hickling, W. G., Yale Univ. 
Lowry, R. S., Ohio State Univ. 
Taylor, W. D., Bliss Elec. Sch. 
Higgins, D.F., Worcester Poly.Inst. 
Knapp, P. R., Worcester Poly. Inst. 
Schoch, A. J., Univ. of Illinois. 
Ketch, J. M., Univ. of Illinois. 
Hammond, F. M., Cornell Univ. 
Murata, M., Univ. of Illinois. 
Pendarvis, H. R., Univ. of Ill. 
Wu, W. Y., Univ. of Illinois. 


9058 
9059 
9060 
9061 
9062 
9063 
9064 
9065 
9066 
9067 
9068 
9069 
9070 
9071 


9072 
9073 
2 9074 


9075 
9076 
9077 
9078 
9079 
9080 
9081 
9082 
9083 
9084 
9085 
9086 
9087 
9088 
9089 
9090 
9091 
9092 
9093 
9094 
9095 


OF A. I. E. E. [July 
9096 
9097 
9098 
9099 
9100 
9101 
9102 
9103 
9104 
9105 
9106 
9107 
9108 
9109 
9110 
9111 
9112 
9113 
9114 
9115 
9116 


Starr, I. B., Univ. of Neb. 
Miller, H. W.,CarnegieInst.of Tech. 
Akenhead, J. E., Univ. of Wis. 
Grimm, J. E., Jr., Univ. of Wis. 
Ginns, D., Univ. of Penna. 
Swanson, С. W., Pratt Inst. 
Potter, С. E., Univ. of Il. -Z 
Crossley, А., Univ. of М. D. 
Toppel, J.S., ArmourInst. of Tech. 
Lawson,F.I.,CarnegieInst.ofTech. 
Lehmann, F. A., Lafayette Coll. 
Bersie, H. G., Northwestern Univ. 
Novak, F. L., Pratt Institute. 
Rau, E. S., Lehigh University. 
Carter, R. E., Univ. of Mo. 
Addy, J. G., Jr., Pratt Inst. 
Woodward, A. А., Pratt Inst. 
Holly, W. B., Pratt Inst. 
Wood, Н. B., Univ. of Neb. 
Ostergren, C., Yale Univ. 
Humphrey, Н. C. Worcester 
Poly. Inst. 
Webber, T. T., Pratt Institute. 
Teschner, А., Pratt Institute. 
Total 61. 


9117 
9118 


OBITUARY 


Ке 


Mr. WILLIAM SMITH Horry, elec- 
trical engineer with the Union Carbide 
Company, died at Atlantic City on 
April 14, 1917. Mr. Horry was an 
Associate in the Institute. He had done 
a great deal of research work and made 
many inventions along electrical lines. 


Mr. LEwis В. POMEROY, consulting 
engineer, died suddenly on May 7, 1917. 
Mr. Pomeroy was an authority on rail-. 
road shop layouts and equipment and 
had made valuable studies in the matter 
of electrification of steam roads. He 
had been connected with the Carnegie 
Steel Company, American Locomotive 
Company and the General Electric 
Company. 


PERSONAL 


Mr. H. E. J. GLIENKE has formed a 
partnership with Mr. W. H. Carlsen 
under the name of the “Wm. Н. Carlsen 
Company,” electrical contractors, 4920 
Cortez St., Chicago, Ill. 


ж-е” 


- 
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ACCESSIONS TO THE UNITED ENGINEERING SOCIETY LIBRARY 
(From April 3d, to June 1, 1917) 


Unless otherwise specified, books in this list have been donated by the publishers. 


The Society does not assume responsibility for any statements made. 


They are 


taken either from the preface or the text of the book. 


GENERAL INSTRUCTIONS AND METHODS 
OF ÁNALYsIS AND CHEMICAL CoN- 
TROL FOR USE IN THE FACTORIES OF 
THE CUBAN-AMERICAN SUGAR COM- 
PANY. 

By Guilford L. Spencer, N. Y., The 

Cuban American Sugar Company, 1916. 

39 pp., 8х6 in., paper, $1. 


The purpose of this book is to supply methods 
that are applicable in all the company’s fac- 
tories, in obtaining the data required for report 
sheets and permanent records. Definitions of 
terms used by the company are included. 


Gas Cuemists’ HANDBOOK. 

Compiled by Technical Committee, 
Sub-Committee on Chemical Tests, 
1916, of the American Gas Institute. 
C. C. Tutweiler, Chairman, A. F. 
Kunberger, Editor, N. Y., American 
Gas Institute. 354 pp., 9x6 in., 70 
illus., cloth, $3.50. 


The present handbook, a revision of the one 


compiled in 1914, presents methods for sampling 
and testing the materials used in gas manufacture. 
Contents: Raw M aterials; Products of Gas Manu- 
facture; Impurities in Gas; Tar Products; Mis- 
cellaneous and Tables. | 


STRESSES IN WIRE-WRAPPED GUNS 

AND IN Сим CARRIAGES. 

By Lieut. Col. Colden L'H. Ruggles, 
М. Y., John Wiley & Sons, Inc., Lond., 
Chapman & Hall, Ltd., 1916. 11 4- 259 
Pp., 9х6 in., cloth, $3. 

, Explains a number of the important engineer- 
ІШ principles underlying the design of wire-wrap- 

8415 and of gun carriages. Originally 
Prepared for the use of the cadets of the Ц. S. 
Military Academy. Contents: Elastic Strength 
of Wire. Wrapped Guns; Determination of the 
ores Brought upon the Principal Parts of the 
inch Field Carriage and a Disappearing Gun 

age by the Discharge of the Gun; Stresses in 

‘rts of Gun Carriages; Toothed Gearing; 
Counter Recoil Springs. 


TELEGRAPHY. 

A detailed Exposition of the Tele- 
КТарћ System of the British Post Office. 
X ed. rev. and enl. М. Y., The Mac- 
Millan Co.; Lond., Whittaker & Co., 


1916. 204-985 pp., 714x5 in., 630 illus., 
cloth, $3.50. 


Intended as a detailed exposition of the tele- 
graph practice of the British Post Office and for 
students. Mathematics is avoided. This edi- 
tion has been revised to include the latest prac- 
tice and to correct errcrs. 


THE STORY ОЕ BETHLEHEM STEEL. 
By Arundel Cotter, N. Y., the Moody 
Magazine and Book Co., 1916. 65 pp., 
7 6x5 in., 8 pl., cloth, 75 cts. 
Contents: Town Founded by Moravian Col- 
onists; When Schwab Went Down to Bethlehem; 


Bethlehem and the War Stock Boom; Schwab's 
Theories. 


GASOLINE AND How то Use Ir. 

Ву С. A. Burrell, Bost., Oil Statis- 
tical Society, Inc., 1916. 281 pp., 
6х4 5 in., illus., cloth, $1.50. 


The preface states that the aim of this book is 
to provide an intelligent understanding of the 
use of gasoline, to assist the motorist and the far- 
mer, and to give the history of gasoline and 
petroleum. 


MICROSCOPIC EXAMINATION OF STEEL. 
By Henry Fay. Wiley Engineering 
Series No. 3. N. Y., John Wiley & Sons; 
Lond., Chapman & Hall, Ltd., 1917. 
18 pp., 9x6 in., 32 pl., cloth, $1.25. 


The material contained in this volume was 
originally issued by the Ordnance Department 
U. S. A. and was intended for the exclusive use 
of inspectors of ordnance material, but is now 
published for the use of others interested in the 
inspection of steel. It is meant only to present 
a mere outline of metallographic methods illus- 
trating typical examples, but is not for use as a 
text-book. It is intended particularly for those 
who are in need of help in the interpretation of 
results. Over two thirds of the volume consists 
of full page plates. 


STEAM TURBINES. 

A Treatise Covering U. S. Naval 
Practice. By G. J. Myers. Annapolis, 
The U.S. Naval Institute, 1917. 7+246 
pp., 12x8 in., 179 illus., 23 diagrams, 
9 pl., cloth, $4.50 


This book has been prepared to meet the needs 
of an elementary treatise on steam turbines for 
the use of midshipmen at the U. S. Naval Acad- 
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emy, and deals mainly with types found in the 
U. S. Naval Service. 


LABORATORY MANUAL OF BITUMINOUS 

MATERIALS. 

For the Use of Students in Highway 
Engineering. By  Prevost Hubbard. 
М. Y. John Wiley & Sons; Lond., 
Chapman & Hall, Ltd., 1916. 114-1583 
pp., 9x6 in., 38 illus., cloth, $1.50. 


Certain fundamentals not strictly a part of 
laboratory work have been included as a guide 
to students not well versed in the nomenclature, 
classification, and uses of bituminous materials. 


MODERN UNDERPINNING. 

Development, Methods and Typical 
Examples. Ву Lazarus White and 
Edmund Astley Prentis, Jr. (Wiley 
Engineering Series No. 2) N. Y., John 
Wiley & Sons, Inc; Lond., Chapman & 
Hall, Ltd. 1917. 12+94 pp., 9x6 in., 
48 illus. 1 pl., cloth, $1.50. 


Intended to exhibit, by means of photographs 
and drawings, the essential steps in underpinning 
as illustrated by the methods used in subway 
construction in New York City. Only enough 
text to supplement the illustrations included. 
Contents; General Aspects; Development of 
Underpinning and Methods; Shores, Needles, and 
Foundation Reinforcements; Specific Examples 
of Underpinning; Appendix. 


INsTRUCTIONS TO LocATING ENGINEERS 
AND FIELD PARTIES. 
By F. Lavis. N. Y., McGraw-Hill 
Book Co., Inc. (c. 1916) 44 pp., 9x6 in., 
9 diagrams, cloth, $1.(gift of the author.) 


Reproduced in abridged form from “Railroad 
Location Surveys and Estimates”. Originally 
prepared for the use of field parties working under 
his direction in the United States, afterwards 
modified for use in South America and finally 
prepared in the present form for use in China. 
They are intended to secure uniform practice in 
making surveys and in the compilation of the 
results in the form of maps, estimates, etc. 


FRENCH MEASURE AND ENGLISH EQUIV- 
ALENTS. 
By John Brook, N. Y., Spon & 
Chamberlain; Lond., E. & F. N. Spon, 
1917. 7+80 pp., 4x3, 40 cts. 


Vest-pocket size. Gives the English equiva- 
lents of the metric measures of length and weight 
and of the old French, Prussian, Austrian and 
Russian measures of length. A table for reducing 
the usual vulgar fractions of the inch to decimals 
is also given. The English equivalents are given 
in decimal fractions, correct to six places, and 
approximately in vulgar fractions as well. In- 
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tended for engineers, manufacturers and work- 
men. 
STEAM PIPING. 

Its Economieal Design and Correct 
Layout. By A. Langstaff Johnson, Jr., 
N. Y., The Engineering Magazine Co., 
1916. 6--62 pp., 5x8, 3 illus., 4 dia- 
grams, cloth, $2. 

Consolidated and revised from a series of ar- 
ticles published in the Engineering Magazine 
іп 1915. Analyzes the factors governing the 
flow of steam in pipes, and presents a group of 
curves for use in solving the problems of practical 
installation and determining the most economical 
size of pipe to select for any given conditions. 
Contents: How to Find the Right Pipe Sizes; 
Special Conditions Affecting Low-Pressure Sys- 
tems; and Savings Obtainable from Exhaust 
Steam. 

HENDRICKS’ COMMERCIAL REGISTER OF 

THE UNITED STATES. 

For Buyers and Sellers. Twenty-fifth 
Annual Edition, N. Y., S. E. Hendricks 
Со., Іпс., 1916. 1738 рр., 8x10 in., 
illus., cloth, $10. 

A directory of producers, manufacturers, 
dealers and consumers connected with the archi- 
tectural, contracting, electrical, engineering, 
hardware, iron, mechanical, mill, mining, quarry- 
ing, railroad, steel and kindred industries. 
RIVER DISCHARGE. | 

By John Clayton Hoyt and Nathan 
Clifford Grover. 4th ed. rev. and enl. 
N. Y., John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd., 1916. 12 4- 210 
pp. 16x9 in., 23 illus., 7 pl., 2 maps, 
1 diagram, tab., cloth, $2. 

This edition has been revised and brought up 
to date. Chapter V, "Discussion and Use of 
Data” has been largely rewritten, and chapter VI 
has been expanded to cover the field of hydrology. 
Contents: Introduction: Instruments and Equip- 
ment; Structures from which Measurements are 
Made; Velocity-area-stations; Weir Stations; 
Discussion and Use of Data; Hydrology as 
Related to Stream Flow. i 
Spons’ ELECTRICAL POCKET-BOOK. 

A Reference Book of General Elec- 
trical Information, Formulas and Tables 
for Practical Engineers. By Walter H. 
Molesworth. N. Y., Spon & Chamber- 
lain; Lond., E. & F. N. Spon, Ltd., 
1916. 488 pp., 4x7 in., 325 illus., cloth, 


. $2. 


This book has been written for practical engi- 
neers and it has been the aim to treat all subjects 
concisely and to avoid intricate mathematics. 
Full metric conversion tables have been inserted. 
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How то Finp Factory Costs. 

Ву C. Bertrand Thompson. Chic., 
N. Y., Lond., A. W. Shaw Co., 191 pp., 
10х7 in., 51 charts, 1 diagram, 1 tab., 
cloth, $3. 

It is stated that this book is broad enough to 


apply to all kinds of industries, and is intended to 


he useful to the accountant as well as the factory 
head. 


THE BAROMETRICAL DETERMINATION 

OF HEIGHTS. 

A Practical Method of Barometrical 
Levelling and Hypsometry for Sur- 
veyors and Mountain Climbers. By F. 
J. B. Cordeiro. 2 ed. rev. and enl. М. 
Y., Spon & Chamberlain; Lond., E. 
& Е. М. Spon, Ltd., 1917. 26 рр.» 
7x4 in., cloth, 50 cts. 


This little volume was an essay originally 
entered in the Hodgkins Prize Competition held 
under the auspices of the S nithsonian Institu- 
Поп, and was awarded honorable mention. 


DOCUMENTS GOVERNING THE CoN- 
STRUCTION OF A BRIDGE. . 
Including a Reprint of the Specifica- 
"ons, Proposal, Contract and Bond of 
the Columbia River Interstate Bridge, 
à Description of the Structure, and a 
Discussion of the Function of Specifica- 
tuons. By Е. E. Howard, М. Y., John 
Wiley & Sons, Lond. ; Chapman & Hall, 
Ltd, 1916. 113 pp. 8х11 in., 1 pl. 
paper, $1. | 
These specifications have becn printed in book 
form with the thought that they may be of value 
I^ suggesting satisfactory sibstance and arrange- 
ment for like documents, being the product, the 
author states, of a variety of experiences, of 


technical opinions and engineering judgments 
reached only after years of practice. 


QUESTIONS AND ANSWERS RELATING TO 
MopERN AUTOMOBILE DESIGN, CoN- 
STRUCTION, DRIVING AND REPAIR. 


A practical treatise consisting of 


thirty-nine lessons in the form of ques- ` 


tions and answers written with special 
'eference tœ the requirements of the 
nontechnical reader desiring easily un- 
derstood explanatory matter relating to 
all branches of automobiling. By 
Victor W. Page, rev. and enl. ed. N. 
Y., The Norman W. Henley Publishing 
Co, 1917. 15+701 pp., 5x8 in., 397 
llus, 3 pl., cloth, $1.50. 


INSTITUTE AFFAIRS 


197 


FRYE'S TABLES FOR ASCERTAINING 
THE VALUE OF GOLD-QUARTZ SPECI- 
MENS. 

By Jason S. Frye. Downieville, Cal., 
Jason S. Frye, (privately printed) 1916. 
56 pp., 4x3 in., leather, $1 (gift of the 
author). 

Vest-pocket book of tables for finding the 
percentage of gold and the value per ounce from 


the specific gravity of gold-quartz specimens con- 
taining different amounts of gold. 


MUNICIPAL ENGINEERING PRACTICE. 

By A. Prescott Folwell. М. Y., John 
Wiley & Sons, Inc.; Lond., Chapman & 
Hall, Ltd., 1916. 11+422 pp., 9x6 in., 
112 illus., 1 pl., cloth, $3.50. 


This book has been written to treat at greater 
leigth practical information concerning street 
cleaning, public comfort stations and other sub- 
jects not treated i1 most of the text-books on 
municipal е 101 зееті 19. Contents: Fundamental 
Data; The Cit; Pla^; Street Surface Details; 
Brilges and Waterways; City Surveying; Street 
Lizhts, Sizzs aid Numbers; Street Cleaning and 
Sprinkling; Disposi ig of City Wastes; Markets, 
Comfort Stations а14 Baths; Parks, Cemeteries 
and Shade Trees. 


A HANDBOOK FOR CANE-SUGAR MANU- 
FACTURERS AND THEIR CHEMISTS. 
By Guilford L. Spencer. 5th ed. enl. 

N. Y., John Wiley & Sons, Inc.; Lond., 

Chapman & Hall, Ltd., 1916. 15-4529 

pp., 7x4 in., 83 illus., 1 pl., leather, $3.50. 
The book 15 divided into two parts; Manu- 

facture of Cane-Sugar, and Sugar Analysis; а 
chapter is also included on sugar refining as 
practised 11 the United States. The Che rical 
section of the book has been revised to meet the 
conditions of the very large factories now in 
operation. 

CENTRAL-STATION ELECTRIC SERVICE. 
Its Commercial Development and 

Economic Significance as Set Forth in 

the Public Addresses (1897-1914) of 

Samuel Insull. Edited, with an Intro- 

duction by William Eugene Kelly. Chic. 

Privately printed, 1915. 39+495 pp., 

9x6 in., 105 illus., 36 pl., cloth. (gift 

of the author.) 


A collection of forty speeches bearing on central 
station electric service, delivered by the author 
between 1897 and 1914. The editor states that 
these addresses are the work of one who has led 
the way to new conceptions of the economic 
functions of central station electric service, and 
that much information of historical value, some 
of it never before published, is scattered through 
the book. 
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THE VENTILATION HAND Book. 

The Principles and Practice of Venti- 
lation as Applied to Furnace Heating; 
Ducts, Flues and Dampers for Gravity 
Heating; Fans and Fan Work for 
Ventilation and Hot Blast Heating. 
By Charles L. Hubbard. М. Y., Sheet 
Metal Publishing Co., 1916. 218 pp., 
8x6 in., 137 illus., cloth, $2. 


A series of questions, answers and descriptions, 
with illustrations, arranged from a series of ar- 
ticles prepared for Sheet Metal. Care has been 
taken to keep all descriptions and mathematical 
work well within the understanding of the student 
and beginner. 


MINE GASES AND VENTILATION. 
A Reference Handbook Combining 
Theory and Practice of Coal Mining: 


Designed to meet the needs of all. 


students of coal mining including 
mining engineers, mine superintendents, 
foremen, firebosses, shotfirers and miners 
preparing for examination for certifi- 
cates of competency. By J. T. Beard. 
N. Y., Hill Publishing Co., 1916. 206 
pp., 7x5 in., flexible cloth, $2. (gift of 
the author. ) 


Composed of material on the atmosphere, 
gases and ventilation of mines which has appeared 
in pocket book form, in the “Study Course in 
Coal Mining’’ department of Coal Age since 
March, 1913, and which was prepared in response 
to requests from coal miners who wished to know 
the development of formulas, the explanation of 
principles and the most approved and generally 
adopted methods. Contents Air; Heat; Mine 
Gases; Theory of Ventilation; Practical Ventila- 
tion, Addenda. 


MUNICIPAL ACCOUNTING. 

By DeWitt Carl Eggleston. М. Y., 
The Ronald Press Co., 1914. 22-+456 
рр.» 9x6 in., 113 diagrams, 16 leather, $4. 


Intended to furnish practicing accountants, 
municipal accountants and students with a com- 
plete method of municipal accounting, represent- 
ing the best modern practice. The methods 
described are intended for the larger cities, but a 
special chapter on accounting for smaller cities is 
included. Many of the methods employed in 

‚ New York are presented. 


STEAM POWER. 

By C. F. Hirshfeld and T. C. UI- 
bricht. N.Y., John Wiley & Sons, Inc. 
Lond., Chapman & Hall, Ltd., 1916. 
8 +420 pp., 8х5 in., 91 illus., Cloth, $2. 


An attempt to collect in a comparatively small 
book such parts of the field of steam power as 
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should be familiar to engineers whose work does 
not require that they be conversant with the more 
complicated thermodynamic principles considered 
in advanced treatments. Mathematical treat- 
ment of the subject has been eliminated to the 
greatest possible extent. Intended for use as а 
text-book by students of civil engineering and in 
teaching power plant operators. 


- AZIMUTH. 


By George L. Hosmer. 2nd ed. rev., 
N. Y., John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd., 1916. 5+73 
pp., 5x7 in., 6 illus., leather, $1. 


This handbook is intended to present in com- 
pact form certain approximate inethods of de- 
termining the true bearing of a line, together 
with the necessary rules aad tables arranged in a 
simple manner so that they will be useful to the 
practical sirveyor. This edition contains a new 
method for finding the azimuth by an observation 
on the pole star at any hour angle when the local 
time is known. The tables of the sun's declina- 
tion have been extended to 1919 and new star 
maps are given. 


HAND BOOK OF CASINGHEAD Gas. 

By Henry P. Westcott. Erie, Metric 
Metal Works, 1916. 9--274 pp., 5x8 
in., illus., cloth, $2.50. | 


Method, statistics, etc., intended to supply 
information on the processes used for extracting 
gasoline from natural gas. Based on visits to 
many existing plants and a study of their reports. 
Contents: General Physical Properties of Casing- 
head Gas Wells; Construction of Pipe Lines; 
Measuring Casinghead Gas; Gasoline Plant, 
Compression Method; Gasoline Plant, Absorp- 
tion Method; Transportation of Gasoline; Mis- 
ceilaneous. 


A DISCUSSION OF THE PRINCIPLES AND 
PRACTICE UNDERLYING CHARGES FQR 
WATER, Gas, ELECTRICITY, CoM- 
MUNICATION AND TRANSPORTATION 
SERVICES. 

By Harry Barker. М. Y., McGraw- 
Hill Book Co., Inc.; Lond., НШ Pub- 
lishing Co., Ltd., 1917. 14 +387 рр., 
9x6 in., cloth, $4. 


The author's aim has been to present, concisely 
and impartially, and as far as possible, in non- 
technical language, the diverse phases of rate 
making for public utilities, including a compre- 
hensive discussion of (1) such corporation and 
municipal activities as affect service and rates; 
(2) the trend of public opinion and Court and 
commission decisions; and (3) the most important 
engineering and economic problems involved, 
with the hope that it will prove of service to 
lawyers and legislators, to editorial writers of the 
daily press, to students of municipal affairs, and 
to the general public. Contents: Development 
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of Utility Regulation, Utility Privileges ani Ob- 
lgations, Rights of the Public; Product and 
Service Companies, Some Definitions of Rates 
and Services; Various Bases for Rates; Details of 
the Cost-of-Service Study of Rates, Test for 
Fired and Operating Charges; Fair Value of a 
Utility Property; Valuation as an Engineering 
Task, Appraisal of Land and Water Rights; 
Reasonable Return, Interest, Compensation for 
Risk and Attention, Extra Profits; Depreciation 
as it Affects Utility Rates; Miscellaneous Prob- 
lems Indirectly Related to Rate-Making; Prob- 
lems of Railway Rates; Problems of Express 
Transportation Rates; Rate Problems of Street 
and Interurban Railway Transportation; Prob- 
lems of Water Rates; Rate Problems of Gas 
Utilities; Rate Problems of Electricity Supply 
Works; Problems of Telephone Rate-Making; 
Appendix A. B. C. D. 


TUBE MILLING. 

A Treatise on the Practical Applica- 
tion of the Tube Mill to Metallurgical 
Problems. By Algernon Del Mar. N. 
Y.. McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 10+159 
рр., 6x9 in., 70 illus., 1 pl., cloth, $2. 


Covers the use of the conical and cylindrical 
tube mills for grinding ores, indicating in detail 
the best means of obtaining capacity at the least 
cost, and describing recent installations. It is, 
the author states, the only book entirely devoted 
to the subject. Contents: General Description; 
Amalgamating with the Tube; Grinding Ores with 
the Tube Mill for Flotation; Crushing Efficien- 
cies; The Use of Wrought Iron and Alloy Steel; 
Appendix. | 


THE NavAL ARCHITECTS’ AND SHIP- 
BUILDERS’ Роскет-Воок OF FORMU- 
LAS, RULES, AND TABLES. 

And Marine Engineers’ and Sur- 
Veyors' Handy Book of Reference. By 
Clement Mackrow and Lloyd Wood- 
land. 11th ed. thoroughly rev., with a 
section on aeronautics. М. Y., The 
Norman W. Henley Publishing Co., 
1916. 12--742 pp., 6x4 in., 150 illus., 
flexible leather, $5. 


The continual development of the science of 
Naval architecture and the tendency towards 
Standardization and regulation of parts of the 
structure and equipment of ships have created a 
need, the authors state, for a new edition of this 
Work, Their object has been, as in former edi- 
tions, to condense into a compact form all the 
data and formulas ordinarily required by the 
shipbuilder or naval architect. А new section 
90 Speed and Horse-Power has been inserted, 
‘gether with a brief description of modern 
Methods of powering and determining forms 
‘table from a propulsive standpoint; the sec- 
tions on strength of materials, riveted joints and 
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stresses in ships have been considerably extended; 
information on British standard sections, screws, 
keys, etc., has been added as well as two new 
sections on aeronautical matters. The remaining 
subjects treated, which were also in previous edi- 
tions, have been brought completely up-to-date. 


RAILWAY TRACK ECONOMICS. 

A Tabloid Treatise Upon Railroad 
Problems. By August E. Liebman. rev. 
ed. Chic., (privately printed) 1916. 66 
рр. 614x5in., leather, $3. (gift of the 
author. ) 


The author states that he presents in tabloid 
form some criticism and recommendations for 
solving the problems of maintenance costs. 


VALUATION, DEPRECIATION AND THE 

RATE-BASE. 

By Carl Ewald Grunsky and Carl 
Ewald Grunsky, Jr. N. Y., John 
Wiley & Sons, Inc.; Lond., Chapman 
& Hall, Ltd., 1917. 8+387 pp., 9x6 
in., cloth, $4. (gift of the author and 


publisher.) 

The author states that this book is the result 
of personal contact with the valuation problem. 
Special consideration has been given to a dis- 
cussion of the non-agreement of the actual life 
of articles which have a limited period of use- 
fulness with their probable or normal life. Тһе 
tables included are not only intended for valuation 
engineers, but for any one having problems of 
finance and bonding to solve. Contents: Intro- 
duction and General Notes; Definitions; Funda- 
mental Principles; Essentials of Value; Elements 
Which Reduce Value; The Effect of the Non- 
Agreement Between Actual and Probable Life 
Upon the Determination of Depreciation; The 
Purpose of the Appraisal; The Fixing of Rates; 
Possible Procedures when the Rates for a Public 
Service are to be Fixed; Notes on the Determina- 
tion of the Value of Real Estate іп Eminent 
Domain Proceedings and for Rate Fixing Pur- 
poses; The Value of a Water-Right and of Reser- 
voir and Watershed Lands; The Accounting 
System; The Valuation of Mines and Oil Proper- 
ties by C. E. Grunsk,, Jr., Tables. 

THE INDUSTRIAL AND ARTISTIC TECH- 
NOLOGY OF PAINT AND VARNISH. 
By Alvah Horton Sabin. 2d ed. rev. 

N. Y., John Wiley & Sons, Inc.; Lond., 

Chapman & Hall, Ltd., 1917. 10+473 

рр. 9x6 in., 10 pl., 10 illus., cloth, $3.50. 

Written to give a correct general outline of the 
subject, with a brief account of the modern use 
of paints and varnishes, and of the principles 
involved in their fabrication and application. 
This edition is nearly one-third larger than the 
first one and takes cognizance of the changes in 


the character of the cheaper varnishes due to the 
use of tung oil. 
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THE WoRLD’s MINERALS. 


By Leonard J. Spencer, with an ap- 
pendix by №. D. Н. Hamman. М. Ү., 
Frederick A. Stokes Co., 1916. 11--327 
pp., 8x6 in., 40 pl., 21 diagrams, cloth, 
$2.75. 


An attempt to present a popular and readable 
account, in the main confined to the 116 species 
of the more common simple minerals, which will 
help the student collector to identify his own 
specimens. Forty color-plates are included. 


INDUSTRIAL PREPAREDNESS. 


By C. E. Knoeppel. N. Y., The 
Engineering Magazine Co., 1916.6+145 
pp., 8x5 in., cloth, $1. 


A study of Germany's military and industrial 
preparedness intended to point the way to na- 
tional greatness through the right kind of social, 
industrial and military preparedness. 


USE OF WATER IN IRRIGATION. 


By Samuel Fortier. 2d ed. N. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1916. 16+325 
pp., 8x6 in., 75 illus., 8 pl., cloth, $2. 


The first edition, which appeared in 1914, dealt 
with the agricultural side of irrigation. In the 
present edition the article on the measurement of 
water has been revised and enlarged, and a new 
one added on sewage irrization. A new chapter 
on the “Use of Water in Foreign Countries” is a 
most important addition to the book. Contents: 
Introduction; The Irrigated Farm; The Neces- 
sary Equipment and Structures; Methods of 
Preparing Land and Applying Water; Waste 
Measurement; Delivery and Duty of Water; 
Irrigation of Staple Crops; Use of Water in For- 
eign Countries. 


ENGINEERING ANALYSIS OF A MINING 
SHARE. 


By J.C. Pickering. М. Y., McGraw- 
Hill Book Co., Inc; Lond., Hill Pub- 
lishing Co., Ltd., 1917. 8+95 pp., 
9x6 in., cloth, $1.50. (gift of the 
author. ) 


An endeavor to set forth the considerations 
which enter logically into the analysis of a mining 
venture, approached from an engineering view- 
point. Contents: Classification of Mining 
Properties; Development Companies; Elements 
to be Considered in the Analysis of a Mining 
Report; Operating Profits vs. Dividends; Deter- 
mination of the Value of a Mine or Mining Share; 
Valuing Mine Products; World's Gold Production 
with a Review of the World’s Greatest Gold- 
field; Mining vs. Industrial and other Types of 
Investments with an Analysis of the Affairs of 
Typical Mining Companies. 
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ELECTRIC TRACTION. 

А Treatise on the Application of 
Electric Power to Tramways and Rail- 
ways. By A. T. Dover. N. Y., and 
Lond., Whittaker & Co., 1917. 184-667 
pp., 9x6 in., 518 illus., 5 pl., cloth. 


Intended for engineers and advanced students. 
Representative examples of modern tramway and 
railway practice are included, but detailed ac- 
counts of electrification have been omitted and 
generating stations and transmission lines have 
not been considered. Contains a bibliography on 
electrification, and a number of worked examples 
have been included in the text. Contents: 
Mechanics of Train Movement; Motors; Control; 
Auxiliary Apparatus; Rolling Stock; Detailed 
Study of Train Movement; Track and Overhead 
Construction; Distributing Systems and Sub- 
stations. 

STANDARD METHODS FOR THE EXAM- 
INATION OF WATER AND SEWAGE. 
By the American Public. Health 

Association. 3d ed. Bost., American 

Public Health Association, 1917. 115 

pp., 10х7 in., 1 illus., cloth, $1.25. 

This volume is the result of the combined labors 
of three committees namely: the committee of 
the American Public Health Association; Ameri- 
can Chemical Society; and the Association of 
Official Agricultural Chemists. Тһе 1912 edition 
has been modified by the addition of methods for 
the examination of sewage sludge and inuds, the 
analysis of сһе‹піса15 used іп the treat:nent of 
water, and the deter:nination of chlorine. Changes 
also have been made in the technique ef existing 
methods. Bacteriological, cheinical and micro- 
scopical bibliographies are included. 


A HANDBOOK OF BRIQUETTING. 

By G. Franke. Translated by Fred 
C. A. H. Lantsberry vol. 1. The 
Briquetting of Coals, Brown Coals, and 
Other Fuels Phila., J. P. Lippincott Co.; 
Lond., Charles Griffin and Co., Ltd., 
1917. 19-631 pp., 9x6 in., 225 illus., 
9 pl., cloth, $9. 


This book is not only intended as a handbook 
for those engaged in the industry, but can be used 
as a text book in schools of mining and metal- 
lurgv and technical high schools. The trans- 
lator adds that the object of the translation is to 
put in the possession of English industrial leaders, 
knowledge which other countries have been 
compelled to acquire. 


THE MECHANISM OF THE LINOTYPE. 

A Complete and Practical Treatise on 
the Installation, Operation and Care of 
the Linotype, for the Novice as well as 
the Experienced Operator. By John S. 
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Thompson. 6th ed. rev. Chic. The 
Inland Printer Co., 1916. 10 4-280 pp., 
156 in., 77 illus., 1 por., leather, $2. 
The present edition of this text-book embodies 
all the improvements made in the Linotype to the 

Present time. A brief sketch is given of Ottmar 

Mergenthaler, the inventor of the Linotype. 

A MANUAL OF FIRE PREVENTION AND 
FIRE PROTECTION FOR HOSPITALS. 
By Otto R. Eichel. N. Y., John 

Wiley & Sons: Lond., Chapman & Hall, 


Ltd, 1916. 5469 pp. 7х5 in. 
cloth, $1. 


An outline of the principles of fire prevention 
and Protection, with indications for their appli- 
Cation in institutions housing the sick, based on 


the personal observation and study of the author, 
who is Director of the Division of Sanitary Super- 
visors, New York State Department of Health. 


PRACTICAL SHEET МЕТА! Duct CoN- 
STRUCTION. 


A Treatise in the Construction and 
Erection of Heating and Ventilating 
Ducts. By William Neubecker. N. 
Y., The Sheet Metal Publishing Co., 
1916. 194 pp., 8x6 in., 217 illus., cloth, 
$2. 

The plan of the present work is to take up each 
operation, and by means of descriptions (usually 
illustrated) to show all operations incident to the 


construction and erection of heating and venti- 
lating ducts. 
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EMPLOYMENT BULLETIN 


Vacancies The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 

during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 

not later than the 20th of the month if publication in the following issue is de- 


sired. 
mailed to Institute headquarters. 


. VACANCIES. 


У-247. Draftsman (Electrical) ex- 
perienced on power station and substa- 
tion layout. Location Brooklyn, N. Y. 


V-248. Draftsman and Checker, ex- 
perienced on power station and substa- 
tion wiring diagrams. Steady position. 
Location Brooklyn, N. Y. 


V-249. A prominent manufacturer of 
electrical instruments with old estab- 
lished business; has opening for district 
sales agent, Chicago territory. This 
opening can be secured only by high- 
grade man known to the trade in this 
territory. 


V-250. Oppoitunity for several young, 
technically trained теп, preferably 
with some practical experience, with 
public service commission of New York. 
Salary about $90 per month to start. 
Please give particulars as to tráining, 
age, and experience. 


MEN AVAILABLE 


778. Graduate Electrical Engineer, 
with four years' experience in design, 
and several years of shop and of general 
office work, wishes position in engineer- 
ing or production department of a 
manufacturing concern.  Correspond- 
ence invited. Е ' 


779. Position desired as assistant to 
electrical engineer, superintendent or 
consulting engineer, by M. I. Т. 
graduate, (E. E.). Seven years as elec- 
trical engineer in charge of construction 
and sales for Westinghouse Co. Past 
two years with leading engineering 
corporation, Boston, designing power 
and industrial plants. Age 35, married; 
minimum salary $200 monthly. 


780. Electrical Engineer, technical 
graduate, (1908). Nine years' experience 
covering inspection, installation and 


АТ! replies should be addressed to the number indicated in each case, and 


operation of insulated wires and cables, 
and also public service operation and 
engineering. Position in New York City 
or New England states preferred. 


781. A Russian Electrical Engineering 
graduate of an American university, 
with broad sales, construction and pub- 
lic utility experience; and good con- 
nections in Russia, will consider a 
proposition from manufacturing or 
consulting engineering concern desirous 
of developing Russian business. Avail- 
able September 15. | 


782. Ап experienced teacher of elec- 
trical engineering desires position with 
larger opportunities for advancement. 
Laboratory specialist. At present act- 
ing director in middle western school. 
Consulting utility engineer. Age 29; 
married. 


783. Electrical Technical graduate, 
age 25. Five years’ practical experience, 
mostly power plant and substation 
installations. Desires position with 
lighting or power company, commercial 
end preferred, with good chance: for 
advancement. Location no object; 
willing to travel. Detailed information 
furnished on request. 


784. Mechanical and Electrical Engi- 
neer, 32, technical graduate; at present 
engineer for a company manufacturing 
special electrical and mechanical ap- 
paratus. Has had considerable exper- 
ience in design and estimating, and in 
administrative work. Would accept 
position as engineer with a manufac- 
turing or engineering company. Salary 
expected, $2400. Married. 


785. Statistical Operating Electrical 
Engineer. Technical graduate. Capable 
of organizing or taking full charge of 
statistical department. Experience at- 
tained with large holding public utilities 
corporations. Salary $3000. 


* 
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_ 186. Professor of Electrical Engineer- 
ing, with valuable commercial, engineer- 
Ing and teaching experience, is available 
for an appointment that offers good op- 
portunities. Author of two successful 
textbooks. Available immediately. 


787. Electrician and draftsman, 33, 
desires situation, preferably in West. 
High school and correspondence school 
education; also individual study. Four 
years in large hydroelectric stations; 
eighteen months in railway signal work; 
ve years drafting in electrochemical 
concern and for large central station 
company. American. 


788. Mechanical and Electrical Engi- 
neer, 36, technical graduate; fifteen 
years’ experience in design, construc- 
tion, operation of power plants and 
lines, water works and mains, would 
consider position as mechanical engineer 
or as superintendent. Permanent posi- 
tion only considered. 


789. Technical Graduate, (M. E., 
1917, with machine shop and automo- 
bile experience, desires position in power 
plant economy, testing department 
or similar line, in or near New York 
City. Hard worker; willing and adapt- 
able. Age 22. 


.—- ————— —————— Hn 
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OFFICERS AND BOARD OF DIRECTORS, 1916-1917. 


PRESIDENT. 
(Term expires July 31, 1917) 


H. W. BUCK 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1917) 
PAUL M. LINCOLN 


(Term expires July 31, 1918) 
JOHN J. CARTY 


VICE-PRESIDENTS. 


(Term expires July 31, 1917) 
C. A. ADAMS 

J. FRANKLIN STEVENS 
WILLIAM McCLELLAN 


(Term expires July 31, 1918) 
B. A. BEHREND 

P. JUNKERSFELD 

L. T. ROBINSON 


MANAGERS. 


(Term expires July 31, 1917) 
FREDERICK BEDELL 
BANCROFT GHERARDI 
A. S. McALLISTER 
JOHN H. FINNEY 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY. 
RALPH W. POPE 


(Term expires July 31, 1917) 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN. 
‘HARRISON W. CRAVER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.— 1884-1916. 


"NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8 
EDWARD WESTON, 1888-9. 

ELIHU THOMPSON, 1889-90 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-02 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
*LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897.8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02 


*Deceased. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4 
JOHN W. LIEB, 1904-5 
SCHUYLER SKAATS WHEELER, 1905-6 
SAMUEL SHELDON, 1906-7 
*HENRY С. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 
C. О. MAILLOUX, 1913-14. 
PAUL M. LINCOLN, 1914-15. 
JOHN J. CARTY, 1915-16. 
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INSTITUTE COMMITTEES. 


Revised to July 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 
H. W. Buck, Chairman, 
‚ 49 Wall Street, New York. 
N. А. Carle, George А. Hamilton, 
]ohn H. Pinnev, William McClellan, 
Bancroft Gherardi, J. Franklin Stevens. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
Т 1326 Chestnut Street, Philadelphia, Pa. 
N. À. Carle, Bancroft herardi. 


MEETINGS AND PAPERS COMMITTEE. 

L. T. Robinson, Chairman, 

General Electric Company, Schenectady, N. Y. 
-Chubb, Secretary, W. E. and M. Co. East 


Pittsburgh, Pa. 
Prederick Bedell, F. W. Peek, Jr. 


Philander Betts, F. L. Rhodes, 
о Clark, D. W. Roper, 
G. De Remer, Harris J. Ryan, 
огпот, Т.Н. Schoepf 
Edward P. Hyde, Charles P. Steinmetz, 
L. E. Imlay, N. W. Storer, 


E. H. Martindale, Wilfred Sykes. 


EDITING COMMITTEE. 
W. 1. Slichter, Chairman, 
Columbia University, New York. 
Frederick Bedell, L. T. Robinson, 
M. G. Lloyd, C. E. Skinner. 


Р CODE COMMITTEE. 
arley Osgood, Chairman, 
763 Broad Street, Newark, N. J. 


. Forsyth, H. R. Sargent, 
. B. Gear, G. A. Sawin, 
А.Н. Griswold, A. M. Schoen, 


. Lacount, George F. Sever, 
ohnston Livingston, C. E. Skinner, 
елгу N. Muller H. S. Warren. 


n BOARD OF EXAMINERS. 
5. McAllister, Chairman, 
ЕВ W. 23rd Street, New York. 
B. Katte, W. I. Slichter, 
F. L. Rhodes, Philip Torchio. 


W. SECTIONS COMMITTEE. 
С А. Hall, Chairman, 
Jeneral Electric Company, West Lynn, Mass. 
P e Remer, А. M. Schoen, 
aul M. Lincoln, J. H. Tracv, 
and the chairmen of all Institute Sections, 
ex-officio. 


H MEMBERSHIP COMMITTEE. 
yod Goodwin, Jr., Chairman, 


G Chestnut treet, Philadelphia, Pa. 
3! Baker, W. С. Chace, 
Blake, ' H. W. Flashman, 


E. H. Martindale. 


un the chairmen of the Membership Committees 
0 all Sections. 


Caly PUBLIC POLICY COMMITTEE. 
vert Lao wnley, Chairman, 
E.A 165 Broadway, New York. 


ovv Carolan, A. M. Hunt, 

pm. Carty, William McClellan, 
Cann Darlington, H. H. Porter, 

] he Dunn, C. S. Ruffner, 

дп B. Fisken A. M. Schoen, 


р . M. 
L. B. Stillwell, 


COMMITTEE ОМ DEVELOPMENT ОЕ 
John H. WATER POWER 

Finney, Chairman, 
Metropolitan Bank Building, Washing- 


ton 
3 . D. C. 
FO: Blackwell, Nicholas S. Hill, Jr., 
Gano Dylossom, Е A. Lof, 
nn, . Powelson, 


L. B. Stillwell. | 


C. 


STANDARDS COMMITTEE. 
A. Adams, Chairman, 


Massachusetts Institute of Technology, Cam- 


bridge, Mass. 


Harold Pender, Secretarv, 


University of Pennsy lvania, Philadelphia, Pa. 


P. G. Agnew, H. M. Hobart, 
Frederick Beiell, H. D. James, 
In Bijur, P. Junkersfeld, 

. F. Blume, A. E. Kennelly, 
James Burke, G. L. Knight, 

G. A. Burnham, A. S. McAllister, 
М.А. Carle, W. M. McConahey, 
E. J. Cheney, W. L. Merrill, 

H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
P. P. Cox, C. H. Sharp, 

W. A. Del Mar, C. E. Skinner, 
E. J. Edwards, A. J. Slade, 

H. W. Fisher, N. W. Storer, 
W. S. Gorsuch, В. B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 


so > о 


Louis Bell, 
James Burke, 
John J. Carty, 
Gano Dunn, 
H. M. Hobart, 
John W. Lieb, 
R. B. Owens, 


OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


O. Mailloux, President, 

20 Nassau Street, New York. 
B. Crocker, Vice-President, 
E. Kennelly, Secretary, 

Harvard University, Cambridge, Mass. 
. A. Adams, M. I. Pupin, 
. А. Behrend, E. B. Rosa, 
Charles F. Scott, 
Clayton H. Sharp, 
Samuel Sheldon, 
C. E. Skinner, 
Charles P. Steinmetz, 
Elihu Thomson, 
Philip Torchio. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 


Bion J. Arnold, 


80 Maiden Lane, New York. 
Charles А. Terry, 


John F. Kelly, B. F. Wood, 


EDISON MEDAL COMMITTEE. 


A p pointed by the President for terms of five years. 


Term expires July 31, 1917. 


А. E. Kennelly, Chairman, Robert T. Lozier, 
S. G. McMeen. ; 
Term expires July 31, 1918. 
H. W. Buck ХЭ: Scheffler, 


Charles F. Bru л 


Carl Hering, 


W. C. L. Eglin, 


J. Franklin Stevens. 


Term expires miy 31, 1919. 
W. Storer, 
C. Е 


Term expires July 31, 1920. 
Harris J. Ryan. 
Term expires July 31, 1921. 


Bancroft Gherardi, 
W. Rice, Jr. 


Elected bv the Board of Directors from its own 


B. A. Behrend, 
C. A. Adams, 


H. 


membership for terms of lwo years. 
Term expires July 31, 1917. 


Paul M. Lincoln, 
William McClellan. 


Term expires July 31, 1918. 
Harold Pender, 
C. E. Skinner. 


Ex-Officio. 
W. Buck, President, 


шаг ds A. Hamilton, Treasurer, 
L. Hutchinson, Secretary, 


ge 
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POWER STATIONS. 
J. G. De Remer, Chairman, 
55 Liberty Street, New York. 
J. M. Drabelle, S. A. Moss, 
C c. Egbert, R. J. S. Pigott, 
W. S. Gorsuch, Cecil Poole, 
John Harisberger, E. F. Scattergood, 
A. H. Kruesi, F. A. Scheffler, 


Paul M. Lincoln, ] 
Wynn Meredith, Philip Torchio, 
. Moultrop, H. L. Wallau, 
B. F. Wood. 


W. R. Thompson, 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 
Niagara Falls Power Co., Niagara Falls, N. Y. 
H. A.B Barre, P. M. Lincoln, 
M. T. Crawford, W. E. Mitchell, 
E. E. F. Creighton, G. J. Newton, 
H. H. Dewey, L. C. Nicholson, 
P. M. Downing, W. D. Peaslee, 
H. W. Fisher, Stefaan Piek, 
Е.А. Gaby, С. S. Ruffner, 
W. T. Goddard, H. J. Ryan, 
O. A. Havill, F. D. Sampson, . 
R. F. Hayward, H. E. Shedd, 
J. P. Jollyman, Julian C. Smith, 
P. H. Thomas. 


TRACTION AND TRANSPORTATION. 
N. W. Storer, Chairman. 


Westinghouse E. & M. Co., East Pittsburgh, Pa. 


Harry H. Adams, P. J. Kearny, 

A. H. Babcock, William McClellan, 
Reinier Beeuwkes, Jonn Murphy, 

E. L Blair, . B. Potter, 

L. Crecelius, E. D. Priest, 

J. V. B. Duer, Charles H. Quinn, 
George Gibbs, Clarence Renshaw, 
W. J. Harvie, A. S. Richey, 
Hugh Hazelton, Charles F. Scott, 
E. B. Katte, John B. Taylor, 


H. S. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Co., Cleveland, Ohio. 


H. W. Cope, С. А. Johnstone, 
I H. Davis, С.А. Kelsey, 
ames Dixon, C. L. Kennedy, 
А. M. Dudley, Charles D. Knight, 
Herbert D. Dwight, А. H. Lawton, 
В. W. Ells, . А. M. MacCutcheon, 
. E. Fries, А. С. Pierce, 
. В. Fishback, James М. Srmr ith, 
R. H. Goodwillie, H. Weichsel, 
А. L. Hadley, J. B. Wiard, 


R. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 
N. Chamberlin, Richard С. Powell, 


C. E. Clewell, E. B. Rosa, 
. R. Cravath, W. D'A. Ryan, 
. S. Perkins, Clayton H. Sharp, 
W. M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE. 


Philander Betts, Chairman, 
790 Broad Street, Newark, N. J. 
Harold Almert, A. H. Kruesi, 
W. H. Blood, Jr. William McClellan, 
Fred А. Bryan, Norman C. McPherson, 
C. L. Cory, Allard Sn:ith, 
Harry Clifford Eddy, W. G. Vincent, 
У. В. Jackson, . George W. Witterore, 
Clifton. W. Wilder 


Оки т] 


PROTECTIVE DEVICES. 
D. W. Roper, Chairman, 
72 W. Adams St., ee ПІ. 


L. L. Elden, БЖ. Меуег, 

G. Faccioli, L. C. Nicholson, 

V. E. Goodwin, N. L. Pollard, 
S. D. Sprong, 


E. M. Hewlett, 
Paul M. Lincoln, Philip Torchio, 
H. R. Woodrow. 
ELECTROCHEMISTRY AND ELECTRO- 
METALLURGY. 
T. H. Schoepf, Chairman, 
W. E. and М. Co., East Pittsburgh, Pa. 
weler J. Beck, F. G. Liljenroth, 


A.J Fitzgerald, Eugene . Roeber, 
А. В. Ganz, . А. Зееде, 
Е. А. Lidbury, . Tencher. 

ELECTROPHYSICS. 

F. W. Peek, Jr., Chairman, 

General Électric Company, Pittsfield, Mass. 
Frederick Bedell, E. B. Rosa, 
A. C. Crehore, Harris J. Ryan, 
G. Faccioli, Clayton H. Sharp, 
C. L. Fortescue, C. P. Steinmetz, 
W. S. Franklin, P. H. Thomas, 
A. E. Kennelly, J. B. Whitehead. 


TELEGRAPHY AND TELEPHONY. 


. L. Rhodes, Chairman, 
7195 Broadway, New York. 
. W. Alexanderson, Kempster B. Miller, 
. E. Chet wood, . Mouradian, 
. M. Davis, W. O. Pennell, 
жи Fortescue, Allard Smith, 
nM- Friendly, John S. Stone, 
B. Jewett, John B. Taylor, 
M. Kintner, J. L. Wayne, 3rd 
Wm. Maver, Jr., G. M. Yorke, 
MARINE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th & Chestnut Sts., Phila- 
delphia, Pa. 
D. M. Mahood, Secretary, 
Sperry Gyroscope ‘Compan 
Manhattan Bridge Plaza. Brooklyn, N. Y. 
. B. Chillas, Jr., Guy НШ, 
W. Day, O. P. Loomis, 
С.А. Pierce, Jr., 
H. M. Southgate, 


W. R. Furlong, E. А. Sperry, 
H. L. Hibbard, Wilfred Sykes, 
F. W. Wood. : 


COMMITTEE ON USE OF ELECTRICITY 
IN MINES 


H. H. Clark, Chairman, 
U Bureau of Mines, 
40th & Butler Streets, Pittsburgh, Pa. 
Frank E. Alexander, L.C Iisley, 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, Charles Legrand, 
W. А. ре Charles M. Means, 
Е. J. Duffy, K. A. Pauly, 
H. M. Warren. 


IRON AND STEEL INDUSTRY. 
Wilfred Sykes, Chairman, 
Box 242, East Liberty, Pa. 


5. С. Соеу, А. С. Pierce, 

Е. В. Сго$Ьу, . C. Reed, 

E. Friedlaender, '. Tencher, 

E. S. Jeffries, Brent Wiley, 

D. M. Petty, R. B. Williamson 
J. H. Wilson. 


EDUCATIONAL COMMITTEE. 
W. I. Slichter, Chairman. 

Columbia University, New York. 
Alexander Gray, William McClellan, 
E. J. Henkhe, Chester W. Rice, 
E. A. Loew, C. E. Skinner 
^. R. D. Thomson. 
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SPECIAL COMMITTEES. 
Revised to July 1, 1917. 


REORGANIZATION OF TECHNICAL COM- 


MITTEES. 
: L. T. Robinson, Chairman 
General Electric Com pany, Schenectady, N. Y. 
. Hutchinson, Ен H. Norris, 
А, S. McAllister, . Franklin Stevens, 
N. W. torer. 


COMMITTEE ON STUDENT BRANCHES. 


C. W. Green, Chairman, 
Massachusetts Institute of Technology, 
; Cambridge, Mass. 


- 


Alexander Gray, E. А. Loew, 
C. Francis Harding, W. S. Rodman, 
. F. Scott. 


COMMITTEE ON NATIONAL DEFENSE 


John H. Finney, Chairman, 


509 Metropolitan Bank Building, 
Washington, D. C. 


F. C. Bates, Secretary, 
30 Church Street, New York, 


B. J. Arnold, . D.C. Jackson, 
A. H. Babcock, John W. Lieb, 
Philander Betts, P. M. Lincoln, 
H. W. Buck, Ralph D. Mershon, 
J. H. Cuntz, A. M. Schoen, 
J.J. Carty J. Franklin Stevens. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 


A. H. Babcock, 
Gano Dunn, 


John F. Kelly, 
A. S. McAllister, 


Schuyler Skaats Wheeler. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
2077 JOHN FRITZ MEDAL. 
ailloux, John J. Carty. 
Pau] M. Lincoln, | H. w! Buck” 
ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 
Gano Dunn, Samuel Sheldon, 
Calvert Townley. 
ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


ч 1. Slichter, Edward D. Adams, 
arold Pender, Samuel Sheldon, 
F. L. Hutchinson. 


ОМ ELECTRICAL. COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION, 
he chairman of the Institute's Code Committee. 


ОМ ADVISORY BOARD OF AMERICAN 
| YEAR-BOOK. 
| Edward Caldwell. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 
S. Franklin, G. W. Pierce. 


A ON ENGINEERING COUNCIL. 
E W. Buck, N. A. Carle, 
‚ Rice, Jr., P. Junkersfeld, 
C. E. Skinner. 
ON JOINT COMMITTEE ON ENGINEERING 
Ch EDUCATION. 
arles Р. Scott, Samuel Sheldon. 
ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
; CONSTRUCTION. 
arley Osgood, F. B. H. Paine, 
Percy H. Thomas. 
AMERICAN COMMITTEE ОМ: 
" ELECTROLYSIS. 
!on J. Arnold, F. N. Waterman, 
Paul Winsor. 
ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL.8 


В, В B. Jewett, Clayton H. Sharp. 


Ши lt: 


ON U. S. NATIONAL COMMITTEE ОЕ ТН. 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


A. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 
ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 
F. B. Jewett. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 
Benjamin С. Lamme, | Frank J. Sprague. 


ON PAN-AMERICAN ENGINEERING 


COMMITTEE 
Gano Dunn, William McClellan, 
John H. Finney, Charles W. Stone. 


Calvert Townley. 
ON JOINT COMMITTEE ON METRIC 
SYSTEM. А 
А. E. Kennelly, 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, М. А. Carle, 
P. Junkersfeld. 


COMMITTEE ON GENERAL ENGINEERING. 


ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE 


H. W. Buck, C. А. Adams. 
COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, , Charles F. Scott. 


LOCAL HONORARY SECRETARIES. 


Guido Semenza, М. 10 Via. S. Radegonda, Milan: 
taly 


` Robert Julian Scott, NC ICM New Zealand, 


T. P. Strickland, N. S. W. Government Railways, 

Sydney, N W. 
W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 
L. А. Herdt, McGill Univ., Montreal, Que. 


' Henry Graftio, Petrograd, Russia. 


Richard O. Heinrich, Genest-str. 5, Schoeneberg, 
Berlin, Germany. 

A. S. Garfield, 45 Boulevard Beausejour Paris, 
16 E., France. 

Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 

John W. Kirkland, Johannesburg, South Africa. 
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LIST OF SECTIONS 


Revised to July, 1917. 


Name and when Organized Chairman Secretary 
АНапа............... Jan. 19, 04 | А. M. Schoen H.E.Bussey,3d Nat. Bk. Bldg.Atlanta,Ga. 
Baltimore............. Dec. 16, '04 | J. B. Whitehead L.M.Potts, Industrial Bldg., Baltimore, Md. 
Boston. Feb. 13, "403 |. Geo. A. Burnham | Ira M.Cushing,84 State St.,Boston, Mass. 
Сһісасо...................... 1893 | Taliaferro Milton | W. J. Crumpton, 111 W. Monroe St., 

Chicago, Ш. | 
Cleveland............. Sept. 27, '07 | E. W. P. Smith Bruce W. David, Lincoln Electric Co., 
Cleveland, Ohio. 
Denver...... Vance uides May 18, '15 | H. S. Sands Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 
Detroit-Ann Arbor..... Jan. 13, '11 | А.А. Meyer A. Oakes, 433 W. Forest Ave., Detroit, Mich. 
Fort Wayne........... Aug. 14, '08 | J. J. Kline R.B. Roberts, G. E. Co. ‚ Fort Wayne, Ind. 
Indianapolis Lafayette. .Jan. 12, '12 | J. L. Wayne, 3rd | С. A. Cora, care Central Union Tel. Co. 
А polis, Ind. 
НҢВаса................ Oct. 15, '02 | F. Bedell William Deans, Franklin Hall, Cornell 
Univ., Ithaca, N. Y. 
Kansas City, Mo.......Apr. 14, '16 | A. A. Thompson Grenn Ò, Brown, 5519 Tracy Ave., Kansas 
ity, Mo. 
Los Angeles........... May 19, '08 | R. H. Manahan Carl E. Johnson, 459 East Third Street, 
« Los Angeles, Cal. 
Пупп................. Aug. 22, '11 
adison.............. B 8, '09 | В. А. Kartak L. E. A. Kelso, University of Wisconsin, 
Мехїсо............... ec. 13, '07 Madison, Wis. 
Milwaukee .Feb. 11, '10 | Е. W. Ells H. P. Reed, eer Mfg. Co., 
| Milwaukee, 
Minnesota............ Apr. 7. '02 | В. J. S. Carter Vernon S. Beck, "Beck Elec. Const. Co., 
Minneapolis, Minn. 
Рапата............... Oct. 10, '13 | Earl J. Atkisson. W. Markham, Balboa Heights, C. Z. 
Philadelphia........... Feb. 18, '03 | H. P. Liversidge . В. James, 14th Floor, Widener Bldg., 
Philadelphia, Pa. 
Pittsburgh............ Oct. 13, '02 | G. C. Hecker F. E. Wynne, W. E. and M. Company, 
East Pittsburgh, Pa. 
Pittsfield.............. Mar. 25, '04 | V. E. Goodwin E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 
Portland, Оге.......... May 18, '09 | L. T. Merwin J. C. Martin, 1220 Spalding Bldg., Port- 
land, Oregon. 
Rochester............. Oct. 9, '14 | O. W. Bodler J. W. Morrison, Rochester Telephone Co., 
Rochester N. Y. 
St. Louis............. Jan. 14, "03 | A. McR. Harrelson| H. L. Hope, Southwestern Bell Telephone 
У St. Louis, Mo. 
San Francisco......... Dec. 23, 04 | J. E. Woodbridge | А. С. Jones, 811 Rialto Building, San 
Francisco, Cal. 
Schenectady........... Jan. 26, '03 | C. E. Eveleth H. L. Andrews, General Electric Company 
Schenectady, N. Y. 
Seattle................ Jan. 19, '04 | C. E. Magnusson | C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Spokane.............. Feb. 14, '13 | D. F. Henderson | C. M. Fisher, Washington Water Power 
Company, Spokane, Wash. 
Toledo................ June 3, '07 | W. E. Richards Max Neuber, Cohen, Friedlander & Mar- 
20 tin, Toledo, Ohio. 
Тогопіо............... Sept. 30, "03 | William С. Gordon Ernest V. Pannell, 60 Front Street, West, 
Toronto, Ont. 
Utah Section.......... Маг. 9, '17 | А. S. Peters H. 1 Plumb. 
гбапа............... Nov. 25, '02 | I. W. Fisk L. V. James, Univ. of Illinois, Urbana, Ill. 
Үаасочүег............ Aug. 22, 111 | В.Е. Hayward T.H. Crosby, Canadian Westinghouse Co., 
Vancouver, B. C. 
Washington, D. C Apr. 9, '03 | Arthur Dunlop Louis G. Freeman, U. 


S. Geological Sur- 
vey, Washington, D. C. 


Total 33 


LIST OF BRANCHES 


Name and when Organized 


Agricultural and Mech. 


College of Texas..... Nov. 
Alabama Poly. Inst... .. Nov 
Alabama, Univ. of...... Dec 
Arkansas, Univ. of... ..Mar. 
Armour Institute....... Feb. 
Brooklyn Poly. Inst... ..Jan. 
Bucknell University....May 
California, Univ. of..... Feb. 


Carnegie Inst. of Tech.. May 
Cincinnati, Univ. of..... Apr. 
Clarkson Col. of Tech...Dec. 


12, 


. 11, 


25, 
26, 
14, 
17, 
9, 
18, 


10, 


Clemson Agricultural Col. Nov. 8, 712 


Colorado State Agricul- 
tural College........ Fe 


b. 11, 


'10 


Chairman 


M.M.Bridgewater 
W. W. НШ 
Gustav Wittig 

A. L. Wilson 
Ralph H. Earle 
Paul G. Wehle 

A. W. Hatfield 
Bradley B. Brown 
E. G. Peterson 

R. L. Utley 

H. H. Plank 

D. H. Banks 


H. W. McKinley 


Secretary 


Т. E. Tighe, College Station, Tex. 


L. I. Davis, Auburn, Ala. 

A. F. Frazer, University, Ala. 

W. L. Teague, University of Arkansas, 
Fayetteville, Ark. 

Harold A. Kleinman, 7743 
Avenue, Chicago, Ill. 

Robert Davie, The Polytechnic Insti- 
tute, Brooklyn, N. Y. 

C. C. Gillette, Phi Gamma Delta House, 
Bucknell University, Lewisburg, Pa. 

H. F. Fielder, University of California, 
Berkeley, Cal. 

B. C. Dennison, Carnegie School of Tech. 
M Pittsburgh, Pa. 

H. V. McCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio. 

Philip R. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 

W. H. Neil, Clemson College, S. C. 


Е. С, Stiers; Colorado State Agricultural 
College, Fort Collins, Colo. 


Burnham 
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LIST OF BRANCHES—Continued. 


Name and when Organized 


Colorado, Univ. of..... Dec. 16, 
Georgia MR hu Tech- 

nology.. : ..June 25, 

Highland Park College.Oct. 11, 
Idaho, Univ. of........ dune 25, 
Iowa State College.... Apr. 15, 
Iowa, Univ. of........ .May 18, 
Kansas State Agr. Col..Jan. 10, 
Kansas, Univ. of...... Mar. 18, 
Kentucky, State Univ. ofOct. 14, 
Lafayette College...... Apr. 5, 
Lehigh University...... Oct. 15, 
Lewis Institute........ Nov. 8, 
Maine, Univ. of.......Dec. 26, 
Massachusetts Inst. of 

Тесһ............... Арт. 18, 
мка, Univ. of..... Mar. 25, 
Minnesota, Univ. of... May 16, 
Missouri Univ. of...... Jan. 10, 
Montana State Col.....May 21, 
Nebraska, Univ. of.. РЕ 10, 
North Carolina Col. 

Agr., and Mech. Arts. Feb. 11, 
North Carolina, Univ. of.Oct. 9, 
North Dakota, Univ. of. Feb. 15, 
Norwich University... .June 28, 
Ohio Northern Univ....Feb. 9, 
Ohio State University..Dec. 20, 
Okiahoma Agricultural and 

Mech. Col........... Oct. 13, 
Oklahoma, Univ. of....Oct. 11, 
Oregon Agr. Col....... Mar. 24, 
paa: State College. ... Dec. 20, 

burgh, Univ. of. ...Feb. 26, 
Purdue University..... Jan. 26; 
Rensselaer Poly. Inst.. Nov. 12, 
Rose Polytechnic Inst... Nov. 10, 
Rhode Island State Col..Mar. 14, 
Stanford Univ......... Dec. 13, 
Syracuse Univ Feb. 24, 
Texas, Univ. of........ Feb. 14, 
pee Ааны of Tech- үй 

ЭРГЭЛЭЭ" ct. 2 
virginie Polytechnic In- 

ET A я an. 8, 
Virginia, Univ. of...... Feb. 9, 
Wash., State Col. of. ..Dec. 13, 
Washington Univ....... Feb. 6, 
Washington, Univ. of. . Dec. 13, 
West Virginia Univ.... Nov. 13, 
Worcester Poly. Inst... Mar. 25, 
Yale University........ Oct. 13, 


Total 59 


Chairman 


Secretary 


RS Cp: | od 


Charles C. Clymer} Victor E. Leroy, University of Colorado, 


R. E. Robinson 
. E. Gould 


. Nankervis 
. L. Merrick 


OU t 


. H. Oliver 

W. Davis 

A. W. Davies 
Samuel McC.Hunt 
F. L. Magee 
Rowland Manley 
Fred P. Jones 

А. №. Clarke 
Jesse L. Thompson 
A. C. Lanier 

Carl Ladenburg 
Olin J. Ferguson 
F. E. Coxe 

А. C. Forney 


D. F. McConnell 
Edward B. Dawson 


R. H. Bennett 
H. D. Bender 
G. E. Davis 

H. M. Richards 
J. A. Hooper 
ERER 

C. F. Harding 
W. J. Williams 
H. E. Smock 
A. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
John D. Hindle 


W. S. Rodman 
D.'M. Alexander 


Charles A. Lieber 
A. Kalin 

O. P. Joliffe 

C. W. Kennedy 
A. W. Cahoon 


Boulder, Colo. 
John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 
Adolph Shane, Highland Park College, 
Des Moines, Iowa. 
L.J.Corbett,Univ.of Idaho, Moscow,Idaho. 
F. A. Robbins, Iowa St. Col., Ames, Iowa. 
A. H. Ford, University of Iowa, Iowa City, 


Iowa. . 

C. E. Reid, Kansas Col., 
Manhattan, Kansas. 

Clark Davis, University of Kansas, Law- 
rence, Kansas. 

G. D. Aaron, а Kentucky, 
Lexington, 

Carl Theodore” "Маск, 418 McCartney 
Street, Easton, Pa. 

J. F. Wentz, Lehigh University, South 
Bethlehem, Pa. 

S. P. McDaniels, Lewis Institute, Chicago. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 


State Agri. 


F. E. Richardson, University of Michigan, 
Ann Arbor, Mich. 

Donald P. Loye, 4216 Dupont Ave., South 
Minneapolis, Minn. 

D. P. Savant, University of Missouri, 
Columbia, Mo. 

J. А. Thaler, Montana State College, 
Bozeman, Mont. 

F. C. Holtz, University of Nebraska, 
Lincoln, Nebraska. 

F. J. Haight, N. C. Coll. of A. and M. 
Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 

ARE Hill, N. C. 

RIAM Үгеһе, University, N. D. 
in Beach, Norwich University, North- 

Заа Vt. 

W. W. Wickerham, 125 S. Gilbert Street, 
Ada, Ohi 

L. W. Birch, 138 Wheatland Avenue, 
Columbus, Ohio. 

W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 

R. E. Heffner, University of Oklahoma, 
Norman, Okla. 

L. Happold, Oregon 


College, 
Corvallis, Ore. 


Agri. 


W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

A. N. Topping, Purdue Univ., Lafayette, 
Indiana. 

R. Townsend, Jr., Rensselaer Poly- 

technic Institute, Troy, N. Y. 

Sam P. Stone, 1012 North 8th Street, 
Terre Haute, Ind. 

Carl A. Burdick, Rhode Island State Col- 
lege, Kingston, R.I. 

A. L. Morgan, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
cuse, N. Y. 

1. A. Correll, Univ. of Texas, Austin, Тех. 


Clark E. Baker, Throop Dormitory, Throop 

College of Technology, Pasadena, Cal. 
S. Smithson, Virginia Polytechnic 

Institute, Blacksburg, Va. 

J. K. Peebles, University, Va. 

e putet, 702 California St., Pullman, 

R. W. MacDonald, а Univer- 
sity, St. Louis, 
R. Himmelsbach. "4629 21st Avenue, 
` Seattle, Wash. 

D. F. Cronin, 52 University Driveway 
Morgantown, W. Va. 

J. A. Blair, Worcester Polytechnic In- 
stitute, Worcester, Mass. 

J. P. Allen, Sheffield Scientific School, 
New Haven, Conn. 
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FLORIDA ENGINEERING SOCIETY 


A cordial invitation has been extended 
by the Florida Engineering Society to 
the members of the Institute to attend 
any of the meetings of that Society or 
any of its local branches. 

Mr. J R. Benton, Gainesville, Fla., 
is Secretary of the Society. 


PAST SECTION MEETINGS 


Baltimore.—Election of officers for 
the coming year as follows—chairman, 
J. B. Whitehead; secretary-treasurer, 
L. M. Potts; executive committee, A. 
S. Loizeaux, A. T. Clark, W. H. Swift, 
К. C. Faught, Е. А. Allner, С. С. 
Edwards, and Н. B. Stabler. 

Cleveland.—May 21, 1917, Electrical 
League, Hotel Statler. А banquet 
dinner was served, after which Mr. 
John B. Taylor gave an illustrated 
lecture on the subject of “боипа”. 
Election of officers as follows;—C. N. 
Rakestraw, chairman; C. S. Ripley, 
Secretary-treasurer; С. М. Lindstrom, 
chairman, Papers Committee; Board of 
Managers, L. P. Crecelius, J. H. Van 
Horn and R. B. Chillas. Attendance 
48. | 

Denver.—]une 16, Denver Athletic 
Club. Election of officers as follows:— 
Norman Read, chairman; Fred ]. 
Rankin, vice-chairman; Robert B. Bon- 
ney, secretary-treasurer. Address by 
Мг. В. С. Griswold on “Тһе Develop- 
ment of Gas versus Electricity for 
Domestic Uses’’. Chairman Sands 
spoke of Mr. D. C. McClure who has 


recently received a commission as First 
Lieutenant in the Engineering Reserve 
Corps. Attendance 20. 


Detroit-Ann Arbor.— Мау 25, 1917, 
Detroit Engineering Society Rooms. 
Address by Prof. H. H. Higbie on 
“А-С. Transformers". Attendance 30. 

Indianapolis-Lafayette.—]une 22, 
1917, Indianapolis. Illustrated lecture 
by Mr. J. W. Esterline on ''Overcoming 
the Higher Costs of Labor, Supplies, 
Machinery and Fuel by Increased 
Efficiency”. Attendance 25. 


Kansas City.—May 31, 1917, Y. M. 
C. A. Paper: “Electrical Machinery 
Tests and Specifications Based on 
Modern Standards" by Н. M. Hobart. 
Selection of Mr. W. F. Barnes to fill the 
vacancy left by A. A. Thompson, chair- 
man, who has moved to Chicago.. 
Attendance 12. 


Milwaukee.—]une 20, 1917, City 
Club. Annual dinner at which officers 
were elected as follows:—chairman, 
Arthur Simon; secretary, Soren H. 
Mortensen. Illustrated talk by Messrs. 
Harry Sloan and Alex. H. Luedicke on 
“Тһе Development of a Modern Ice 
Plant". Meeting under auspices of local 
section of A. S. M. E. Attendance 75. 


Panama.— Мау 27, 1917, Balboa 
Heights, C. Z. Election of officers as 
follows:— chairman, C. J. Embree; 
vice-chairman, E. D. Stillwell; secretary 
treasurer, W. F. Kleene; executive com- 
mittee, E. S. Guild; H. W. Jacobsen, 
and R. D. Prescott. Captain T. H. 
Dillon gave an outline of the conditions 
under which an engineer regiment might 
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be formed on the Canal Zone. Attend- 
ance 27. 

July 1, 1917, Balboa Heights. Papers: 
(1) ‘‘Inspection, Tests and Specifica- 
tions for Lock Equipment’’ Ly C. J. 
Embree. (2) ‘‘Galvanic Action Between 
Metals, and Life Tests of Paints’’ by 
F. B. Coyle. Attendance 37. 

Philadelphia.—May 14, Engineers 
Club. Paper: ‘‘Inductive Interference" 
by H. Mouradian. Attendance 85. 

June 11, Engineers Club. Annual 
Dinner and election of officers. Short 
address by Messrs. G. S. Crampton, 
W. C. L. Eglin, J. F. Stevens, Paul 
Spencer, Lieutenant Josephs, U. S. R. 
C., and J. H. Tracy. Election of officers 
as follows:— chairman, Nathan На- 
ward; secretary-treasurer, H. Moura- 
dian; assistant treasurer, E. B. Trittle; 
managers, M. G. Kennedy,H. Goodwin, 
Jr., and W. Е. James. Attendance 40. 

Portland Section.— Election of officers 
as follows:—chairman, J. C. Martin; 
secretary-treasurer, Е. D. Searing; 
board of directors, W. D. Scott and R. 
M. Boykin. 

St. Louis.—]une 6, 1917, Engineers 
Club Rooms. Address by Mr. C. E. 
Michel on ''The Economics of the 
Electric Range". Attendance 51. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its 
meeting held on July 12, 1917, recom- 
mended the following members of the 
Institute for transfer to the grade of 
membership indicated. Any objection 
to these transfers should be filed at once 
with the Secretary. 


To Grade of Fellow 
МсСоуЕКМ, WILLIAM R., Chief Engi- 


neer, Central Group of Bell Telephone 
Cos., Chicago, Ill. 


To Grade of Member 


ARTHUR, WILLIAM, Electric Railway 
Engineer, New Haven, Conn. 

CHAPMAN, А.Р., Sup. Power & Repairs 
Ludlow Manufacturing Associates, 
Ludlow, Mass. 
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DEAN, HAROLD C., Assistant to Presi- 
dent, New York & Queens Electric 
Light & Power Co., Long Island City, 
N. Y. 

HucH, Otto F., Engineer, with A. C. 
Wood, Philadelphia, Pa. 

Marx, RoLAND G., Electrical Engineer, 
Palo Alto, Cal. 

REEs, Harry P., Instructor in Power 
Plant Practise, Wentworth Institute, 
Boston, Mass. 

ROSENBLATT, GIRARD B., Engineer in 
Charge, Mining Div., Westinghouse 
Electric & Mfg. Co., Salt Lake City, 
Utah. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the. 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform the 
Secretary before August 31, 1917. 


Albrecht, G. M. (Member), Washing- 
ton, D. C. 

Allen, L. C., Parkersburg, W. Va. 

Anthony, R. H., Boston, Mass. 

Beall, J. C., Atlanta, Ga. 

Binney E. A., St. Louis, Mo. 

Chandler, W. W., Pawtucket, R. I. 

Clothier, H. W., (Member), Hebburn- 
on-Tyne, England. 

Fielding, C. H., Baltimore, Md. 

Fiske, G. I., S. Boston, Mass. 

Freret, A. L., (Member), Birmingham, 
Ala. 

Groff, V. R., Holtwood, Pa. 

Hall, N., Detroit, Mich. 

Harris, J. B., Jr., Pittsburgh, Pa. 

Henderson, R. M., Attalla, Ala. 

Leavitt, А. J. (Member), Boston, Mass. 

Peyinghaus, R., Walkerville, Ont. 

Pflaum, R. J., Anaconda, Mont. 

Pilliod, J. J. (Member), Chicago, Ill. 

Pyles, В. М., Sao Paulo, Brazil 
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Richards, A. F. W., Manchester, Eng- 
land 

Ricketts, S. F. (Member), Toronto, Ont. 

Rohde, А. А., Metaline Falls, Wash. 

Schwartz, W. B., Atlanta, Ga. 

Slepian, J., E. Pittsburgh, Pa. 

Stannard, J. L., Portland, Ore. 

Steffelaar, J. M., The Hague, Holland 

Stryker, B. (Member), Philadelphia, Pa. 

Vogel, H. F., S. Bethlehem, Pa. 

Total 28 


ADDRESSES WANTED 


Any reader knowing the present ad- 
dress of any of the following members is 
requested to communicate with the 
Secretary at 33 West 39th Street. 


O. A. Darnell 
(former address) 
Avalon, Cal. 


J. B. Entz 
(former address) 
The White Co. 
Cleveland, Ohio. 


Milan S. Mitrovitch 
(former address) 
Union Powder Co. 
Parlin, N. J. 


PERSONAL 


Mr. RoBERT W. ADAMS was elected 
President of the Providence Engineer- 
ing Society at its recent annual meeting. 
He has been connected with the 
General Electric Company for the past 
nine years and is at present Manager of 
the Providence office. 


Мк. НАвого V. BozeLL, for the 
past nine years professor of electrical 
engineering at the University of Okla- 
homa, and who has been spending the 
past year at Yale University on Sab- 
batical leave, has resigned the Okla- 
homa position to become assistant 
professor of electrical engineering in 
the Sheffield Scientific School of Yale 
University: 
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Mr. LESTER W. W. Morrow, who 
has been associate professor of elec- 
trical engineering at the University of 
Oklahoma and acting head of the 
department the past year during Prof. 
Bozell's leave, has been made professor 
of electrical engineering and head of the 
department, succeeding Prof. Bozell. 


MR. Frank- С. Tappan, formerly 
instructor in electrical engineering at 
Cornell University, has accepted a 
position as associate professor of elec- 
trical engineering at the University of 
Oklahoma, Norman, Okla. 


Mr. EDWIN L. CONNELL, for the past 
five years engineer in the motor depart- 
ment of the Wagner Electric Mfg. Co., 


has severed his connection with that 


company. He will be engaged in 
engineering work for the Van Dorn 
Electric Tool Co. 


MR. C. A. Mupck formerly with the 


United States Light and Heat Corp., 


Niagara Falls, N. Y., has severed his 
connection with that company and 
assumed the position of General Man- 
ager of the Electro Dynamic Company, 
Bayonne, N. J. 


OBITUARY 


ALBERT Е. Ganz, Professor of Elec- 
trical Engineering at Stevens Institute 
of Technology, died in his 46th year on 
July 26, 1917. Prof. Ganz was born in 
Germany. Не received his early edu- 
cation in N. Y. schools and then en- 
tered Stevens Institute, graduating in 
1895 with degree of Mechanical Engi- 
neer. He was immediately appointed 
Instructor in applied Electricity at 
Stevens, became Assistant Professor in 
1897 and received full professorship in 
1902. Іп addition to his work at 
Stevens Prof. Ganz has been often 
engaged as expert to make commercial 
and scientific tests and reports. Prof 
Ganz was a Fellow of the A. I. E. E. 
and a Member of the A. S. M. E. 
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ACCESSIONS TO THE UNITED ENGINEERING SOCIETY LIBRARY 
(From April 3d, to June 1, 1917) 


Unless otherwise specified, books in this list have been donated by the publishers. 


The Society does not assume responsibility for any statements made. 


They are 


taken either from the preface or the text of the book. 


Motor Boats, HYDROPLANES, HYDRO- 

AEROPLANES. 

Construction and Operation with 
Practical Notes on Propeller Calcula- 
tion and Design, an Illustrated Manual 
of Self Instruction for Owners and 
Operators of Marine Gasoline Engines 
and Amateur  Boat-Builders. By 
Thomas H. Russell with Revisions and 
Extensions by John B. Rathbun. Chic., 
Charles C. Thompson Co., 1917. 254 
pp., 106 illus., 5x8 in., cloth, $1. 


Practical, non-mathematical handbook.  Di- 
rections for building motor-boats are given, to- 


gether with information concerning the various: 


available types of motors and detailed instruction 
for their installation and operation. 


COMPRESSED AIR FOR THE METAL 
WORKER. 
By Charles A. Hirschberg. N. Y., 
The Clark Book Co., 1917. 321 pp., 
294 illus., 5x8 in., cloth, $3. 


Describes the various purposes for which com- 
pressed air is used іп powereplants, foundries, 
machine shops, forge shops, etc. The various 
types of tools and machines are illustrated, as 
well as the commercial forms of air compressors. 
A compendium of present-day methods of uti- 
lizing compressed air, confined entirely to prac- 
tice and omitting theory. 

HicH SPEED INTERNAL COMBUSTION 

ENGINES. 

By Arthur W. Judge. N. Y., The 
Macmillan Со.; Lond., Whittaker & 
Co., 1916. 94-350 pp., 217 illus., 6x9 
in., cloth, $5.50. 

The author has collected and classified the 
available information, and presents it as briefly 
as possible. Тһе work discusses the theory of 
high speed internal combustion engines, and the 
experimental results which have been obtained. 
Contents: The Thermodynamics of the internal 
combustion engine; The conditions occurring in 
actual engines; Pressures and Temperatures in 
internal combustion engines; Indicators and 
indicator diagrams; The mechanics of the high 
speed internal combustion engine; Engine balance. 
THE Woor INDUSTRY. 

Commercial Problems of the Amert- 
can Woolen and Worsted Manufactur®€- 
By Paul T. Cherington. N. Y., Chic» 


» 


Lond., А. №. Shaw Co., (copyright 
1916) 16 +261 pp., 5x8 in., cloth, $2.50. 


The author's purpose has been to present the 
results of an examination of the industries pro- 
ducing woolen and worsted fabrics, approached 
from the side of their buying and selling prob- 
lems. Omits other features of the industry, such 
as wool-growing, tariff relations, manufacturing 
technique, etc. 


A TEXT Book ON BRICK PAVEMENTS. 

By Clark R. Mandigo. Kansas City, 
Western Paving Brick Manufacturers 
Association, 1917. 126 pp., 42 illus., 
5x8 in., cloth, $1.50. 


Contents: Brick pavements; Highway eco- 
nomics; The sub-grade and the foundation; 
Manufacture of Brick; Paving problems; Ap- 
pendix, Standard specifications. 

Intended for municipal officers, commissioners 
and citizens as well as for city and county engi- 
neers and contractors. Descriptive rather than 
technical, but intended to give accurate infor- 
mation of interest to all concerned in road 
improvement. 


IRRIGATION WoORKS CONSTRUCTED BY 
THE UNITED STATES GOVERNMENT. 


By Arthur Powell Davis. N. Y., 
John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd., 1917. 16+413 


pp., 128 illus., 6x9 in., cloth, $4.50. 
Contains engineering descriptions, with the 
necessary illustrations, of the various projects 
undertaken by the Reclamation Service. The 
projects described are the Salt River, the Yuma, 
the Orland, the Grand Valley, the Uncompahgre, 
the Boise, the Minidoka, the Huntley, the Lower 
Yellowstone, the North Platte, the Truckee- 
Carson, the Carlsbad, the Hondo, the Rio Grande, 
the Umatilla, the Klamath, the Belle Fourche, 
the Strawberry Valley, the Okanogan, the Yakima 
and the Shoshone. Intended for engineers and 
those interested in the development of arid lands. 


А ТЕХТ-Воок oF INORGANIC CHEM- 

ISTRY. 

Edited by J. Newton Friend. vol. 
VIII. The Halogens and Their Allies. 
By Geoffrey Martin and E. A. Dan- 
caster. Lond., Charles Griffin & Co., 
Ltd., 1915. 18+337 pp., 30 illus., 1 
tab., 6x9 in., cloth, $3. (gift of. J. B. 
Lippincott.) 


A concise general account of the chief chemical 
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and physical properties of fluorine, chlorine, 
bromine, iodine, and manganese, and their com- 
pounds. Describes the most important manu- 
facturing operations briefly. Тһе work does not 
attempt to be exhaustive, but is provided with 
very numerous references to original publications 
on the various phases of the subjects dealt with. 


HEATONS' ANNUAL. 

Тһе Commercial Handbook of Can- 
ada and Boards of Trade Register 13th 
Year1917. "Toronto, Heaton's Agency, 
1917. 518 pp., 5х7 in., cloth, $1.25. 


Collects in one volume the information of value 
to merchants and manufacturers. Includes lists 
of government officials, customs brokers, banking 
towns, registration offices, shipping directions, 
etc. Тһе customs tariff and a digest of customs 
law and regulation are given. Тһе work also 
contains much general information on the re- 
sources of the country, a gazetteer of commercial 
towns and an economic bibliography of govern- 
mental reports, together with the usual tables. 


THE POWER KINK Book. 

Novel Ideas and Simple Devices for 
Meeting Emergencies in the Power 
Plant, Compiled from the Regular Issues 
of “Power”. М. Y., Power, 1917. 146 
pp., 147 illus., 6x9 in., boards, $1.75. 


A collection of methods devised by power 
plant engine runners and machinists for making 
repairs, overcoming difficulties and preventing 
accidents. The methods are classified into ap- 
propriate groups and clearly illustrated by 
numerous drawings and sketches. 

ARITHMETIC FOR ENGINEERS. 

Including Simple Algebra, Mensura- 
tion, Logarithms, Graphs, and the 
Slide Rule. By Charles B. Clapham. 
(The D. U. Technical Series) N. Y., 
E. P. Dutton & Co., (preface 1916) 436 
pp., 149 illus., 6x9 in., cloth, $3. 

The author's object is to treat the subject with 
sufficient detail and enough engineering applica- 
tion to provide a truly practical treatise, omitting 
all subjects which have only academic interest. 
CHEMICAL TESTS FOR MINERALS. 

By Arthur J. Burdick. Beaumont, 
Cal, The Gateway Publishing Co., 
1917. 93 pp., 5x8 in., cloth, $1.25. 

Handbook of simple qualitative tests, intended 
to enable prospectors without chemical training 
to identify the various rocks and ores met with 
in the field. 

PRACTICAL. MARINE ENGINEERING. 

For Marine Engineers and Students 
with Aids for Applicants for Marine 
Engineer’s Licences. 4th ed. rev. & 
enl. By Captain C. W. Dyson. 
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Marine Engineering, 1917. 16--982 
pp., 500 illus., 6x9 in., cloth, $6. 


A simple and fairly complete treatise, intended 
for operative engineers, and hence paying espe- 
cial attention to the construction, operation, 
management and care of marine machinery. The 
use of higher mathematics is avoided. 
ARCHITECTURAL DRAWING AND LET- 

TERING. 

A Manual of Practical Instruction in 
the Art of Drafting and Lettering for 
Architectural Purposes, Including the 
Principles of Shading and Rendering 
and Practical Exercises in Design. 
Part I Architectural Drawing. By 
Frank A. Bourne and H. V. Von Holst. 
Part 2 Architectural Lettering. By 
Frank Choteau Brown. Chic., Ameri- 
can Technical Society, 1917. 102-48 
pp., 94 illus., 6x8 in., cloth, $1.50. 


Elementary work presenting the art in logical 
manner. 
BuiLDING SUPERINTENDENCE FOR STEEL 

STRUCTURES. і 

А Practical Work on the Duties of a 
Building Superintendent for Steel- 
Frame Buildings and the Proper 
Methods of Handling the Materials and 


Construction. By Edgar S. Belden. 
Chic., American Technical Society, 
1917. 95 pp., 24 illus., 2 pl., 5x8 in., 
cloth, $1. 


Concise practical discussion of the problems 
which confront the superintendent of structural 
steel construction, and of the proper methods of 
meeting them. 


ELECTRICAL MEASUREMENTS IN PRAC- 

TICE. 

By Malcolm Farmer. N. Y., Mc- 
Graw-Hill Book Co., Inc.; Lond., Hill 
Publishing Co., Ltd., 1917. 124-359 
pp., 230 illus., 6x9 in., $4. 


Intended to present the subject in a simple 
practical manner, from the point of view of 
engineers actively engaged in making measure- 
ments, tests and investigations in the electrical 
industry. All classes of measurements ordinarily 
made in the laboratory or by the testing engineer 
are included. 


THE PANAMA CANAL AND COMMERCE. 
By Emory R. Johnson. N. Y. & 
Lond., D. Appleton & Co. 1916. 295 
pp., 8 illus., 7 maps, 5x7 in., cloth, $2. 
Explains the reasons for the building of the 


canal and discusses the use of the waterway by 
the commerce and shipping of the United States 


» 
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and other countries. Intended for those engaged 
in shipping and other students of the canal in 
relation to commerce. А companion volume to 
Gorgas' ''Sanitation in Рапата’ and Sibert and 
Stevens’ "The Construction of the Canal". 


ANNUAL CHEMICAL DIRECTORY OF THE 
UNITED STATES. 
B. F. Lovelace, Editor. 
Williams & Wilkins Co., (copyright 
1917). 305 pp., 6x9 in., cloth, $5. 


First issue. Includes American manufacturers 
of and dealers in chemical apparatus and equip- 
ment; and professional chemical firms and labor- 
atories. Lists of colleges offering instruction in 
chemistry, experiment stations, technical and 
scientific societies are given, also of Federal and 
state officials of dairying, foods, drugs, etc. 
Bibliographies of American and foreign journals 
and important books of the year, with a concise 
review cf new happenings, devices, methods and 
appliances conclude the book. 


Baltimore, 


LAWS OF PHYSICAL SCIENCE. 

A Reference Book. By Edwin F. 
Northrup. Phila. & Lond., J. В. 
Lippincott Co., 1917. 210 pp., 5x8 in., 
leather, $2. 


A summary of the general propositions under- 
lying physical science and engineering, classified 
for convenience in consultation. Each law is 
accompanied bv one or more references to more 
extended information. 

A bibliography is included. 


OUTLINE OF INDUSTRIAL CHEMISTRY. 

А Text-Book for Students. By 
Frank Hall Thorp, with assistance in 
revision from Warren К. Lewis. За ed. 
rev. & enl. N. Y., The Macmillan Co., 
1916. 25 +665 pp., 137 illus., 6x9 in., 
cloth, $3.75. 


The present edition of this well-known treatise 
has been thoroughly revised, many sections 
having been re-written and much obsolete matter 
replaced by new material. Тһе modern concepts 
and theories of chemistry have been introduced 
whenever these promised to make clearer the 
phenomena involved. 


ELECTRIC RAILWAY TRANSPORTATION, 

By Henry W. Blake and Walter 
Jackson. N. Y., The McGraw-Hill 
Book Co., Inc.; Lond., Hill Publishing 
Ltd., 1917. 7+487 pp., 120 illus., 
6x9 in., cloth, $5. 


The first book, the authors state, devoted to 
transportation methods and practice. Largely 
compiled to put in convenient form matter which 
has appeared in the transactions of the American 
Electric Railway Transportation and Traffic 
Association and the electric railway periodicals. 
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Contents: Organization and Definitions; Adjust- 
ment of Service to Traffic; Accelerating Traffic 
Movement along the Line; Accelerating Traffic 
Movement on the Car; Car Types in Relation to 
Traffic; City Timetables-Preliminaries; Interur- 
ban Schedules and Dispatching; Fares; Fare 
Collection Practices and Devices; Public Rela- 
tions; Promotion of Passenger Traffic; Traffic 
Signs for Cars, Station and Road-Information 
for the Public; Competition; Freight and Express 
Business; Selection and Training of Men; Wages 
and Wage Agreements; Welfare Work; Disci- 
pline of Trainmen; Forms of Extra Pay. 


THE LIFE OF ROBERT HARE. 

An American Chemist (1781-1858). 
By Robert Fahs Smith, Provost of the 
University of Pennsylvania. Phila. & 
Lond., J. B. Lippincott Co., 1917. 
508 pp., 1 por., 4 illus., 6x9 in., cloth, 
$5. 


Assembles the labors of Robert Hare in such a 
form as to acquaint students of chemistry with 
him, апа to show his title to an exalted place іп 
history of chemistry in this country. Told 
largely by hitherto unpublished letters and docu- 
ments collected from forgotten journals and 
pamphlets. 


STORAGE BATTERIES SIMPLIFIED. 

Operating Principles, Care and In- 
dustrial applications, a Complete, Non- 
technical but Authoritative Treatise 
Discussing the Development of the 
Modern Storage Battery, Outlining the 
Basic Operation of the Leading Types, 
also the Methods of Construction, 
Charging, Maintenance апа Repair. 
АП Practical Applications of Commer- 
cial Batteries are Shown and Described. 
By Victor W. Page. 208 рр., 89 illus., 
5x8 in., cloth, $1.50. 


Special Instructions for Care and Repair of 
Automobile Batteries and a Glossary of Terms 
are included. 


PLAIN AND ORNAMENTAL FORGING. 

By Ernest Schwarzkopf. М. Y, 
John Wiley & Sons, Inc.; Lond., Chap- 
man & Hall, Ltd., 1916. 10-267 pp., 
228 illus., 5x8 in., $1.50. 


Written to provide a really practical treatise 
on the theory and practice of art metal and 
blacksmith work, suitable for use as a text-book 
for beginners. Simple and detailed drawings 
illustrating each important operation are pro- 
vided, together with full explanations. Intended 
especially for self-instruction. Тһе author has 
had many years experience as a blacksmith and 
an instructor in forge work. 
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INTERBOROUGH FINANCE. 

Present and Future with especial 
reference to conditions when the New 
Lines shall have been completed. Іп- 
cluding Synopsis of the Financial 
Structure of Interborough Consolidated 
Corporation. М. Y., Van Emburgh & 
Atterbury, 1917. 69 pp., 2 maps, 2 
diagrams, 6x9 in., leather. 

Contents: Interborough Consolidated Corpo- 
ration; Interborough Rapid Transit Company; 
New York Railways Company; Partnership 
Between Interborough and City of New York; 
Will the Interborough Earn its Preferentials? 
MECHANICAL APPLIANCES, MECHANICAL 

MOVEMENTS AND NOVELTIES OF Сох- 

STRUCTION. 

By Gardner D. Hiscox. 4th ed., enl. 
N. Y., The Norman W. Henley Pub- 
lishing Co., 1917. 396 pp., 1000 illus., 
6x9 in., cloth, $3. 

А companion volume to the author's “Месһап- 
ical Movements, Powers and Devices," in which 
the special requirements of various arts and 
manufacturers are considered, and more detailed 
explanations of the devices are given. Includes 
a chapter on perpetua] motion, illustrating many 
types of perpetual motion machines. 

ELLIOT's WEIGHTS OF STEEL. 

For Engineers, Architects, Contrac- 
tors, Builders, Steel Manufacturers, and 
all Users of Rolled Steel. Computed 
by Thomas J. Elliot. Cleveland, The 
Penton Publishing Co, 1916. 662 pp., 
6x9 1п., leather, $20. 

Given the weight of a lineal foot of any section 
of rolled steel, this book of tables enables one to 
find the weight of a single piece of any length 
without performing the operation of multipli- 
cation. 

FIRE PREVENTION AND PROTECTION. 

A Compilation of Insurance Regu- 
lations Covering Modern Restrictions 
on Hazards and Suggested Improve- 
ments in Building Construction and 
Fire Prevention and Extinguishment. 
3d ed. Completely .rev. By A. C. 
Hutson, Fire Protection Engineer. М. 
Y. & Chic., The Spectator Co., 1916. 
74777 pp., 126 illus., 3 pl., 5x7 in., 
leather, $4.25. 


Written especially for merchants, manufac- 
turers and underwriters, as asuccinct presentation 
of the knowledge necessary to attain as complete 
protection as possible from fire. Covers all the 
suggested regulations of the National Board of 
Fire Underwriters and allied organizations. 
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BATTLE FIRE TRAINING. 

By Capt. G. S. Turner and Capt. 
J. J. Fulmer. Menasha, Wis., George 
Banta Publishing Co., 294 pp., 47 illus., 
4x7 in., cloth, $1. 


Calls attention to the existing necessity for the 


adoption in our army of a uniform system of 


collective training in battle fire, and offers a 
system based upon the principles laid down in 
the manuals upon fire and fire tactics published 
by the War Department. 


MODERN MILLING. 

A Practical Manual on Milling 
Machines, Milling Accessories and 
Milling Operations. By Ernest Pull. 
N. Y. The Macmillan Co.; Lond., 
Whittaker & Co., 1917. 84-207 pp., 
188 illus., 6x9 in., cloth, $3. 


' Universal and plain milling machines are de- 
scribed as well as several special types, and their 


‚ use for indexing, gear cutting and other operations 


is explained. 


Includes а chapter on speeds and 
feeds. i 


STEAM TURBINES. 

A Practical Work on the Develop- 
ment, Advantage and Disadvantages of 
the Steam Turbine; The Design, Selec- 
tion, Operation, and Maintenance of 
Steam Turbine and Turbo-Generator 
Plants. By Walter S. Leland. Chic., 
American Technical Society, 1917. 137 
pp., 116 illus., 6x8 in., cloth, $1. 


Intended for those less interested in the finer 
points of steam turbine theory than in the results 
accomplished and the way in which they have 
been secured by the successful builders. Over 
one half of the book is devoted to descriptions of 
various commercial turbines. 


MECHANICAL MOVEMENTS, POWERS AND 

ОЕУ!СЕ$. 

A Treatise Describing Mechanical 
Movements and Devices Used in Con- 
structive and Operative Machinery and 
the Mechanical Arts, Being Practically 
a Mechanical Dictionary, Commencing 
with a Rudimentary Description of the 
Early Known Mechanical Powers and 
Detailing the Various Motions, Appli- 
ances and Inventions Used in the 
Mechanical Arts to the Present Time. 
Including a chapter on Straight Line 
Movements. By Gardner D. Hiscox. 


№. Y., The Norman W. Henley Pub- 


lishing Co., 1917. 
6x9 in., cloth, $3. 


409 рр., 1800 illus., 
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This edition is enlarged by the addition of over 
one hundred and sixty new mechanical move- 
ments and devices, and contains a total of sixteen 
hundred and sixty-five examples. 


WATER PURIFICATION. 

By Joseph W. Ellms. N. Y., Mc- 
Graw-Hill Book Co., Inc.; Lond., НШ 
Publishing Co., Ltd., 1917. 10-485 
pp., 149 illus., 6x9 in., cloth, $5. 


Intended as a fairly complete account of the 
development of the art. Includes a consideration 


of the properties of various classes of waters and. 


gives especial attention to the relation of pol- 
luted public water supplies to water-borne 
diseases. Describes in considerable detail the 
various steps in purification processes, such as 
sedimentation, coagulation, filtration and disin- 
fection. Contains chapters on water softening 
and on the removal of iron and manganese from 
ground water supplies. Bibliographical refer- 
ences accompany each chapter. 


TOPOGRAPHICAL DRAWING. 

By Edwin R. Stuart. N. Y., Mc- 
Graw-Hill Book Co., Іпс., Lond., Hill 
Publishing Co., Ltd., 1917. 126 pp., 
54 illus. 1 map, 6x9 in., cloth, $2. 


Intended to furnish a satisfactory standard of 
practice in topographical drawing which will 
combine good execution with economy of time. 
Contents: Introductory; Map Projection; 
Instruments and Drawing Materials; Plotting; 
Special Methods іп Free-Hand Drawing; Practice 
in Topographical Drawing; Lettering; Conven- 
tional Signs; Map Drawing. 


MILITARY SKETCHING AND МАР READ- 
ING. | 

Ву Capt. Loren C. Grieves. Wash., 

U. S. Infantry Assoc., 1917. 95 pp., 

32 illus., 6x9 in., cloth, $1. 


А text-book intended for officers of the National 
Guard, candidates for commissions in the Army 
and the Reserve Officers' Training Corps and for 
educational institutions. Meets the provisions 
prescribed by the War Department. 


How то STUDY. 

By George Fillmore Swain. М. Ү., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 10+65 
pp., 5x7 in., paper, 25 cts. 


Dr. Swain's little monograph is intended to 
formulate briefly and simply, certain fundamental 
prineiples of study and to point the way to proper 
habits and methods. Intended for students in 
and graduates of technical schools. Contents: 
Introduction; The Proper Mental Attitude; 
Studying Understandingly; System; Mental 
Initiative; Habits of Work; Suggestions to 
Teachers. 
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STATE SANITATION. 

A Review of the Work of the Massa- 
chusetts State Board of Health. By 
George Chandler Whipple. Cambridge, 
Harvard University Press; Lond., Ox- 
ford University Press, 1917. 11-377 
рр., 12 pl, 8 diagrams, 6x9 in., cloth, 
$2.50. 

The first of a three-volume history, intended to 
set forth the past work of the Board, to reprint 
selected articles of importance from the older 
reports and abstracts of the others and to serve 
as an index and guide to the annual reports. 
Biographical sketches of the engineers, chemists 
and biologists of the Board will be included. 

Volume one contains the history of the Board 
since its establishment in 1869, together with an 
abridged version of the "Report of the Massa- 
chusetts Sanitary Commission of 1850”. 


THE ESSENTIALS OF AMERICAN TIMBER 

LAW. 

By J. P. Kinney. М. У., John Wiley 
& Sons, Inc.; Lond., Chapman & Hall, 
Ltd., 1917. 19--279--10 pp., 6x9 in., 
cloth, $3. 

A presentation of the existing law regarding 
trees and their products as property, with such 
observations and references to historical develop- 
ment as are considered necessary to an under- 
standing of the reasons for thelaw. Citations to 
the sections of the compiled or session laws of 
the different states enable the reader to find the 
various statutes in full. Especial prominence is 
given to interpretations of the law by the courts. 


THE TAYLOR SYSTEM OF SCIENTIFIC 
MANAGEMENT. 
By C. Bertrand Thompson. N. Y., 
Chic., Lond., A. W. Shaw Co., (copy- 
right 1917) 175 pp., 22 illus., 5 diagrams, 


9x11 in., flexible cloth, $10. 


Intended to give, in addition to the history and 
theory of the system, enough development and 
operation to enable the factory manager to visu- 
alize the system in some detail, to distinguish 
clearly between it and other systems, and to 
understand its principles and mechanisms as 
found in actual practice. Based on personal 
investigations of all the installations of the system 
between Maine, Maryland and Chicago. Соп- 
tains a bibliography of the important publications 
on the system. 


FARM Мотовв. | 
Steam and Gas Engines, Hydraulic 
and Electric Motors, Traction Engines, 
Automobiles, Animal Motors, Wind- 
mills. By Audrey Potter. 2d ed. rev. 
& enl. (Agricultural Engineering Series) 
М. Y., McGraw-Hill Book Co., Inc.; 
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Lond., Hill Publishing Co., Ltd., 1917. 
114-299 рр., 296 Шиз., 6x8 in., cloth, 
$1.50. 

Includes the fundamental principles governing 
their construction, management and working. 
Intended for students of agricultural engineering 
and farmers. Іп the present edition the chapters 
on gas and oil engines and on traction engines 
have been enlarged, those on the steam engine 
rewritten, and chapters added on automobiles and 
animal motors. 


APPLIED MECHANICS. 

Bv Alfred Poorman. М. У., McGraw 
Hill Book Co., Inc.; Lond., Hill Pub- 
lishing Co., Ltd., 1917. 11+244 pp. 
321 illus., 6x9 in., cloth, $2. . 

A text-book for undergraduate courses in 
engineering schools, in which the basic principles 
have been developed in a way which the average 
student can follow easily and illustrations showing 
clearly the application of such principles to the 
solution of engineering problems have been pro- 
vided. Extended use has been made of the graphic 
method of solution. 


PRINTING TRADES BLUE Book 1917. 
N. Y. and Chic., A. F. Lewis & Co., 
1917. 543 pp., 6x8 in., cloth, $3. 


"Directory of printers, dealers in paper ma- 
chinery, metals, type, etc. іп ‘New York and 
surrounding towns. Arranged alphabetically, by 
telephone numbers and by classes. Includes 
directories of paper brands and of printing asso- 
ciations, unions and clubs. 


WORKMEN'S COMPENSATION LAW. 

Personal Injury by Accident Arising 
Out of and in the Course of the Em- 
ployment. By P. Tecumseh Sherman. 
N. Y., Workmen’s Compensation Pub- 
licity Bureau, (copyright 1916). 67 pp. 
6x9 in:, paper, $2. 

A compilation of the decisions construing the 
British law on the subject, with abbreviated sum- 
maries of the relevant portions of the French and 
German laws. These precedents will be useful, 
.the author believes, in defining the meaning of 
“accidents due to risk of work’’ as used in the 
American statutes. 

ARTIFICIAL ELECTRIC LINES. 

Their Theory, Mode of Construction 
and Uses. By A. E. Kennelly. N.Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 348 
рр., 117 illus., 6x9 in., cloth, $4. (gift 
of the author.) 

Intended as а text-book for engineering- 
laboratory students and as a reference book for 
students of electric transmission in general. 


Based on the author’s “The Application of 
Hyperbolic Functions to Electrical Engineering 
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Problems". Restricted almost entirely to the 
phenomena of the steady state. 


WINTER TRACK WORK. 

By E. R. Lewis. Chic., Railway 
Educational Press, Inc. (copyright 
1917) 166 pp., 21 illus., 5x8 in., cloth, 
$1.60. 


Explains practical methods for maintaining 
railway track. Intended for use of trackmen. 
Contents: Climate and Track; Frost; Snow 
Shims and Shiming; Winter Track Force, Tools 
and Supplies; Snow Fences and Snow Sheds; 
Snow Handling Equipment; Spring Floods; 
Storing Ice; Organization. 


A WONDERFUL FIFTY YEARS. 

By Edwin T. Holmes. Privately 
published, (copyright 1917). 133 pp., 
55 illus, 6x9 in., cloth,“ (gift of the 
author). 


Personal reminiscences of the development of 
electrical communication from 1866 to 1916, 
during which time the author has been connected 
with the telegraph, telephone and electrical pro- 
tective signaling industries of the country. 
Contains many interesting illustrations, repro- 
ductions of documents, and letters of historic 
interest. 


COMPRESSED AIR PRACTICE IN MINING. 

By David Penman, M. Inst. M. E. 
Phila., J. B. Lippincott Co.; Lond., 
Charles Griffin & Co., Ltd., 1917. 221 
pp., 113 illus., 5x8 in., cloth, 


Text book for use in mining schools, but also 
useful, it is hoped, to those in practice. Dis- 
cusses air-compressors, methods of transmitting 
power and the use for compressed air for coal 
cutting, conveyors, drills, etc. A comparison of 
the advantages of compressed air and other means 
of transmitting power in mines is given. 


STRESSES IN STRUCTURES. 

By A. H. Heller. Rev. by Clyde T. 
Morris. 3d ed. N. Y., John Wiley & 
Sons, Inc.; Lond., Chapman & Hall, 
Ltd., 1916. 13-374 pp., 230 illus., 
6x9 in., cloth, $2.75. 

Author has attempted to provide a book which, 
without being an exhaustive scientific treatise on 
stresses, would be a suitable text-book for stu- 
dents and also a concise reference book for 
engineers. In the present edition various ex- 
planations have been expanded, numerical illus- 
trative examples have been added and new 
material introduced where the reviser has found 
it necessary. 


ELEMENTARY CHEMICAL MICROSCOPY. 
By Emile Monnin Chamot. М. Ү., 
John Wiley & Sons, Inc.; Lond., Chap- 
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тап & Hall, Ltd., 1916. 184-410 pp., 
147 illus., 6x9 in., cloth, $3. 

The author believes that the American’ chemist 
has failed to appreciate the beaefits to be obtained 
by the application of chemical microscopic 
methods in the industries and in research. This 
book is written to instruct him in the manipu- 
lation of the microscope and in the great variety 
of problems which may be solved by its use, and 
to call attention to the fields in. which it is espe- 
cially useful. 


THE THEORY AND PRACTICE ОЕ WORK- 
ING PLANS. | 
(Forest Organization) 

Recknagel. 2d ed. rev. 

Wiley & Sons; 


By A. B. 
N. Y., John 
Lond., Chapman & 
Hall, Ltd., 1917. 14+265 pp., 14 illus., 
6 pl., 1 tab., 6x9 in., cloth, $2. 


An adaptation of the best European efforts in 
forest organization to the present needs of Amer- 
ican forestry, intended for the practicing forester 
as well as the student. Тһе nomenclature of 
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this edition has been revised in accordance with 
the suggestions of the Committee on Terminology 
of the Society of American Foresters, and the 
text as a whole has been revised and extended. 


GRAY's PLUMBING DESIGN AND IN- 

STALLATION. 

By William Beall Gray. М. Y. 
David Williams Co., 1916. 559 рр., 
500 illus., 6x9 in., cloth, $4. (gift of 
U. P. C. Book Co.) 


A reference work for plumbers, intended to 
illustrate fully standard American practice in 
all branches of the plumbing and allied trades. 


HANDBOOK OF CHEMISTRY AND PHYSICS. 
A Ready-Reference Pocket Book of 
Chemical and Physical Data. 5th ed. 
Cleveland, The Chemical Rubber Co.; 
1917. 414 pp., 4х7 in., cloth, $2. 
The present edition of this convenient reference 


book has been carefully revised, many new 
tables have been added and the index enlarged. 


EMPLOYMENT BULLETIN 


Vacancies 


The Institute is glad to learn of desirable vacancies from responsible 


sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 

during this period names and records will remain іп the office reference Ales. 
Note.— Copy for publication in the BULLETIN should reach the Secretary’s office 

not later than the 20th of the month if publication in the following issue is de- 


sired. 
mailed to Institute headquarters. 
VACANCIES 
V-251. Good position open for ca- 


pable young graduate of mechanical 
engineering with manufacturer of elec- 
tric motors and generators, located in 
Middle West, as assistant to chief 
engineer. One to two years' experience 
essential. Only those whose services 
entitle them to advancement need 
apply. State age, salary expected, and 
date to enter duty. 


V-252. Wanted by firm manufactur- 
ing electric motors and dynamos in 
Middle West, young electrical engineer- 
ing graduate to enter sales department. 
Permanent position with good oppor- 
tunity. Must be hustler and good 
correspondent; one with practical ex- 
perience preferred. Answer, stating age, 
experience and salary expected. 


All replies should be addressed to the number indicated in each nic and 


V-254. Opportunity for a capable, 
live teacher of electrical engineering, in 
large Eastern university. Must be man 
of personality and good substantial 
training, and also with proven teaching 
ability. Good opportunity for develop- 
ment and advancement. Present 
position will pay from $1400 to $2000. 


У-255. Wanted—Electrical Engineer 
with thorough knowledge of modern 
switchboard and switching practise for 
power stations and substations. Must 
be capable of handling large estimates 
and requisitions. Give full details of 
previous experience, salary expected, 
where at present employed. Apply— 
Works' Engineer, Canadian General 
Electric Co., Ltd., Peterboro, Ont. 


V-256. Experienced motor salesmen 
for district offices in Chicago and 
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Kansas City. А splendid opportunity 
for live, experienced men on a line of 
a-c. and d-c. apparatus from 1 to 200 h.p. 
We operate on salary and bonus plan. 
State age, experience and salary record. 


V-257.  Electrical-Mechanical Engi- 
deer, with sufficient drafting experience 
to direct work in drafting department. 
Must have experience on a-c. and d-c. 
motor design; to work under chief 
engineer of exceptional ability, іп 
Middle West. Factory manufacturing 
motors from 15 to 300 hp. The position 
offers excellent possibilities for the right 
man. State age, experience, and present 
salary. 


V-258. Instructors in electric wiring 
and motor repair wanted by an electrical 
school in Brooklyn now training Army 
and Navy recruits. Thorough practical 
experience required and some teaching 
experience desirable. Beginning salary 
$100 to $150 per month, depending 
upon individual. Please give age, full 
particulars of education and experience, 
and recent photograph, if possible. 


V-259. Electrical laboratory instruc- 
tor wanted by technical school in 
Brooklyn now training Army and Navy 
recruits. Practical and teaching ex- 
perience necessary and must be a 
graduate of engineering school. Begin- 
ning salary about $1500, depending 
upon individual. Apply by letter, giving 
age, full particulars of experience and 
education, and recent photograph if 
possible. 


V-260. Electric railway in New York 
City wants young technical graduate to 
do general electrical engineering work, 
including calculations, estimates and 
sketches. Salary will depend upon 
qualifications. Applicants should give 
age, experience, salary desired, etc. 


V-263. Instructors (1) in applied 
science laboratory and (2) in mechanics 
and elementary electricity wanted by a 
technical school in Brooklyn. Salary 
first year $1200 to $1500, according to 
individual. Preference given to men 
with mechanical or electrical engineer- 
ing training and practical and teaching 
experience. State full personal’ and 
experience data, and enclose recent 
photograph, if possible. 

The Illinois State Civil Service Com- 
mission announces that it will hold an 
unassembled examination for the posi- 
поп of electrical engineer for the 
Illinois Public Utilities Commission. 
Salary $200-$300 per month. Open to 
non-residents. Apply for blanks to the 
Ilinois State Civil Service Commission 
at Springfield. Мо application forms 
will be mailed later than August 20. 
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MEN AVAILABLE 


790. Electrical Engineer, married, at 
present employed; seven years experi- 
ence in electrical power generation, 
transmission and distribution; wishes an 
executive position with small growing. 
company offering chance of advance- 
ment to an efficient worker. Reason for 
desiring change, salary incommensurate 
with knowledge required and responsi- 
bilities imposed. 

791. Are you searching for a young 
active technical man for manager or 
superintendent of small hydroelectric 
installation? Have had 11 years ex- 
perience in power generation both in 
operating and semi-executive capacity. 
East or South preferred. Suggest that 
you permit writer to get in touch with 
you. 


792. Mechanical-Electrical Engineer, 
Columbia graduate. Desires position 
as works engineer. Ten years' experience 
in industrial plant engineering, includ- 
ing installation and operation of power 
generating, transmission, and receiving 
apparatus. Also experienced in the 
application of electricity to shop pro- 
cesses, welding, electric heating, pyrom- 
etry, etc. Age 32. Married. 


793. Engineering or Executive posi- 
tion desired. I am a university graduate 
in electrical engineering and  post- 
graduate in mining engineering and 
electro-metallurgy. I have had twenty 
years experience in the manufacture, 
sale, installation and operation of 
electrical and mining machinery and 
have been a manufacturer’s representa- 
tive. Minimum salary $2400. 


794. Are you in need of an electrical 
engineer with experience in the installa- 
tion and maintenance of electrical 
apparatus for various purposes and 
familiar with general power plant 
practise? Prefer position in western 
part of U. S. Salary $1800. 


_ 795. Wanted—Position as public 
utility manager or on plant and sub- 
station construction. American, age 
35, married, high-school and business 
college education, also I. C. S. electrical 
work. Fifteen years experience elec- 
trical work, and management of electric, 
gas, heating, and ice plants. 


796. Executive Engineer desires po- 
sition with industrial or public utility 
company. Graduate electrical engineer 
with broad experience as an executive 
and engineer with electric railway 
properties, power and lighting installa- 
tions, and upon public utility valuations 
and industrial development. Available 
immefliately. 
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797. Superintendent of Construc- 
tion, finishing an extensive transmission 
line building program with no new 
work authorized, desires position as 
superintendent of moderate size light, 
power and gas company, or superin- 
tendent of service and distribution in 
large company. Long and successful 
experience. North Central States 
preferred. Age forty-three; married: 


798. Graduate Electrical Engineer 
with four years operating and eight 
years designing experience, desires po- 
sition with manufacturing or consulting 
engineering firm. At present employed 
as designing engineer by large electrical 
manufacturing company. Available 
immediately. Salary $3000. Age 36. 


799. Russia.—Graduate mechanical 
and electrical engineer with eighteen 
years' broad business and technical 
training, (three years in Russia), desires 
responsible position with contracting or 
exporting concern of strong financial 
standing that is prepared for large 
business in Russia. Familiar with ex- 
port organization; also construction and 
operation of all kinds of power plants. 


800. Graduate Engineer, now super- 
intendent of factory manufacturing 
large and small electrical machinery and 
transformers, will consider making a 
change. Eighteen years’ experience in 
electrical, engine, and steel plate work. 
Familiar with up-to-date methods and 
systems. Least salary $7,500. Will 
consider part payment in stock of com- 
pany. | 

801. Associate, with eighteen years' 
electrical experience desires position as 
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chief electrician with industrial com- 
pany. Excellent record on motor appli- 
cation, electrical construction and main- 
tenance; high and low tension distribu- 
tion. Employed at present but desires 
broader field. 


.802. Mechanical and Electrical En- 
gineer. Experienced in design and con- 
struction of power plants, street rail- 


` ways and general engineering work in 


Australia and New Zealand. Has done 
a considerable amount of organization 
and administrative work. At present 
employed in U. S. by British govern- 
ment as inspector of munitions, but 
contracts are about completed. Present 
salary $5000. 


803. Electrical and Mechanical En- 
gineer, age 35, now employed in engi- 
neering department of large railroad 
company in the East, desires to make 
change. Would consider position as - 
engineer for an industrial plant, or 
position with consulting engineering 
firm, engineering company, or holding 
company, as engineer to make investi- 
gations and reports on power plants, 
betterments to electrical central station 
systems, etc. 


804. University of Michigan grad- 
uate, (1908), age 32, married, desires 
change of position. Experience—one 
year as operator (electrical) in large gas 
engine power house, and eight years in 
various positions in plant department 
of Am. Tel. & Tel. Co., with whom 
employed at present. Available on one 
month's notice to present employer. 


1977] -— INSTITUTE AFFAIRS 223 


OFFICERS AND BOARD OF DIRECTORS, 1917-1918. 


PRESIDENT. 
(Term expires July 31, 1918) 
E. W. RICE, J«. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1918) 
JOHN J. CARTY 


(Term expires July 31, 1919) 
H. W. BUCK 


VICE-PRESIDENTS. 
(Term expires July 31, 1918) 


B. A. BEHREND 
P. JUNKERSFELD 
L. T. ROBINSON 


MANAGERS. 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 

E. H. MARTINDALE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY 
RALPH W. POPE 


(Term expires July 31, 1918) 


FREDERICK BEDELL 
A. S. McALLISTER 
JOHN H. FINNEY 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


(Term expires July 31, 1921) 
WALTER A. HALL 
WILLIAM A. DEL MAR 
WILFRED SYKES 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN 
HARRISON W. CRAVER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.—1884-1917. 


| *NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 
T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
ELIHU THOMPSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1892-4-5. 
*LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897-8. 
А. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1. 
CHARLES P. STEINMETZ, 1901-02. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, 1904-5. 


SCHUYLER SKAATS WHEELER, 1905-6. 


SAMUEL SHELDON, 1906-7. 


*HENRY G. STOTT, 1907-8. 


LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 
C. O. MAILLOUX, 1913-14. 
PAUL M. LINCOLN, 1911-15. 
JOHN J. CARTY, 1915-16. 


Н. W. ВОСК 1916-17, 


*Deceased, | 
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LIST OF SECTIONS 


Name and when Organized 


—_—— | — ——————— 


Абйаліба................ Jan. 19, "04 
Biltimore............. Dec. 16, '04 
Boston................Feb. 13, '03 
ОВО oscar РОТ de YES 1893 
С:елеіапі............. Sept. 27, '07 
Denver............... May 18, '15 
Detroit-Ann Arbor...... Jan. 13, '11 
Fort Маупе........... Aug. 14, '08 
Iadianapolis-Lafayette..Jan. 12, '12 
ПВҺаса................ Oct. 15, '02 
Kansas City, Мо....... Apr. 14, '16 
Los Angeles ET May 19, '08 

упп................. Aug. 22,'11 
Madison.............. Jan , 09 
Мехісо............... Гес. 13, "07 
Митайкее.............Ееһ. 11,710 
Minnesota............. Apr. 7, '02 
Рапапа............... Oct. 10,713 
Philadelphia........... Feb. 18, '03 
Pittsburgh.............Oct. 13, '02 
Pittsfield.............. Mar. 25, '04 
Portland, Ore.. May 18, 09 
Rochester............. Oct. 9,'14 
St. Louis.............. Jan. 14, '03 
San Francisco.......... Dec. 23, '04 
Schenectady........... Jan. 26, '03 
$геа{Не................ Jan. 19, '04 
Spokane.............. Feb. 14, '13 
T»ledo................ June 3, '07 
Toronto............... Sept. 30, '03 
Utah Section........... Mar. 9,717 
Urbana............... Nov. 25, "02 
Vancouver.............Aug. 22, '11 


Washington, D. C.......Apr. 9, 03 


Chairman 
A. M. Schoen 
J. B. Whitehead 
H Hope 
Wm. J. Crumpton 
C. M. Rakestraw 
Norman Read 
H. H. Higbie 


J. J. Kline 
J. L. Wayne, 3rd 


F. Bedell 

W. F. Barnes 
R. H. Manahan 
J. В. Price 
Arthur Simon 
R. J. S. Carter 


C. J. Embree 
Nathan Hayward 


F. E. Wynne 

V. E. Goodwin 

J. C. Martin 
Frank C. Taylor 
A. McR.Harrelson 
J. E. Woodbridge 
W. L. Upson 
C. E. Magnusson 
Charles A. Lund 
W. E. Richards 
William G.Gordon 
А. S. Peters 
R. F. Hayward 
Paul G. Agnew 


Revised to August, 1917.8 


Secretary 


Тһотав C. Taliaferro, S. E. Underwriters 


Ass'n., Atlanta, Ga. 

L.M. Potts, Industrial Bldg.,Baltimore, Md. 

Ira M. Cushing,84 State St., Boston, Mass. 

C. A. Keller, Edison Building, Chicago, ПІ. 

С. S. Ripley, 711 Williamson Building, 
Cleveland, Ohio. 

Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 

H. Wyckoff, Detroit Edison Company, 
Detroit, Mich. 

R. B. Roberts, G. E. Co., Fort Wayne,Ind. 

C. A. Cora, care Central Unoin Tel. Co., 
Indianapolis, Ind. 

V. Karapetoff (Acting Secretary), Cornell 
Univ., Ithaca, N. Y. 

Glenn O. Brown, 5519 Tracy Ave., Kansas 
City, Mo. 

Carl E. Johnson, 459 East Third Street, 
Los Angeles, Cal. 

L. E. A. Kelso, University of Wisconsin, 
Madison, Wis. 

Soren H. Mortensen, Allis-Chalmers Mfg. 
Co., West Allis, Wis. 

Vernon S. Beck, Beck Elec. Const. Co., 
Minneapolis, Minn. 

W. Е. Kleene, Ancon, С. 2. 

H. Mouradian, Bell Telephone Co. of 
Penna., Philadelphia, Pa. 

G. M. Baker, G. E. Co., Oliver Building, 
Pittsburgh, Pa. 

E. K. Shelton, General Electric Company, 
Pittsfield, Mass. 

E. D. Searing, 1185 Kerby Street, Port- 
land, Oregon. 

J. W. Morrison, Rochester Telephone Co., 
Rochester, N. Y. 

H. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo. 

А. С. Jones, 811 Rialto Building, San 
Francisco, Cal. 

L. F. Millham, General Electric Company, 
Schenectady, N. Y. 

C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 

Foster Russel!, Washington Water Power 
Company, Spokane, Wash. 

Max Neuber, Cohen. Friedlander & Mar- 
tin, Toledo, Ohio. 

Ernest V. Pannell, 60 Front Street, West, 
Toronto, Ont. 

H. T. Plumb. | 

L. V. James, Univ. of Illinois, Urbana, Ill. 

T. H. Crosby, Canadian WestinghouseCo., 
Vancouver, B. 

J. Ernest Smith, McKinley Manual Train- 
ing School, Washington, D. C. 


Total 33 LIST OF BRANCHES 


Мате and waen Organized 


Agricultural and Mech. 


College of Texas...... Nov. 12, '09 
Alabama Poly. Inst...... Nov. 10, '16 
Alabama, Univ. оЁ...... Dec. 11, '14 
Arkansas, Univ. of...... Mar. 25, '04 
Armour Institute....... Feb. 26, '04 
Brooklyn Poly. Inst...... Jan. 14, '16 
Висхпей University..... May 17, '10 


California, Univ. of ..... Feb. 9,712 
Carnegie Inst. of Tech... May 18,715 
Cincinnati, Univ. of..... Apr. 10, "08 
Clarkson Col. of Tech....Dec. 10, '15 
Clemson AgriculturalCol.Nov. 8, '12 


Colorado State ша 
tural College.. ... Feb. 11,110 


Chairman 


M.M. Bridgewater 
W. W. Hill 
Gustav Wittig 

W. L. Teague 

E. A. Moore, Jr. 
Paul G. Wehle 

A. W. Hatfield 
Bradley B. Brown 
E. G. Peterson 

R. L. Utley 

H. H. Plank 


D. H. Banks 


Secretary 


L. E. Tighe, College Station, Tex. 

L. I. Davis, Auburn, Ala. 

A. F. Frazer, University, Ala. 

J. C. Douthit, University of Arkansas, 
Fayetteville, Ark. 

A. A. Hofgren, 7542 South Chicago Ave- 

. nue, Chicago, Ill. 

Robert Davie, The Polytechnic Insti- - 
tute, Brooklyn, N. Y. 

C. C. Gillette, Phi Gamma Delta House, 
Bucknell University, Lewisburg, Pa. 

H. F. Fielder, University of California, 
Berkeley, Cal. 

B. C. Dennison, Carne School of Tech- 
nology. Pittsburgh, 

H. V. McCormick, 3110. Woodburn Ave., 
Cincinnati, Ohio 

Philip R. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 

W. Н. Neil-Clemson College, S. C. 


H. W. McKinley | Е: С. Stiers, Colorado State Agricultural 


College, Fort Collins, Colo. 
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LIST OF BRANCHES—Continued. 


—— 


Colorado, Univ. оѓ...... Dec. 
Georgia School of Tech- 
nology.............. June 
Highland Park College .Oct. 
Idaho, Univ of. . ..June 
Iowa State College .. Apr. 
Iowa, Univ. of......... May 
Kansas State Agr. Col.. . Jan. 
Kansas Univ. of........ Mar 


Kentucky, State Univ. of Oct. 


Lafayette College....... Apr. 
Lehigh University... . . . Oct. 
Lewis Institute.. .Nov 


Maine Univ. of. 
Massachusetts Inst. of 


Tech.... сар, 
Michigan, Univ. of...... Mar 
Minnesota, Univ. of. .... May 
Missouri Univ. of. ..... Jan 
Montana State Col...... May 
Nebraska, Univ. оҒ..... Apr. 


North Carolina Col. of 
Agr. and Mech. Arts. . Feb. 


North Carolina, Univ. of.Oct. 
North Dakota, Univ. of . .Feb. 


Norwich University Scu June 
Ohio Northern Univ... .. Feb. 
Ohio State University ... Dec. 
Oklahoma Agricultural and 
Mech. Со!........... Oct. 
Oklahoma, Univ. of. . .. .Oct. 
Oregon Agr. Col........ Mar 
Penn. State Е . Dec. 
Pittsburgh, Univ. of. ... . Feb. 
Purdue University...... Jan. 
Rensselaer Poly. Inst.... Nov. 
Rose Polytechnic Inst.... Nov. 
Rhode Island State Col.. Mar. 
Stanford Univ.. ... Dec. 
Syracuse Univ.. ...Feb. 
Texas, Univ. of........ Feb. 


Throop College of Tech- 


nology.............. ct. 
Virginia Polytechnic In- 
stitute.............. Jan. 


Virginia, Univ. of.. . Feb. 
Wash., State Col. of..... Dec. 


Washington Univ.. ......Feb. 
Washington, Univ. of. ..Dec. 
West Virginia Univ... . . Nov. 
Worcester Poly. Inst....Mar. 
Yale University ........ Oct. 


Name and when Organized 


Chairman 


Robert Newman 


R. E. Robinson 
E. E. Gould 

Praet 

L. N. Miller 

R. W. Davis 

A. W. Davies 

Harry C. Hartung 

R. H. Lindsay 

Rowland Manley 

Fred P. Jones 

W. R. Harvey 

George W. Miller 

A. C. Lanier 

Roy C. Hagen 

Olin J. Ferguson 

John R. Hauser 

A. C. Forney 


D. F. McConnell 
Edward B. Dawson 


R. H. Bennett 
E. S. Gunn 

G. E. Davis 
A. W. Watter 
J. A. Hooper 


. B. Kelly. 
. В. Roth 


C. Е. Harding 
W. J. Williams 
H. E. Smock 

A. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
John D. Hindle 


W. S. Rodman 
S. Stites 


Charles A. Lieber 
L. P. Kongsted 
O. P. Jolifte 

B. Luther 

A. W. Cahoon 


Secretary 
William N. Gittings, University of Colo- 
rado, Boulder, Colo. 


John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 

Adolph Shane, Highland Park College, 
Des Moines, Iowa. 

L.J.Corbett, Univ.of Idaho, Moscow,Idaho. 

Е.А. Robbins, Iowa St. Col., Ames, Iowa. 

A. H. Ford, University of Iowa, Iowa City, 
Iowa. . 

M. H. Russell, Kansas State Agri. Col., 
Manhattan, Kansas. 

Clark Davis, University of Kansas, Law- 
rence, Kansas. 

С. D. Aaron, State University of Kentucky, 
Lexington, Ky 

МН Lash Lipps 633 Parsons, Easton, 


R. D. Bean, Lehigh University, South 
Bethlehem, Pa. 

S. P. McDaniels, Lewis Institute, Chicago. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 


T. W. Connant, луй of Michigan, 
Ann Arbor, Mich. 

Ray McKibben, University of Minnesota, 
Minneapolis, ‘Minn. 

D. P. Savant, University of Missouri, 
Columbia, Mo. 


J. A. Thaler, Montana State College, 
Bozeman, Mont. 
F. C. Holtz, University of Nebraska, 


Lincoln, Nebraska. 

Landon C. Flournoy, N. C. Coll. of A. and 
M. Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 
Chapel Hill, М. С. 

Roy А. Wehe, University ‚М. D. 

Robin Beach, Norwich University, North- 


field, Vt. 

W. W. Wickerham, 125 S. Gilbert Street, 
Ada; Ohio. 

T. D. Robb, 124 West 10th Ave., Colum- 
bus, Ohio. 


W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 

C. H. Whitwell, University of Oklahoma, 
Norman, Okla. 

L. Happold, Oregon Agri. 
vallis. Ore. 


College, Cor- 


W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

A. N. Topping, Purdue Univ., Lafayette, 
Indiana. 

W. В. Townsend, ]т., Rensselaer Poly- 
technic Institute, Troy, N. 

Sam P. Stone, 1012 North 8th Street, 
Terra Haute, Ind. 

Carl A. Burdick, Rhode Island State Col- 
lege, Kingston, R. I 

A. L. Morgan, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
сизе, N. 

J. A. Correll, "Univ. of Texas, Austin, Tex. 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 

E. S. Smithson, Virginia Polytechnic 
Institute, Blacksburg, Va. 

J. K. Peebles, University, Va. 

E. Tollefson, State Coll. of Wash., Pull- 
man, Was 

R. W. Mac "Donald, Washington Univer- 
sity, St. Louis, Mo. 

L. M. Lubcke, University of Washington, 
Seattle, Wash. 

D. F Cronin, 52 ee Driveway 
Morgantown, W. 

N. L. Towle, Worcester Polytechnic In- 
stitute, Worcester, Mass. | 

J. P. Allen, Sheéffeld, Scientific School’ 
New Haven.-Conn: 


——— . —————.————...—.————.—.————————————— 


Total 59 
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INSTITUTE MEETING IN PHILA- 
DELPHIA OCTOBER 8, 1917 


The 333d meeting of the A. I. E. E. 
Will be held in Philadelphia, October 8, 
1917. Тһе general subject of the meet- 
ing wil be Industrial Research. А 
discussion of industrial research, should 
prove highly profitable and practical 
just at this time, when every energy is 
being focused on problems connected 
vith the progress of a war, which, above 
everything else, is making use of every 
scientific advance. 

Papers will be read by Mr. C. E. 
Skinner and Dr. F. B. Jewett, on the 
influence of industrial research on the 


development of electrical industries, · 


and by Dr. A. E. Kennelly, on the 
contribution of Universities to indus- 
tal research. It is hoped to have a 
member of the National Research 
Council present to read a paper on the 
organizing of engineers, and engineering 
research in the prosecution of the war. 
Afternoon and evening sessions will be 
held, and an informal dinner will take 
place between the sessions. Тһе exact 
titles of the papers and the place of 
meeting will be announced later. There 


will be no New York meeting of the - 


Institute in October. 


А. I E. E. DIRECTORS’ MEETING 
AUGUST 14, 1917 


The first meeting of the Board of 
Directors of the Institute for the ad- 
ministrative year beginning on August 
1, 1917, was held at Institute head- 


quarters, New York, on Tuesday, 
August 11, at 3 p.m. 

There were present: President, E. W. 
Rice, Jr., Schenectady, N. Y.; Past- 


President, John J. Carty, New York; 


‘Vice-Presidents, В. A. Behrend, Boston, 


Mass., L. T. Robinson, Schenectady, 
М. Ү., A. S. McAllister, New York; 
Managers, F. B. Jewett and William 
А. Del Mar, New York, John B. Taylor, 
Schenectady, N. Y., C. E. Skinner and 
Charles Robbins, Pittsburgh, Pa., N. 
A. Carle, Newark, N. J., E. H. Martin- 
dale, Cleveland, O., Walter A. Hall, 
West Lynn, Mass,; Treasurer, George 
A. Hamilton, Elizabeth, М. Ј.; Secre- 
tary, F. L. Hutchinson, New York. 

President Rice announced the ap- 
pointment in part of the committees for 
the administrative year. А complete 
list of these appointments is printed in 
this issue of the PROCEEDINGS. 

The Patent Committee and the Com- 
mittee on the Development of Water 
Power were not reappointed, it being 
felt that the functions of these two 
committees now come properly within 
the scope of the newly organized 
Engineering Council. 

Mr. Guido Semenza was reappointed 
by the Board as Local Honorary Secre- 
tary for Italy for the term of two years 
ending July 31, 1919. 

In accordance with the by-laws of the 
Edison Medal Committee, the Board 
elected from its own membership: 
John J. Carty, B. A.. Behrend and А. 
S. McAllister to serve upon the com- 
mittee for the term of two years, and 
L. T. Robinson to serve for one year to 
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fll the unexpired term of a retiring 
member of the Board of Directors. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $13,108.62 was ratified. 

The report of the Board of Examiners 
. of. meetings held on July 12 and 
August 13 was read and the actions 
taken at those meetings were approved. 

Upon the recommendation of the 
Board of Examiners 

7 Students were ordered enrolled, 

88 Applicants were elected to the grade 
of Associate, 

6 Applicants were elected to the grade 

of Member, 
19 Applicants were transferred to the 
grade of Member, and 

2 Applicants were transferred to the 

grade of Fellow. 

The program of Institute meetings 
for the coming year was discussed. It 
was voted to hold the October meeting 
in Philadelphia on October 5, and the 
November meeting in New York on 
November 9. Final decision regarding 
the balance of the program was de- 
.ferred, with the understanding that the 
subject would be presented by the 
Meetings and Papers Committee for 
further consideration at the October 
meeting. 

A considerable amount of other 
business was transacted by the Board, 
reference to which will be found in 
future issues of the PROCEEDINGS. 


ENGINEERING COUNCIL. 


Subsequent to the organization meet- 
ing held on June 27, 1917, the Engineer- 
ing Council has held two other meetings, 
one on July 13 and on July 26. It has 
considered many matters of interest to 
engineers in general. 

There have been appointed standing 
committees: 

1. On Public Affairs, comprising 
Messrs. C. W. Baker, G. F. Swain, 
S. J. Jennings and E. W. Rice, Jr. 

2. On Rules. ccmprising Messrs. 
J. P. Channing, Clemens Herschel, 
М. А. Carle and D. S. Jacobus. 
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3. On Finance, comprising Messrs: 
B. B. Thayer, I. E. Moultrop, Calvert 
Townley and Alex. C. Humphreys. 

Many matters coming before the 
Council, both from the several founder 
societies and from the Council's prede- 
cessor, the Joint Conference Committee 
of Naticnal Engineering Societies, have 
been considered and referred to appro- 
priate standing committees for investi- 
gation and report. 

The Council has also created a War 
Inventions Committee comprising 
Messrs. H. W. Buck, A. M. Greene, Jr., 
and E. B. Kirkby, to cooperate with the 
Naval Advisory Board and other de- 
partments at Washington if desired 
in the promulgation to engineers of war 
problems now before the government 
and for which there are opportunities 
for solution by means of inventions. 
It also created a committee comprising 


‘Messrs. George J. Foran, E. B. Sturgis, 


A.S. McAllister and A. D. Flinn, which 
is to collect and compile such informa- 
tion regarding engineers of the country 
as will enable the committee to co- 
operate with the different departments 
of the Federal Government on request 
and to assist in supplying the Govern- 
ment's need for engineering services. 
While the Council comprises only 
members from the four founder societies 
and of course can claim no right to 
speak for members of other societies 
nor for engineers at large, the Council 
members feel that the body will not 
have accomplished the results for which 
it was created unless 1t early establishes 
means of cordial cooperation with en- 
gineers, organized or otherwise. Every 
effort toward this end 1s contemplated. 


PAST SECTION MEETINGS 


Los Angeles.— Мау 29, 1917, Cham- 
ber of Commerce Building. Paper: 
"Insulators and Insulator Design" by 
C. P. Leibold. 

Urbana.— June 8, 1917, Electrical En- 
gineering Laboratory. Election of officers 
аз: follows: Chairman, L. V. James; 
secretary-treasurer, A. R. Knight. 
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ASSOCIATES ELECTED AUGUST 14, 
1917 


AusTIN, B. O., Consulting Engineer, 
Charlotte; res., La Grange, N. C. 
AVERBACH, JACOB EDWARD, Manager, 
Iron City Engineering Co., 1332 
Dime Bank Bldg.; res., 99 Edmund 

Pl., Detroit, Mich. 

AVERY, FLovp B., Engineer, Wagner 
Electric Mfg. Co.; res., 6146 Suburban 
Ave., St. Louis, Mo. 

*BADGER, HENRY STILLMAN, Assistant 
Division Inspector, Public Service 
Co. of Northern Illinois, Chicago 
Heights, Ill. 


BaiLEv, Н. H., Resident Engineer, E. 
W. Clark & Co. Management Corp., 
Columbus, O.; res., 107 33rd Ave. 
S., Nashville, Tenn. 


BLANCHARD, THEODORE STRONG, Y. M. 
C. A., Chester, Pa. 


BowrEs, RICHARD HENRY, Assistant 
Electrical Engineer, Sao Paulo Tram- 
way Light & Power Co., Sao Paulo, 
Brazil, So. Amer. 


BRIDGMAN, ARTHUR DWIGHT, Assistant 
Foreman, Switchboard Dept., Trum- 
bul Electric Mfg. Co., Plainville, 
Conn. 


Вкорев, GEORGE А., Electrical Engi- 
neer, Erner Electric Co.; res., 2200 
Prospect Ave., Cleveland, O. 


*BROWN, ELMER ALFRED, Assistant 
Superintendent, Clark Mfg. Co.; res., 
2318 E. 86th St., Cleveland, O. 


*BusH, GEORGE POLLOCK, Ist Lieu- 
tenant, Signal Corps, U. S. R., 1320 
Consumers Bldg., Chicago, Ill. 


CLAYTOR, EDWARD MCRAE, Designing 
Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh; res., 705 
Lamar Ave., Wilkinsburg, Pa. 


CLOVER, EMMETT BRANSON, Salesman, 
Economy Fuse & Mfg. Co., 1212 
Majestic Bldg.; res., 624 Woodward 
Ave., Detroit, Mich. 


CoLLINs, ALVIN BATEMAN, Equipment 
Engineer's Assistant, Mountain States 
Tel. & Tel. Co.; гез., 1053 Milwaukee 
St., Denver, Colo. 
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CONNELL, Roy, Principal Assistant 
Engineer, Hall Switch & Signal Co., 
Garwood; res., 171 Elm St., Westfield, 
N. J. 

COVELL, RALPH A., Salesman, Cutler- 
Hammer Mfg. Co.; res., 125 W. Elm 
St., New Haven, Conn. 

CREGAR, SAMUEL CLAy, Road Elec- 
trician, Union Pacific Railroad Co.; 
res., Fornam Hotel, Omaha, Neb. 

CURTIS, HARRY ARTHUR, Power Station 
Supt., Hydroelectric Dept., Govern- 
ment of Tasmania, Hobart; res., 
Waddamana, Tasmania. 

CUSHING, RICHARD WATSON, Junior 
Electrical Engineer, War Department, 
Engineer Depot, Washington Bar- 
racks, D. C. 

DEHN, GEORGE R., Electrical Fore- 
man, Panama Canal, Balboa, Canal 
Zone. 

DEWITT, HENRY, Electrical Heating 
Engineer, Detroit Edison Co.; res., 
642 Cadillac Ave., Detroit, Mich. 

DIETERICH, FREDERICK C., Electrical 
Foreman, Construction Dept., Coun- 
ties Gas & Electric Co.; res., 109 
Stanbrige St., Norristown, Pa. 

DILLON, THEODORE H., Captain Engi- 
neers, U. S. Army; Superintendent, 
Gatun Locks, Panama Canal, Gatun, 
Canal Zone. 

Dorsey, Oris Вомр, Power Superin- 
tendent, Hopkins & Allen Arms Co.; 
гез., 162 Broad St., Norwich, Conn. 


ErTZEN, Louis C., General Manager, 
August Mietz Corp., 128 Mott St., 
New York; res, 519 Lincoln Pl, 
Brooklyn, N. Y. 


*ERICKSON, CARL JOSEPH, Engineer: 
Western Precipitation Co., 1016 W- 
9th St., Los Angeles, Cal. 


FLEISHER, WALTER ADLER, S. B. & 
B. W. Fleisher, Inc., 26th & Reed Sts.; 
гез., 3422 Powelton Ave., Philadel- 
phia, Pa. 

FORNEY, Ross Новев, Chief Dis- 
patcher, Texas Power & Light Co., 
711 Interurban Bldg., Dallas, Tex. 

FORSYTH, ARTHUR KENNARD, Engineer- 


ing Dept., Western Electric Co.; res., 
958 Anderson Ave., New York, N. Y. 
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FOURAKER, RAYMOND SPINEY, Design- 
ing Engineer, Westinghouse Electric 


' & Mfg. Co., East Pittsburgh; res., 


705 Lamar St., Wilkinsburg, Pa. 

GRAVELL, JAMES HARVEY, Consulting 
Engineer, 149 Broadway, New York, 
N. Y. 

GROENKE, GEORGE HERRMAN, Switch- 
board Operator, Miraflores Power 
Station, Panama Canal, Corozal; 
res., Ancon, Canal Zone. 

HALE, WESLEY IVANHOE, Electric In- 
spector, E. I. du Pont de Nemours 
& Co., City Point; res., 402 S. 3rd 
St., Hopewell, Va. 

HAMILTON, CLAUDE P., Foreman, Con- 
struction Dept., General Electric Co., 
Schenectady, N. Y. 


HERRMANN, LEON CHARLES, Secretary 
and Electrical Engineer, Badt West- 
burg Electric Co., 832 Monadnock 
Block, Chicago, Ill. 


Hess, VERNON E., Atchison, Topeka 
& Santa Fe Ry., Mechanical Bldg., 
Topeka, Kans. 

HUTCHINGS, FRANK FARLEY, Engineer- 
ing Dept., General Electric Co.; res., 
15 Mall St., Lynn, Mass. 


*JUNKINS, RAYMOND DEXTER, Testing 
Engineer, Pittsburgh Crucible Steel 
Co., Midland, Pa. 


Кімс, A. B., Sales Manager, Electric 
Machinery Co.; res., 2639 Buchanan 
St. N. E., Minneapolis, Minn. 


KING, ARTHUR ADDISON, Chief Elec- 
trician, Arizona Commercial Mining 
Co., Copper Hill, Ariz. 

KIRKMAN, BERT, Electrician, Dept. of 
Parks, Borough of Brooklyn, New 
York City; res., 583 Eagle Ave., New 
York, N. Y. 


LANDIS, CHARLES S., Operator, Engle- 
side Substation, Edison Electric Co.; 
res., 21 Locust St., Lancaster, Pa. 


*LANGSTAFF, HAROLD A. P., Electrical 
Engineer, Willis L. Adams, 311 Falls 
St., Niagara Falls, N. Y. 


LEISENRING, FRANK SHEPPARD, Secre- 
tary, Wire Inspection Bureau; Pres- 
ident, Mechanical Specialties Co., 
Park Row Bldg., New York, N. Y. 
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LITZEBAUER, FRED А., Estimator, Е. S. 
Downs Со., 756 Broad St.; res., 877 
5. 18th St., Newark, М. J. 

Lucas, BuRTON E., Chief Electrician, 
Solvay Process Со.; res., 119 24th St., 
Detroit, Mich. 

McCHESNEY, ADELBERT Boss, Sales- 
man, Crouse-Hinds Co., 30 Church 
St., New York, М. Y.; res., 244 Com- 
monwealth Ave., Detroit. Mich. 

*McGREGOR, ANDREW JAMES, JR. 
Electrical Engineer, Public Service 
Commission, New York, N. Y.; res., 
368 Palisade Ave., West Hoboken, 
N. J. 

McKENZIE, WILLIAM L., Manager, 
W. L. McKenzie & Co.; res., 1230 
5th Ave. S., Lethbridge, Alta. 

MEYER, Harry V., Electrical Engineer, 
Harroun Motor Corp., Wayne; res., 
130 Quincy Ave., Detroit, Mich. 

*MOLITOR, FRED W., Electrical Labora- 
torian, U. S. Experiment Station, 
Naval Academy; res., 164 Green St., 
Annapolis, Md. 

MURRELL, CLARENCE EDWARD, Assist- 
ant Field Engineer, Research Cor- 
poration, New York; res., 37 N. Pleas- 
ant Ave., Rockaway Beach, N. Y. 

*NASH, EDWARD J., Electrical Engineer, 
Butte Electric Railway; res., 2031 S. 
Gaylord, Butte, Mont. 

NICKEL, LEOPOLD W., Sales Engineer, 
Cutler-Hammer Mfg. Co., 50 Church 
St.; гез., 516 W. 184th St., New York, 
N. Y. 

NUKIYAMA, Непсні, Lecturer on Elec- 
trical Engineering, Tohoku Imperial 
University, Sendai, Japan. 

OTTEN, HENRY, JR., Assistant Engineer, 
Economics Dept.,Interborough Rapid 
Transit Co.; res., 761 Home St., 
New York, N. Y. 

Peck, HENRY C., Lukens Iron & Steel 
Co., Coatesville, Pa. 

PERRY, DANIEL WHITAKER, Westing- 
house Electric & Mfg. Co., East 
Pittsburgh; res., 901 North Ave., 
Wilkinsburg, Pa. 

PUTNAM, RoBERT G., Westinghouse 
Electric & Mfg. Co., E. Pittsburgh; 
теѕ., 734 Wallace Ave., Wilkinsburg, 
Pa. 
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REID, ROBERT, Electrical (valuation) 
Engineer, Sierra and San Francisco 
Power Co., San Francisco; res., 1510 
Ashby Ave., Berkeley, Cal. 


ROUMBANIS, DEMETRIUS, Draftsman, 
Hydro-Electric Power Commission 
of Ontario, 190 University Ave., 
Toronto, Ont. 


Ryan, FRANK Ear, Efficiency En- 
gineer, Spokane Heat, Light & Power 
Co.; res., East 7, 28th Ave., Spokane, 
Wash. | 


Ryan, PauL D., Electrical Engineer, 
U. S. Soldier’s Home; res., 4010 
Illinois Ave. N. W., Washington, 
D. C. 


SALBERG, WILLIAM HARMON, Chief 
Electrician, Cleveland Crane & En- 
gineering Co., Wickliffe, Ohio. 

SALICIS, GEORGE A., Assistant Superin- 


tendent, Laurentide Power Co.,Grand 
Mere, P. Q., Canada. 


SANFORD, SELDEN B., Engineer of Tests, 
Otis Elevator Co.; res., 526 W. 113th 
St., New York, N. Y. 


*SCHLOTH, ARTHUR. CARL, Turbine 
Test Dept., General Electric Co., 
W. Lynn, Mass.; res., 108 Kearsarge 
St., Manchester, N. H. 


SCHULTZ, HERMAN WILLIAM, Electrical 
Engineer, Wm. C. Schultz & Son; res., 
1102 Sixth St., Beloit, Wis. 


*"SHERRERD, GEORGE, JR., Commercial 
Engineer, Industrial Dept., Westing- 
house Electric & Mfg. Co., East 
Pittsburgh, Pa. 


*SIMONICH, JOHN LAWRENCE, Engineer, 
Electric and Steam Test Dept., 
Pittsburgh Crucible Steel Co., Mid- 
land, Pa. 


*SMILARI, MANLIO A., Designing En- 
gineer, Transformer Engineering 
Dept., General Electric Co., Pitts- 
field, Mass. | 


SMITH, ARTHUR, Chief Electrical and 
Mechanical Engineer, Lacroze Tram- 
way Co. Ltd., Buenos Aires, Argen- 
tine Republic, S. A. 


ӛмітн, BERTRAND, Electrical Engineer, 
Arizona Power Co., Prescott, Ariz. 
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SMOLENS, Harry, Inspector, Distribu- 
tion Dept., Philadelphia Electric Co.; 
гез., 3115 Columbia Ave., Philadel- 
phia, Pa. 

THOMPSON, CHARLES H., Motor Trouble 
Specialist, Cleveland Armature 
Works; res, 36 Brightwood St., 
E. Cleveland, O. 

TINSON, HERBERT ARTHUR, Assistant 
Illuminating Engineer, Edison Lamp 
Works of General Electric Co., 
Harrison; res, 49 Dunnel Rd., 
Maplewood, М. ]. 

VAN STEENBERG, CHARLES F., Panama 
Canal, Pedro Miguel, Canal Zone. 
WADE, WiLLIAM HAMILTON, JR., Power 

Director, Norfolk & Western Rail- 
way Electrification, Bluestone; res., 
605 Raleigh Terrace, Bluefield, W. 

Va. 

*WALLACE, WILLIAM STINSON, Sales 
Engineer, Burke Electric Co.; res., 
321 S. Evaline St., Pittsburgh, Pa. 

*WARD, BUTLER E., 2nd Lieutenant, 
Corpsof Engineers, Co. No. 2, Amer- 
ican University, Washington, D. C. 

WELKE, RUDOLPH ALEXANDER, Cadet 


Engineer, New York Edison Co., 
New York; res., 28 Crescent Pl., 
Brooklyn, N. Y. | 
WHIPPLE, CHARLES L., Electrician, 


Anaconda Copper Mining Co.; res., 

926 8th Ave. N., Great Falls, Mont. 
WuiteE, CUVIER W., 132 Penobscot St., 

Rumford, Me. . 

WHITNEY, WHEELOCK, St. Cloud Public 
Service Co., St. Cloud, Minn. 

WILSON, ALFRED RANDOLPH, Secretary 
and Actuary, Amicable Life Insur- 
ance Co.; General Manager, Amicable 
Bldg., Waco, Tex. 

Моге, CLARENCE W. W., Construction 
Foreman, General Electric Co., Sche- 
nectady, N. Y. 

Woop, Harry MENGER, Designing 
Engineer, Railway Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

УокоудмА, Masajı, Engineer, Yoko- 
hama Electric Wire Works, No. 53, 
Ogawamachi, Kandaku, Tokio, Japan. 

Total 88 

*Former enrolled Students. 
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MEMBERS ELECTED AUGUST 14, 
1917 


ForLps, GEORGE ROBERT, President, 
Frank B. Cook Co., 326 W. Madison 
St., Chicago, Ш. 

FREEMAN, FREDERICK CHARLES, Con- 
struction Dept., United Gas Improve- 
ment Co., Philadelphia; res., 21 St. 
Pauls Rd., Ardmore, Pa. 

KEITH, WILLIAM G., Commissioner Gas 
& Electricity, City of Chicago; res., 
3755 N. Avers Ave., Chicago, Ill. 

Моове, К. W. E., General Engineer, 
Westinghouse Electric & Mfg. Co.. 
East Pittsburgh, Pa. 

Monnis, FREDERICK W., Chief of Test- 
ing Bureau, Electrical Engineering 


Dept., Brooklyn Edison Co., 360 
Pearl St., Brooklyn, N. Y. 
PIKE, RoBERT DicksoN, Chemical 


Engineer, 74 New Montgomery St., 
San Francisco, Cal. ` 


TRANSFERRED TO THE GRADE 
OF FELLOW AUGUST 14, 1917 
BLACKWELL, Отто B., Transmission and 

Protection Engineer, American Tele- 
phone& Telegraph Co., NewYork,N.Y. 
BLAKE, S. H., Engineer, Supply Dept., 
GeneralElectricCo.,Schenectady,N.Y. 
CRAIGHEAD, JAMES R., Electrical Engi- 
neer, Standardizing Laboratory, Gen- 
eral Electric Co., Schenectady, N. Y. 


TRANSFERRED TO THE GRADE OF 
MEMBER AUGUST 14, 1917 


Harry, Electrical and 
Contracting Engineer, 


ALEXANDER, 
Mechanical 
New York, N. Y. : 

ANDRAE, ROBERT TURNER, Assistant 
General Manager, Northern Ontario 
Light & Power Co., Cobalt, Ont. 

ATKISSON, E. ]., Captain, Corps of 
Engineers, Assistant Superintendent, 
Gatun Locks, Gatun, C. Z. 

Астү, К. А., Sales Engineer, Common- 
wealth Edison Co., Chicago, Ill. 

BAUHAN, ALEX. E., Station Superin- 
tendent, Pennsylvania Water & Power 
Co., Holtwood, Pa. 
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Davipson, JAMES E., Assistant to the 
President, Omaha Electric Light & 
Power Co., Omaha, Neb. 

DEXTER, Harris EDWARD, Engineer, 
Industrial Control Dept., General 
Electric Co., Schenectady, N. Y. 

EALES, HERBERT W., Chief Electrical 
Engineer, Union Electric Light & 
Power Co., St. Louis, Mo. 

Gray, G. Francis, Industrial Fellow, 
Mellon Institute of Industrial Re- 
search, Pittsburgh, Pa. 

HALL, CHESTER I., Engineer, Demand 
Meter Dept., General Electric Co., 
Ft. Wayne, Ind. 

JACKSON, NEWTON, Assistant to Elec- 
trical Engineer, United Gas Improve- 
ment Co., Philadelphia, Pa. 

KELLER, C. A., Senior Engineer, Com- 
monwealth Edison Co., Chicago, Ill. 

LESLIE, Ермлкр A., Electrical Engi- 
neer, New York, N. Y. 

MuRRAY, JOSEPH BRADLEY, Assistant 
General Manager, Edison Electric 
Illuminating Co. of Brooklyn, Brook- 
Ivn, N. Y. 

PETTY, Davip M, 
Electrical Dept., 
Co., Bethlehem, Pa. 


REYNEAU, P. O., Distribution Engineer, 
Detroit Edison Co., Detroit, Mich. 


RoBERTS, T. C., Chief Engineer, United 
Verde Copper Co., United Verde & 
Pacific Railway Co., Clarkdale, Ariz. 

WRAY, EDWARD, Assistant to General 


Manager, Sangamo Electric Co., 
Springfield, Ill. 


Superintendent, 
Bethlehem Steel 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its regu- 
lar monthly meeting, held on August 13, 
1917, recommended the following mem- 
bers of the Institute for transfer to the 
grade of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 


To Grade of Fellow 


BLiss, WILLIAM Lonp, Chief Engineer, 
U. S. Light & Heat Corp., Niagara 
Falls, N. Y. 
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To Grade of Member 

AGEE, Howarp H., Engineer, D. C. & 
Wm. B. Jackson, Philadelphia, Pa. 

DRABELLE, JOHN MITCHELL, Electrical 
Engineer, Iowa Railway & Light Co., 
Cedar Rapids, Ia. 

Fox, MauRICE EDWARD, Chief Elec- 
trical Engineer, Edison Accumulators 
Ltd., London, England. 

SMITH, HAROLD WHITMORE, Electrical 
Engineer, Dept. of Works & Rail- 
ways, Commonwealth Government, 
Melbourne, Australia. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before September 30, 
1917. 


Anderson, C. A., Sydney, N. S. 

Buck, А. М., Surf Inlet, B. C. 
Coleman, J. E., Brooklyn, N. Y. 
Connor, R. A., Chicago, Ill. 

Eaton, К. М., Passaic, М. ]. 

Feder, J. B., New York, N. Y. 
Garbutt, H. L., E. Pittsburgh, Pa. 
Gibson, F. J., Philadelphia, Pa. 

Hagan, J. S., East Pittsburgh, Pa. 
Healy, E. S., Portland, Ore. 

Jarrett, Le G., Bloomfield, М. J. 
Kichlu, K. B., Highland Park, Mich. 
Lardner, А. J., Christchurch, М. Z. 
Lyons, E. J., Peoria, Ill. 

McLaughlin, C. F., Little Rock, Ark. 
Monteith, V. S., Hagerstown, Md. 
Moore, S. E., St. Louis, Mo. 

Persons, L. M., Chicago, Ill. 

Schenck, S. B., E. Pittsburgh, Pa. 
Shrader, W.M., Wappingers Falls, N. Y. 
Smith, W. R. (Member), Sayville, N. Y. 
Spencer, B. K., Chicago, Ill. 

Stewart, C. C. (Member), Dewey, Okla. 
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Terwilliger, L. R., Rancagua, Chile 

Tiffany, W. E., Albany, N. Y. 

van der Bijl, H. J. (Member), New 
York, N. Y. 

Walker, E. T., Washington, D. C. 

Warden, R. M., City Point, Va. 

Weiss, J., New York, N. Y. 

Work, L., Philadelphia, Pa. 

Worrall, R. H., Roselle, N. J. 

Total 31. 


—— 


STUDENTS ENROLLED AUGUST 14, 
1917 

9119 Jacobs, A. R., Univ. of Minn. 

9120 Ellis, J. L., Jr., Ga. Sch. Tech. 

9121 Crockett, T. W. D., Casino Tech. 
Night School. 

9122 Luther, B., Worcester Poly. Inst. 

9123 Payne, E. A., Colchester Tech. 
Coll. 

9124 Ellwanger, E. C., Pratt Inst. 

9125 Ellman, J. I., Drexel Institute. 

Total 7 


ADDRESSES WANTED 


Any reader knowing the present ad- 
dress of any of the following members is 
requested to communicate with the 
Secretary at 33 West 39th Street. 


Sydney J. Hurd 
(former address) 
4433 Prairie Ave., 
Chicago, Ill. 

W m. P. Lewis 
(former address) 
Cohoes Elec. Power Co. 
Cohoes, N. Y. 

Chas. E. Melvin 
(former address) 
U. S. S. Severn 
c/o Postmaster, 
New York, N. Y. 

Milan S. Mitrovitch 
(former address) 
Union Powder Co. 
Parlin, N. J. 

Harrison W. Smith 
(former address) 
Mass Inst. of Tech. 
Boston, Mass. 


234 


PERSONAL 
Mr. EpwaRr T. Moore is at present 
with the Halcomb Steel Company, 
Syracuse, N. Y. 


Mr. GEORGE E. А. FAIRLEY, principal 
engineer of the Municipal Electrical 
Commission of the City of Baltimore, 
has received a commission as Captain 
in the Engineer Corps of the U. S. 
Army. 


Mr. ]онм А. SAMUELSON, for the 
past five years chief electrician for the 
Russell Water, Light and Power Com- 
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pany, has accepted a position as super- 
intendent with the Hoxie Light and 
Power Company, at Hoxie, Kansas. 


Pror. А. M. Воск, for six years іп 
charge of electric railway courses at the 
University of Illinois, has accepted a 
position with Mr. John A. Beeler, 52 
Vanderbilt Avenue, New York. At 
present he is assisting Mr. Beeler in an 
investigation of the operations of the 
Boston Elevated Railway to determine 
if additional economies can be intro- 
duced. This investigation is being 
conducted for the Public Service Com- 
mission of Massachusetts. 


ACCESSIONS TO THE UNITED ENGINEERING SOCIETY LIBRARY 
(From July 15, to August 1, 1917) 


Unless otherwise specified, books in this list have been presented by the publish- 


ers. 


Тһе Society does not assume responsibility for any statements made. 


These 


are taken either from the preface or the text of the book. 
All the books listed. may be consulted in the Unitei Engineering Society 


Library. 


AMERICAN HYDROELECTRIC PRACTISE. 
A Compilation of Useful Data and 
Information on the Design, Construc- 
tion and Operation of Hydroelectric 
Systems from the Penstocks to Dis- 
tribution Lines. By William T. Taylor 
and Daniel H. Braymer. N. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd.; 1917. 14+ 
439 pp., 258 illus., 9x6 іп.. cloth, $5. 
Not a text-book on the fundamentals under- 
lying the design and construction of the parts of 
a hydroelectric system, but a compilation of the 
practical and essential features of design, con- 
struction and operation as used in many plants 
interpreted and arranged for use by designers, 
and engineers. Contents: General Survey of 
Water-Power Engineering;Low, Medium and High 
Head Developments; Layout and Selection of 
Plant Equipment; Transmission Line Construc- 
tion and Operation; Plant Line and Substation 
Costs; System Operation and Economics; Special 
Plant and Line Problems; Data, Reference 
Tables and System Diagrams. 
CHEMICAL DISCOVERY AND INVENTION 
IN THE TWENTIETH CENTURY. 
By Sir William A. Tilden. М. Y., 
E. P. Dutton & Co.; Lond., George 
Routledge and Sons, Ltd. (preface 


1916) 164-487 pp., 150 illus., 11 por., 
9x6 in., cloth, $3.50. 


A semi-popular account of modern chemical 
discovery covering both theory and applications. 
Contents: Chemical Laboratories and the Work 
Done in Them; Modern Discoveries and Theo- 
ries; Modern Applications of Chemistry; Modern 
Progress in Organic Chemistry. 


City PLANNING PROGRESS. 


In the United States 1917. Com- 
piled by the Committee on Town 
Planning of the American Institute of 
Architects. Edited by George B. Ford 
assisted by Ralph F. Warner. Wash- 
ington, D. C., The Journal of the 
American Institute of Architects. 8+ 
207 pp., 113 illus., 11x8 in., paper, $1.50. 


A report on what has been accomplished or is 
projected in city planning in all cities in the 
United States of over twenty-five thousand in- 
habitants, and in a few cities and towns with a 
smaller population where the work is of special 
interest. Little attention has been devoted to 
housing, as a separate book on this subject is 
being prepared. Particular stress has been laid 
on the economic and engineering aspects of city 
planning. 

The report is based on questions sent out by 
the committee, and includes only statements 
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from authentic printed reports or from those 
signed by responsible authorities in the respective 
communities. 


COMPRESSED AIR. 

Theory and Computations. By Elmo 
С. Harris. 2d ей. теу. and enl. М. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd. 1917. 15+ 
192 pp., 32 illus., 9x6 in., cloth, $2. 


Designed to present the mathematical treat- 
ment of the problems in the production and ap- 
lication of compressed air. Іп the present edition 
errors and ambiguities have been eliminated and 
new matter added. 


Export TRADE ПікеЕстокү 1917-1918. 

Compiled by B. Olney Hough. 
N. Y., American Exporter, Johnston 
Export Publishing Co. 537 pp., 1 map, 
9x6 1n., cloth, $5. 


Contents: Export Merchants in the United 
States; Manufacturers’ Export Agents, Managers 
of Export Departments and Export Brokers; 
Leading Bankers Engaged in Foreign Exchange 
Business; Foreign Exchange Brokers; Marine 
Insurance Companies in New York City; Foreign 
Freight Forwarders; Some Export Trucking Com- 
panies in New York City; Steamship Services to 
Foreign Ports; How to Ship to Foreign Markets; 
Consuls of Foreign Countries in the United 
States; United States Consular and Commercial 
Representatives in Foreign Countries; Associa- 
tions for the Promotion of Export Trade. 


FARM CONCRETE. 

By K. J. T. Ekblaw. N. Y., The 
Macmillan Co., 1917. 11--295 рр., 
77 illus., 16 pl., 8x5 in., cloth, $1.60. 


A simple, non-technical, yet reasonably com- 
prehensive account of the methods of using 
concrete for farm buildings, fences, drains, bridges 
etc. Intended primarily for those without 
experience in the use of concrete. 


Gas AND FUEL ANALYSIS FOR ENGI- 

NEERS. 

A Compend for Those Interested in 
the Economical Application of Fuel. 
Prepared especially for the Use of Stud- 
ents at the Massachusetts Institute of 
Technology By Augustus H. Gill. 8th 
ed. rev. N. Y., John Wiley & Sons, Inc.; 
Lond., Chapman & Hall, Ltd., 1917. 
145 pp., 20 illus., 7x5 іп., cloth, $1.25. 


An attempt to present in a concise yet clear 
form the methods of gas and fuel analysis in- 
volved in testing the efficiency of a boiler plant. 
The directions for using the bomb calorimeter 
have been made to agree more closely with 
present usage in this edition, and minor correc- 
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tions and additions have been made throughout 
the text. 
Gas-LIGHTING AND GAS-FITTING. 

A Pocket Book for Gas Companies, 
Gas Engineers and Gas Fitters, for 
Manufacturers of Gas Fixtures and 
Dealers in Gas Appliances, for Gas 
Consumers, Architects and Builders, 
Health Officers and Sanitary Inspectors. 
By Wm. Раш! Gerhard. 4th ed. М. 


Y., D. Van Nostrand Co., 1913. Van 
Nostrand Science Series. 190 рр., 
3 illus., 6x4 in., boards, 50 cts. (gift 
of the author and publisher. ) 
HousE- DRAINAGE AND SANITARY 
PLUMBING. 
By Wm. Paul Gerhard. 12th ed. 


N. Y., D. Van Nostrand Co., 1907. 
Van Nostrand Science Series. 231 pp., 
6 pl, 6x4 in., boards, 50 cts. (gift of 
the author and publisher.) 


INTRODUCTION TO THE RARER ELE- 

MENTS. 

By Philip E. Browning. 4th ed. rev. 
N. Y., John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd., 1917. 10--250 
pp., 6 illus., 1 pl., 9x6 in., cloth, $2. 

The first edition of the book was prepared by 
the author from material used in a short lecture 
course at Yale University, as a convenient 
handbook in the introductory study of the rarer 
elements. Numerous changes and additions 
have been made in the present edition, in order 
to bring it up to date. 


МАСКАЕ'5 BLUE Book. 

America's Greatest Buying Guide. 
Vol. 8, 1917. Chic. and New York, 
MacRae's Blue Book Co. 1344 pp. 
11x9 in., cloth, $10. 


Contents: Catalogue Section; Address Section 
Representatives’ Index; Classified Material 
Section; Comprehensive Trade Name Index; 
Miscellaneous Data Section; Standard List 
Prices of Building Materials and Iron and Steel 
Products; A Net Discount Computer. 


NAVAL ARCHITECTURE. 

By Cecil H. Peabody. 4th ed. rev. 
М. Y., John Wiley & Sons, Inc.; Lond.; 
Chapman & Hall, Ltd., 1917. 641 pp., 
218 illus., 1 diagram, 9x6 in., cloth, 
$7.50. 


Intended to give a consistent and connected 
statement of the commonly accepted theory of 
naval architecture. Intended for naval archi- 
tects and shipbuilders, as well as for students. 
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Discussions of certain devices for checking 
rolling of ships, such as Frahm’s anti-rolling 
tanks and the steadying gyroscopes of Schlick 
and Sperry, have been introduced in this edition. 


OFFICE ORGANIZATION AND MANAGE- 


MENT. 

By Carl C. Parsons. Chic., LaSalle 
Extension University, 1917. 14-313 
рр. 59 illus. 1 diagram, 8x6 in., 
leather, $2.50. 


Treats of organization, management, layout, 
. equipment, methods, systems, records, forms, 
employees, etc. Based on observation of the 
methods used in the offices of various large 
companies. 


PAINT RESEARCHES AND THEIR PRAC- 
. TICAL APPLICATION. 
By Henry A. Gardner. 
D. C., (privately printed) 1917. 
рр., 155 illus. 9x6 in., cloth, $5. 


This volume is а summary of the author's 
investigations conducted at the Institute of 
Industrial Research for the Educational Bureau 
of the Paint Manufacturers' Association of the 
United States. Contents: The Growth of the 
Prepared Paint Industry and Its Relation to the 
Work of the Painter; The White Pigment Indus- 
try; Physical Characteristics of Pigments and 
Paints; Tests of Lithopone; Washington Paint 
Oil Tests; Paint Protection for Portland- Cement 
Surfaces; Paints to Prevent Electrolysis in 
Concrete Structures; Paints for Metal; Marine 
Paints; Arlington Paint Tests; Observations on 
Painted Lumber; Impregnated Panel Tests; 
Fire Retardent Paints for Shingles and Other 
Wooden Structures; The Composition of Paint 
Vapors; The Toxic and Antiseptic Properties of 
Paints; The Light-Reflecting. Values of White 
and Colored Paints; Formation and Inhibition 
of Mildew in Paints; Fungi on Painted Surfaces; 
Changes Occurring in Oils and Paste Paints, 
Due to Autohydrolysis of the Glycerides; The 
Effect of Pigments upon the Constants of Lin- 
seed Oil; Storage Changes in Vegetable and 
Animal Oils; Paint Driers and Their Application; 
Miscellaneous Oil Investigations; The Applica- 
tion of Paints and Finishes to Wood. 


Washington, 


PHOTOGRAPHY IN COLORS. 

By George Lindsay Johnson. New 
and rev. ed. N. Y., E. P. Dutton & 
Co., 1917. 302 pp., 22 illus., 14 pl., 
8x5 in., cloth, $2. 


Intended to supply the information necessary 
for successful work, with any of the recognized 
methods of photography in colors. In this 
edition errors have been corrected, descriptions 
of the Raydex color process, of Gaumont's 
method of cinematography in colors and Car- 
raras method of reproducing autochromes on 
paper have been added, and chapters included on 
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art in color photography and on photomicro- 


 graphy in color. 


RAILWAY ESTIMATES. 

Design, Quantities and Costs. By 
F. Lavis. N. Y., McGraw-Hill Book 
Co., Inc.; Lond., Hill Publishing Co., 
Ltd., 1917. 124608 pp.. 99 illus., 
9x6 in., cloth, $5. 


A development of Chapter 8 of the author's 
“Railway Location, Surveys and Estimates," 
written to present in convenient form, data for 
the use of engineers called upon to: (1) Report 
on the value of, or estimate the probable cost of, 
proposed railways, either before or after surveys 
have been made; (2) Estimate the value of exist- 
ing lines; (3) Design the general features of a 
proposed railway or modify the design of an exist- 
ing line; (4) Determine the value cr utility of 
such features of the general design of railways 
as affect their cost or value as transportation 
machines. 

It is not intended to cover the design of details 
of structures, but rather to present sufficient 
data for the determination of both quantities 
and costs to aid, not only in the preparation of 
estimates, but also in the determination of the 
general features of design. 


RECENT PRACTISE IN THE SANITARY 
DRAINAGE OF BUILDINGS. 
With Memoranda on the Cost of 
Plumbing Work. By Wm. Paul Ger- 


hard. 2d ed. rev. and enl. N. Y., D. 
Van Nostrand Co. 1890. D. Van 
Nostrand Science Series. 175 pp. бх 


4 in., boards, 50 cts. 


SANITATION PRACTICALLY APPLIED. 

Ву Harold Bacon Wood. М. Y., 
John Wiley & Sons. Іпс.; Lond., 
Chapman & Hall, Ltd., 1917. 473 pp., 
44 illus., 8x5 in., cloth, $3. 


This book serves as a corollary to treatises on 
the theory of hygiene and to laboratory manuals. 
It is intended primarily for the health officer and 
the student of public health topics, but the 
practical directions given are useful to all. Illus- 
trations are introduced as explanatory of the text. 
Contents: The Need for Public Health. Work; 
Statistics; The Control of Communicable Di- 
sease; Child Welfare; School Hygiene; Pure 
Foods; Clean Milk; Water Supplies; Sewage 
Disposal; Hygiene of the Home and Factory; 
The Destruction of Insects which Transmit 
Disease; The Educational Movement; Equiva- 
lents in Weights and Measures. 


SHIPYARD PRACTICE AS APPLIED TO 
WARSHIP CONSTRUCTION. 
By Neil J. McDermaid. 2d ed. N. 
Y. and Lond., Longmans, Green & Co. 


1917] 


1917. 332 pp., 153 9x6 


cloth. $4. 


A course of lectures given to Cadets of Naval 
Instruction at the Royal Naval Colleze, Devon- 
port. Describes the actual operations to be 
perfornei during the construction and out- 
fitting of a warship. 


STRENGTH OF MATERIALS. 

By James E. Boyd. 2d ed. rev. and 
enl. М. Y. McGraw-Hill Book Co., 
Inc.; Lond., Hill Publishing Co., Ltd. 
1917. 16-380 pp., 254 illus., 9x6 in., 
cloth, $3. 


No radical changes have been made in the 
present edition of this book. А chapter on Curv- 
еі Beams and Hooks has been added and part of 
a chapter on Theories of Failure. The most 
important addition is the method of Area Mo- 
ments for deriving the equations of the elastic 
line of beam. Тһе book has been designed to 
be used in connection with either ‘‘Cambria 
Steel” or “Carnegie Pocket Companion”. 


illus., in., 


THE DISPOSAL OF HOUSEHOLD WASTES. 

By Wm. Paul Gerhard. 3d ed. М. Y. 
D. Van Nostrand Co., 1915 pp., 4 illus,. 
6х4 in., boards, 50 cts. l 

A Discussion of the Best Methods of 
Treatment of the Sewage of Farm- 
Houses, Isolated Country Houses, Su- 
burban Dwellings, Houses in Villages 
and Smaller Towns, and of Larger 
Institutions, such as Hospitals, Asylums, 
Hotels, Prisons, Colleges, etc., and of 
the Modes of Removal and Disposal of 
Garbage, Ashes, and other Solid House 
Refuse. 


THE MODERN Gas TRACTOR. 

By Victor W. Page. 2d ed. rev. 
and enl. N. Y., The Norman W. 
Henley Publishing Co., 1917, 32 +504 
рр.. 225 illus., 7x5 in., cloth, $2. 

Its Construction, Utility, Operation 
and Repair, A Practical Treatise 
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Covering Every Branch of Up-to-Date 
Gas Tractor Engineering, Driving and 
Maintenance in a Non-Technical Man- 
ner, Considers Fully all Types of 
Power Plants and Their Components, 
Methods of Drive and Speed Changing 
Mechanisms, Describes Design апа 
Construction of all Parts, Their Instal- 
lation and Adjustment, as well as 
Practical Application of Tractors in the 
Field. 


This treatise is intended to bridge the gap 
existing betweea the purely technical work and 
the manufacturers instruction book, dealing with 
one specific construction. 


UNITED STATES 

NITION. 

3 to 6 in. Shrapnel Shells. 3 to 6 in. 
High Explosive Shells and Their Car- 
tridge Cases. By Ethan Viall. N. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 98 pp., 
171 illus., 12x9 in., cloth, $2. 


This worx is intendei to give shop men, engi- 
neers and manufacturers an accurate knowledge 
of the sizes, tools, shop work aad gages for the 
more commonly used United States shells and 
cartridge cases. The descriptions are in minute 
detail and accompanied by numerous dimensioned 
drawings. 


ARTILLERY AMMU- 


WAR-SHIPS. 

A Text-Book on the Construction, 
Protection, Stability, Turning, Etc. of 
War Vessels. By Edward L. Attwood. 
6th ed. N. Y. and Lond., Longmans, 
Green and Co. 1917. 338 pp., 209 
illus., 6x9 in., cloth, $4. 

This book has been written in response to 
suggestions made by senior naval officers taking 
the course in Naval Architecture at the Royal 
Naval College Greenwich. An attempt has been 
made to treat the subject from the naval officers’ 


standpoint and certain parts have been treate ! 
with a view of meeting their special require ments. 
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EMPLOYMENT BULLETIN 


Vacancies 


The Institute is glad to learn of desirable vacancies from responsible 


sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 

during this period names and records will remain in the office reference Ales. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 

not later than the 20th of the month if publication in the following issue is de- 


sired. 
mailed to Institute headquarters. 


VACANCIES 

V-264. Position open for an exper- 
ienced electrical engineer, about 30 
years of age, with an established manu- 
facturing concern. Must have fair 
knowledge of physics and chemistry. 
Excellent opportunity for the right man. 
State age, experience, salary expected, 
and give references. 


V-265. Wanted: Electrical Drafts- 
men, Designers, and Engineers, on 
power station and substation layout 
work, combined with the electrical 
equipment of industrial plants, by 
organization doing work for U. 5. 
Government. Exceptional opportuni- 
ties for advancement. Salaries depend- 
ent on experience and ability of appli- 
cants. 


V-266. Wanted: Recent technical 
graduate for general electrical engineer- 
ing work with light and power company 
in New York City. 


V-267. Capable and practical young 
electrical engineer to take charge of 
electrical equipment of shipbuilding 
organization. Give full particulars of 
past experience. Salary about $150 
month to start. 


V-268. The Georgia School of Tech- 
nology has openings for an Associate 
Professor, and an Assistant Professor in 
Electrical Engineering. Good oppor- 
tunities for advancement to right men. 
Give full information and references 
relating to character, habits, education 
and teaching experience. 


V-270. Exceptional opportunities to 
mechanical engineers interested in mod- 
ern power station work with rapidly 
growing company. Apply in person or 
by letter to Mr. J. M. Graves, Supt. 
Power Stations, Duquesne Light Co., 
Pittsburgh, Pa., giving your training 
experience, and class of work desired, 
whether operating, efficiency work, or 
designing. 


All replies should be addressed to the number indicated in each case, and 


V-271. Wanted: Capable and thor- 
oughly experienced electrical engineer 
in both a-c. and d-c. design. One with 
plenty of mechanical knowledge that 
has been practically tested. One quali- 
fied to take charge of engineering de- 
partment of concern located in Middle 
West. Answer stating age, past experi- 
ence, salary and when open for position. 


V-272. Тһе Western Electric Com- 
pany has opportunities for physicists, 
chemists, engineers and designers and 
draftsmen for work of research, develop- 
ment and design related to problems 
of telephonic, telegraphic and radio 
communication which are matters of 
public importance. Both temporary 
and permanent positions are open. 
Apply by letter, not in person unless so 
specifically requested, to F. B. Jewett, 
Chief Engineer, 463 West St., New 
York, N. Y. 


MEN AVAILABLE 


805. Experienced electrician, recent 
technical graduate, desires opening with 
reliable concern with chance for ad- 
vancement. Eight years’ experience on 
a-c. and d-c. power work. 


806. Electrical Engineer, technical 
graduate, age 34, married. Ten years’ 
experience with large hydroelectric 
companies in supervision, design, con- 
struction, operation and maintenance 
of power plants, substations, transmis- 
sion lines and distributing systems. 
Also experienced in drafting, surveying, 
appraisal, etc. At present employed on 
construction. 


807. Relay and meter man, eight 
years’ practice. Capable of calculating 
short-circuit values and relay settings; 
familiar with oscillograph work and 
various kinds of power house and sub- 
station testings. Capable to repair and 
test all kinds of indicating, integrating 
and graphic meters. No traveling. 


1917] 


Married. 
tion. 


808. Sales Engineer desires position 
with large manufacturer as Eastern 
representative. Graduate of technical 
school, eight years' experience in the 
electrical 1ndustry. Would be willing 
to handle manufacturer's products on 
commission basis. 


. 809. Graduate in electrical engineer- 
ing, with several years’ experience in 
central station work. Power, substa- 
tion and switchboard designs, inspec- 
tion, estimating, ordering of apparatus, 
supervision of work, etc. | Wishes 
responsible position. At present en- 
gaged with electric light and power 
company. 

810. Technical graduate with four 
years experience in operation and 
maintenance of substations, steam and 
hydro plants; also A. H. I. business 
course, desires position where initiative 
and ability wil bring promotion to 
responsible position. Age 24; single. 

811. 
in charge of engineering department of 
large Eastern power company; with 
eight years' experience in design of high 
and low tension overhead and under- 
ground lines, generating and substa- 
tions; wishes executive position in a 
public utility or similar enterprise. 
Married. | 


812. Electrical Engineer, 1904 grad- 
uate, now teaching in a New York City 
college, has time available for outside 
research or consulting work. Would 
like to associate himself with an elec- 
trical engineer. Initial pay no object. 
Experience includes shop work, railroad 
signal installation, general electrical 
contracting and teaching of electrical 
engineering. 

‚813. Electrical and Industrial En- 
gineer, of ten years’ construction, 
operating and designing experience on 
hydro-electric and steam generating 
plants, high and low tension transmis- 
sion systems and substations, standard 
and special equipment for metal and 
electrochemical industries, is available 
Shortly as designing engineer or for other 
responsible position. 


814. Distribution Engineer, Ameri- 
can, Mem. A. I. E. E. Ten years’ ex- 
perience in design, construction and 
maintenance of aerial and underground 
distribution systems. Thoroughly fa- 
miliar with modern methods as applied 
to distribution problems; can handle 
work to advantage and familiar with all 
necessary records and plans required 
in this class of work. 


Age 30. Technical. educa- 
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815. University of Michigan gradu- 
ate, 1913, wishes position in the en- 
gineering department or as district 
superintendent for a central station 
company, or with an electrical consult- 
ing engineering firm. Experience— 
four years of varied central station 
work and two years developing an 
electrical specialty. Age 26, married. 
Salary $150. . 


816. Engineer-Executive, desires 
position with industrial or public utility 
company. Age 35, American, married. 
Technical graduate, fifteen years’ ex- 
perience in engineering, operating and 
executive positions. Splendid record. 
Can handle men and produce results. 
Available at once. 


817. Position as electrical engineer 
or assistant with established firm of 
consulting engineers, or would become 
member of new firm. Nine years’ broad 
experience in testing, research work, 
designing and construction of power 
houses and substations, operation of 
high tension systems, rate making and 
business training. Age 31. Detroit 
vicinity preferred. 


818. Development Engineer, par- 
ticularly experienced in devising me- 
chanical-electrical apparatus, standard- 
izing and production, supervision of 
intricate machinery. Salary $2500. 


819. Mechanical and Electrical En- 
gineer, technical graduate, having six 
years’ experience in shop, test, produc- 
tion, and now sales work with two large 
electrical manufacturers, wishes execu- 
tive sales position with smaller firm 
promising large future and quicker 
advancement. Present salary $2600. 
At end of draft list. Married, 27, tact- 
ful, energetic and resourceful. 


820. Superintendent of power for 
steam electric and compressor plant. 
Age 31, married, technical graduate. 
Seven years’ experience in design, con- 
struction and operation of steam power 
plants and electric transmission lines. 
At present superintendent of 10,000 
h.p. power plant for mining company 
in the Southwest. 


821. Manager: technical and prac- 
tical. Six years’ experience as electrical 
engineer, commercial manager and 
executive with electric light, power and 
railway company. Experience covers 
design, construction and operation of 
distribution and transmission systems, 
intensive new business campaigns, com- 
mercial engineering, reorganization of 
utilities, valuation and rate hearings. 
Age 28, married. East preferred. 
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OFFICERS AND BOARD OF DIRECTORS, 1917-1918. 


PRESIDENT. 
(Term expires July 31, 1918) 
E. W. RICE, J«. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1918) 
JOHN J. CARTY 


(Term expires July 31, 1919) 
H. W. BUCK 


VICE-PRESIDENTS. 
(Term expires July 31, 1918) 


B. A. BEHREND 
P. JUNKERSFELD 
L. T. ROBINSON 


FREDERICK BEDELL 
A. S. McALLISTER 
JOHN H. FINNEY 


MANAGERS. 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 
E. H. MARTINDALE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY 
RALPH W. POPE 


(Term expires July 31, 1918) 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


(Term expires July 31, 1921) 
WALTER A. HALL 
WILLIAM A. DEL MAR 
WILFRED SYKES 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN 
HARRISON W. CRAVER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.—1884-1917. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1892-4-5. 
*LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
*HENRY G. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 
C. O. MAILLOU X, 1913-14. 
PAUL M. LINCOLN, 1911-15. 
JOHN J. CARTY, 1916-16. 


Н. W. ВОСК 1916-17. 


*Deceased. 
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INSTITUTE COMMITTEES. 


Revised to September 1, 1917. 


GENERAL STAN DING COMMITTEES. 


EXECUTIVE COMMITTEE. 
E. W. Rice, Jr., Chairman, 


General Electric Company, Schenectady, N. Y. 


x М Buck, Harold Pender, 
А. Carle, L. T. Robinson, 


оо А. Hamilton, | C. E. Skinner. 


FINANCE COMMITTEE. 
М. А. Carle, Chairman, 
Public Service Electric Company, 


Walter А. Hall, Charles Robbins. 


MEETINGS AND PAPERS COMMITTEE 
Г. T. Robinson, Chairman, _ 

General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, 

Westinghouse E. and M. Company, Pittsburgh, 
B. A. Behrend, Harris J. Ryan, 
: W. I. Slichter, 
and the chairmen of the technical committees 


EDITING COMMITTEE. 


W. I. Slichter, Chairman, 

Columbia University, New York. 
M. G. Lloyd, L. T. Robinson, 
Henry H. Norris, C. E. Skinner. 


CODE COMMITTEE. 


Farley Osgood, Chairman, 
80 Park Place, меха М. J. 


J. C. Forsyth, R. Sargent, 
. B. Gear, G. A. Sawin, 
A. H. Griswold, A. M. Schoen, 
H. O. Lacount, George F. Sever, 
pongo Livingston, C. E. Skinner, 
enry N. Muller, H. S. Warren. 


BOARD OF EXAMINERS. 


А. S. McAllister, Chairman, 

261 West 23rd St., New York. 
William McClellan, F. L. Rhodes, 
Henry H. Norris, W. I. Slichter. 


SECTIONS COMMITTEE. 


Walter A. Hall, Chairman, 
p e Electric Company, West Lynn, Mass. 
Daggett, Vice-Chairman 
pus B. Fisken, H. W. Flashman, 
A. M. Schoen, 
and the chairman of all Institute Sections, 
ex-officio. 


COMMITTEE ON STUDENT BRANCHES. 


Sub-Committee of Sections Committee.) 
P. H. Daggett, Chairman, 
University of North Carolina, Chapel Hill, 


Alexander M. Gray, A. C. Lanier, 
C. Francis Harding, Charles F. Scott. 
MEMBERSHIP COMMITTEE. 
H. A, Pratt, Chairman, 
W. E. and M. Company, 165 Broadway, N. Y. 
PUBLIC POLICY COMMITTEE. 
Calvert кат Chairman, 


W. E. and M. Com рап 
165 Broadway, w York. 
H. W. Buck, P. Junkersfeld, 
М. А. Carle, Join W. Lieb, 
John J. Carty. , W. Rice, Jr., 
C. E. Skinner. 


HEADQUARTERS COMMITTEE. 
N. A. Carle, Chairman, 
Public Service Electric Company, Newark, 


Á. S. McAllister, F. L. Hutchinson. 


Newark, 


STANDARDS COMMITTEE. 
C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary, 
University of Pennsylvania, рыбер; Ра. 


Р. С. Agnew, rsuch 
Frederick Bedell, Е. рр Hanker, 
Joseph Bijur, H. M. Hobart, 

. F. Blume, P. e Г 
James Burke, A. E. Kennelly, 
G. A. Burnham, G. TL. Knight, 

N. A. Carle, Е. А. Laws, 

P. H. Chase, А. S. McAllister, 
E. J. Cheney, W. L. Merrill, 
H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 
William A. Del Mar, C. E. Skinner, 
A. M. Dudley, N. W. Storer, 

E. J. Edwards, Iun B. Taylor, 
H. W. Fisher, B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
20 Nassau St., New York. 
F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, 
Harvard University, CR Mass. 
^ A. Adams, . S. McAllister, 


A. Behrend, M. I. Pupin, 
james Burke, E. B. Rosa, 
ohn J. Carty, David B. Rushmore, 
Gano Dunn, Charles F. Scott, 
H. M. Hobart, Clavton H. Sharp, 
John W. Lieb, C. E. Skinner, 


Elihu Thomson. 


COMMITTEE ON CODE OF PRINCIPLES OF 
PROFESSIONAL CONDUCT. 
George Ji Sever, Chairman, 
13 Park Row, New York. 
А. H. Babcock, А. S. McAllister, 
Gano Dunn, Schuyler Skaats Wheeler 


EDISON MEDAL COMMITTEE. 
A pointed by the President for terms of five years. 


Term expires July 31, 1918. 
H. W. Buck, . À. Scheffler, 
Ji Franklin Stevens. 

Term expires July 31, 1919. 
Charles F. Brush, Chairman, 
481 The Arcade, Cleveland, Ohio. 


N. W. Storer, C. C. Chesney. 
Term expires July 31, 1920. 
Carl Hering, Harris J. yan, 


Robert Lindsay. 


Term expires July 31, 1921. 
W. C. L. Eglin, Bancroft Gherardi, 
E. W. Rice, Jr. 


Term expires Ju aA 31, 1922. 
C. A. Adams, A. Ferguson, 
S. W. шаг 


Elected by the Board of Directors from 415 own 
membership for terms of two years. 


Term expires July 31, 1918. 
L. T. Robinson, Harold Pender, 
C. E. Skinner. 
Term expires July 31, 1919. 
B. A. Behrend, John J. Carty, 
А. S. McAllister. 


Ex-Of' icio. 
E. W. Rice, Jr., President, 
George À. Hamilton, "Treasurer, 


F. L. Hutchinson, Secretary. 
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TECHNICAL COMMITTEES. 
Revised to Leptember 1, 1917. 


POWER STATIONS. 


Philip Torchio, Chairman, 
М. Y. Edison Company, 124 E. 15th St., 


New York. 
L. P. Crecelius, H. S. Putnam, 
W. S. Gorsuch, F. A. Scheffler, 
P. M. Lincoln, R. F. Schuchardt, 
S. A. Moss, H. L. Wallau, 
I. E. Moultrop, W. F. Wells, 
B. F. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 
Ni шин Falls Power 52. Niagara Falls, 

A. гү Austin, M. Lincoln, 

J. A. Brundige, Р. C. Nicholson, 

H. W. Buck, W. D. Peaslee, 

Wallace S. Clark, D. W. Roper, 

E. E. F Creighton, Harris yan, 

H. W. Fisher, P. H. Thomas. 


TRACTION AND TRANSPORTATION. 
N. W. Storer, Chairman, 


Westinghouse E. & M. Co., East Pittsburgh, Pa. 
Harry H. Adams, William А. Del Mar, 
А. H. Armstrong, . V. B. Duer, 

А. H. Babcock, ohn Murphy, 
Reinier Beeuwkes, Charles F. Scott, 
H. Blood, Jr., H. M. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Company, Cleveland, O. 


H. W. Cope, Charles D. Knight, 
James Dixon, A. M. MacCutcheon, 
А. M. Dudley, | А. С. Pierce, | 

R. H. Goodwillie, 1m M. Smith, 

А. L. Hadley, eichse 

C. A. Kelsey, Wiard, 


. B. Willi amson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 


G. N. Chamberlin, R. C. Powell, 
C. E. Clewell, E. B. Rosa, 
. R. Cravath, W. D'A. Ryan, 
assett Jones, Clayton H. Sharp, 
T. S. Perkins, W. M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE 
[Not yet appointed.) 


PROTECTIVE DEVICES. 


D. W. Roper, Chairman, 
Commonwealth Edison Company, 72 W. 
Adams St., Chicago, Ill. 


E. E. F. Creighton, P. M. Lincoln, 

Leslie N. Crichton, A. À. Meyer, 

James C. Dow, N. L. Pollard, 

L. L. Elden, F. E. Ricketts, 

E. M. Hewlett, Philip Torchio, 
H. R. Woodrow. 

ELECTROCHEMISTRY AND ELECTRO- 

METALLURGY. 


А. J. Fitzgerald, Chairman, 
Шон Laboratories, Niagara Falls, N. Y. 


Lawrence Addicks, Lidbury, 
ор L. Dixon, T. H. Schoepf, 
. R. Edmands, . А. Seede, 


Carl Hering, illis R. Whitney. 


ELECTROPHYSICS. 
[Not yet appointed.] 


TELEGRAPHY AND TELEPHONY. 


L. F. Morehouse, Chairman, 

А. RUE gene T. Company, 195 Broadway, New 
or 

F. W. Alexanderson, William Maver, 

E. Chetwood, Kempster B. Miller, 

B. Craft, John Stone Stone, 
M. Davis, : John B. Taylor, 

H. ' J. L. Wayne. 


MARINE. 


A. Hornor, Chairman, 

Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa. 

D. M. Mahood, Secretary, 

Sperry Gyroscope Compa 
Manhattan Bridge Plaza, Brooklyn, N. Y. 


E. 
R. 
E. 
M. 
А. Griswold, 


m 


R. B. Chillas, Jr., o EL 

M. W. Day, Dore 

L. А. Doggett, G. A. Pierce, Jr., 
G. E. Edgar, H. M. Southgate, 
W. L. R. Emmet, E. А. Sperry, 

W. R. Furlong, Wilfred Sykes, 
H. L. Hibbard, F. W. Wood. 


USE OF ELECTRICITY IN MINES. 


H. H. Clark, Chairman, 
Bureau of Mines, 40th and Butler Sts., Pitts- 


Pa. 
Frank vE” Armstrong, R. L. Kingsland, 
Graham Bright, A. B. Kiser, 
W.A A. Chandler, Charles Legrand, 
F. J. Duffy, Charles M. Means, 
L. C. Ilsley, K. A. Pauly, 
H. M. Warren, 


ELECTRICAL MACHINERY. 


Alexander M. Gray, Chairman, 
Cornell University, Ithaca, N. Y. 
В.А. Behrend, H. F. T. Erben, 
А. M. Dudley К. B. Williamson, >- 
James Burke. 


INSTRUMENTS AND MEASUREMENTS. 
S. G. Rhodes, Chairman, 


104 East 32nd St., New York. 
P. G. Agnew, F. V. Magalhaes, 
F. P. Cox, T. S. Perkins, 


Clayton H. Sharp. 


IRON AND STEEL INDUSIRY. 


F. D. Egan, Chairman, 
Pittsburgh Crucible Steel Co., 
Midland, Pa 


EDUCATIONAL. 
[Not yet appointed.] 


1917] 


INSTITUTE AFFAIRS 


243 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 

JOHN FRITZ MEDAL. 
C. O. Mailloux, ohn J. Carty. 
Paul M. Lincoln, E wl Buck. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Gano Dunn, Samuel Sheldon, 
Calvert Townley. 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


W. I. Slichter, Edward D. Adams, 
Harold Pender, Samuel Sheldon, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF МА- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ОМ COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


W. S. Franklin, G. W. Pierce. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


C. O. Mailloux, 


A. E. Kennelly, à 
Clayton H. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 


F. B. Jewett. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
William McClellan, 


Charles W. Stone, 
alvert Townley. 


Cano Dunn, 
John H. Finney 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND 
LINE CONSTRUCTION. 


F. B. H. Paine, 
Percy H. Thomas. 


Farley Osgood, 


AMERICAN COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
Paul Winsor. 


ON ENGINEERING COUNCIL. 


H. W. Buck, N. A. Carle, 
E. W. Rice, Jr., P. Junkersfeld, 
C. E. Skinner. 


ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL. 


F. B. Jewett, Clayton H. Sharp. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 


Benjamin С. Lamme, | Frank J. Sprague. 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, N. A. Carle, 
P. Junkersfeld. 


COMMITTEE ON GENERAL ENGINEERING, 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE. 

H. W. Buck, C. А. Adams. 


COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, Charles F. Scott. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10 Via S. Radegonda, Milan, 
Italy. 
Robert Julian Scott, Christchurch, New Zealand 


Т. P. Strickland, М. S. W. Government Railway 


Sydney, N. S. 
W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 
L. A. Herdt, McGill Univ., Montreal, Que. 
Henry Graftio, Petrograd, Russia. 


A. S. Garfield, 45 Boulevard Beausejour Paris, 
16 E. France. 

Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 


John W. Kirkland, Johannesburg, South Africa. 
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LIST OF SECTIONS 


Revised to September, 1917. 


Name and when Organized Chairman Secretary 

Atlanta................ jan. 19, '04 | À. M. Schoen Thomas C. Taliaferro, S. E. Underwriters 
Ass'n., Atlanta, Ga. | 

Baltimore............. Dec. 16, '04 . B. Whitehead L.M.Potts,Industrial Bldg., Baltimore, Md. 

Boston................ Feb. 13, '03 M. Hope . Ira M. Cushing,84 State St., Boston, Mass. 

Сһїсагво...................... 1893 | Wm. J. Crumpton| C.A.Keller, Edison Building, Chicago, ПІ. 

Cleveland............. Sept. 27, 07 | C. M. Rakestraw | С. S. Ripley, 711 Williamson Building, 
Cleveland, Ohio. 

Denver............... May 18, '15 | Norman Read Robert В. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 

Detroit-Ann Arbor......Jan. 13, '11 | Н.Н. Higbie H. J. Wyckoff, Detroit Edison Company, 
Detroit, Mich. 

Fort Wayne........... Aug. 14, '08 | J. J. Kline R. B. Roberts, G. E. Co., Port Wayne,Ind. 


Indianapolis-Lafayette..Jan. 12, '12 | J. L. Wayne, 3rd | C. A. Cora, care Central Unoin Tel. Co., 
Indianapolis, Ind 


ҢҺһаса................ Oct. 15,'02 | Р. Bedell V. Karapetoff рее Secretary), Cornell 
Univ., Ithaca, N 

Kansas City, Мо....... Apr. 14, '16 | W. F- Barnes W. Е. Barnes, Kansas City, Mo. 

Los Angeles........... May 19, '08 | R. H. Manahan Carl E. Johnson, 459 East Third Street, 
Los Angeles, Cal. 

Lynn. oos RR кы Aug. 22,711 | J. M. Davis R. D. Thomson, General Electric Com- 
pany, West Lynn, Mass. 

Madison.............. Jan. 8, '09 | J. R. Price L. E. A. Kelso, University of Wisconsin, 

Mexico............:..Dec. 13, "07 Madison, Wis. | 

Milwaukee.............Feb. 11, '10 | Arthur Simon Soren H. Mortensen, Allis-Chalmers Mfg. 
Co., West Allis, Wis 

Minnesota............. Apr. 7,'02 | F. W. Springer A. B. 'King, Electric Machinery Company, 
Minneapolis, Minn. 

Panama............... Oct. 10, '13 | С. J. Embree W. F. Kleene, Ancon, C. Z. 

Philadelphia es terc ate Feb. 18, '03 | Nathan Hayward | H. Mouradian, Bell Telephone Co. of 
Penna., ре Ра. 

Pittsburgh.............Oct. 13, '02 | Е. Е. Wynne С. М. Baker, С. E. Со.. ОНует Building, 

` Pittsburgh, Pa. 

Pittsfield.............. Mar. 25, '04 | F. F. Brand E. H. Branson, General Electric Company, 
Pittsfield, Mass. 

Portland, Оге..........Мау 18, '09 | J. C. Martin E. D. Searing, 1185 Kerby Street, Port- 
land, Oregon. 

Rochester............. Oct. 9,'14 | Frank C. Taylor | J. W. Morrison, Rochester Telephone Co., 
Rochester, N. 

St. Louis.............. Jan. 14, '03 | A. McR.Harrelson| Н. L. Hope, Southwestern Bell Telephone 
System, St. Louis, Mo. 

San Francisco.......... Dec. 23, 04 | J. E. Woodbridge | А. С. Jones, 811 Rialto Building, San 
Francisco, Cal. 

Schenectady........,.. Jan. 26, "03 | W. L. Upson L. F. Millham, General Electric Company, 
Schenectady, N. У. 

Seattle................ Jan. 19, '04 | C. E. Magnusson | C. Е. Terrell, Puget Sound Trac. Lt. and 

| Power Co., Seattle, Wash. 

Spokane.............. Feb. 14, '13 | Charles A. Lund | Foster Russell, Washington Water Power 
Company, Spokane, Wash. 

Toledo................ June 3,'07 | W. E. Richards Max euber, 1257 Fernwood Ave., 
Toiedo, Ohio. 

Toronto............... Sept. 30, 03 | William G.Gordon| Ernest V. Pannell, 60 Front Street, West, 
Toronto, Ont. 

Utah Section........... Mar. 9,'17 | A. S. Peters Ы; T. Plumb. 

Urbana............... Nov. 25, '02 | L. V. James . В. Knight, Univ of Illinois, Urbana,Ill, 

Vancouver............. Aug. 22, '11 | В. Е. Hayward т: Н. Crosby, Canadian Westinghouse Co. 


: Vancouver, B. C 
Washington, D. C.......Apr. 9, '03 | Paul С. Agnew J. Ernest Smith, McKinley Manual Train- 
ing School, Washington, D. C. 


Serb LIST OF BRANCHES 


Name and when Organized Chairman Secretary 
Agricultural and Mech. А 
College of Texas...... Nov. 12, '09 | M.M.Bridgewater| L. E. Tighe, College Station, Tex. 

Alabama Poly. Inst...... Nov. 10, '16 | W. W. НШ L. I. Davis, Auburn, Ala. 

Alabama, Univ. оЁ...... Dec. 11, '14 | Gustav Wittig A. F. Frazer, University, Ala. 

Arkansas, Univ. of...... Mar. 25, '04 | W. L. Teague J. С. Douthit, University of Arkansas, 
Fayetteville, "Ark. 

Armour Institute,...... Feb. 26, '04 | E. A. Moore, Jr. А. А. Hofgren: 7542 South Chicago Ave- 
nue, icago, Ill. 

Brooklyn Poly. Inst...... Jan. 14, '16 | Paul G. Wehle Robert Davie. The Polytechnic Insti- 


tute, Brooklyn, N. 
Bucknell University..... May 17, '10 | A. W. Hatfield C. C. Gillette, Phi Gamma Delta House, 
: Bucknell University, Lewisburg, Pa. 
California, Univ. of ..... Feb. 9,'12 | Bradley B. Brown| H. F. Fielder, University of California, 
: Berkeley, Cal. 
Carnegie Inst. of Tech... May 18,715 | E. С. Peterson B. C. Dennison, Carnegie School of Tech- 
A Pittsburgh, Pa. 


Cincinnati, Univ. of..... Apr. 10, 08 | R..L. Utley H. McCormick, 3110 Woodburn Ave. 3 
: бүл. Ohio 
Clarkson Col. of Tech....Dec. 10, '15 | H. H. Plank Philip К. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 
Clemson AgriculturalCol.Nov. 8, '12 | О.Н. Banks W. H. Neil, Clemson College, S. C. 
Colorado State Agricul- 
tural College.. .Feb. 11, '10 | H. W. McKinley | E; G.'Stiers, Colorado~State Agricultural 


College, Fort Collins, Colo. 
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Name and when Organized 


Colorado, Univ. of.. 


. Dec. 
Georgia School of Tech- 
nology.............. June 
Highland Park College .Oct. 
Idaho, Univ of.. ed une 
Iowa State College .. .. Apr. 
Iowa, Univ. of......... May 
Kansas State Agr. Col... Jan. 
Kansas Univ. of........ Mar. 
Kentucky, State Univ. of Oct. 
Lafayette College.......Apr. 
Lehigh University ...... Oct. 
Lewis Institute. . . Nov 
Maine Univ.of.. . Dec 
Massachusetts Inst. of 
ech.. . . Apr. 
Michigan, Univ. оё... Mar 
Minnesota, Univ. of..... May 
Missouri Univ. of...... Jan. 
Montana State Col...... May 
Nebraska, Univ. of... .. Apr. 
North Carolina Col. of 
Agr. and Mech. Arts. . Feb. 
North Carolina, Univ. of.Oct. 
North Dakota, Univ. оѓ. .Feb. 
Norwich University ..... June 
Ohio Northern Univ.. .. Feb. 
Ohio State University... Dec. 
Oklahoma Agricultural and 
Mech. Col........... Oct. 
Oklahoma, Univ. of.....Oct 
Oregon Agr. Col........ Mar 
Penn. State College... . Dec. 
Pittsburgh, Univ. of... . Feb. 
Purdue University...... Jan. 
Rensselaer Poly. Inst.... Nov. 
Rose Polytechnic Inst.... Nov. 
Rhode Island State Col.. Mar. 
Stanford Univ...... 2... Dec. 
Syracuse Univ..........Feb. 
Texas, Univ. of........ Feb. 
Throop ко of Tech- 
m RAMS ct. 
Virginia Polytechnic In- 
itute.............. Jan. 
Virginia, Univ. of.. . . Feb. 
Wash., State Col. of... Рес, 
Washington Univ........Feb. 
Washington, Univ. of. ..Dec. 
West Virginia Univ..... . Nov. 
Worcester Poly. Inst... Mar. 
Yale University........ Oct. 


Tota! 59 


16, 
25, 


2 


Chairman 
Robert Newman 
R. E. Robinson 

E. E. Gould 
Pa 
L. N. Miller 
R. W. Davis 
А. W. Davies 
Harry C. Hartung 
R. H. Lindsay 
Rowland Manley 
Fred P. Jones 
W. R. Harvey 
George W. Miller 
А. C. Lanier 
Roy C. Hagen 
Olin J. Ferguson 
John R. Hauser 
А. C. Forney 


D. F. McConnell 
Edward B. Dawson 


R. H. Bennett 
E. S. Gunn 

G. E. Davis 
A. W. Watter 
J. A. Hooper 


J. B. Kelly. 
E. R. Roth 


C. F. Harding 
W. J. Williams 
H. E. Smock 

A. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
john D. Hindle 


W. S. Rodman 
S. Stites 


Charles A. Lieber 
L. P. Kongsted 
О. P. Jolifte 

B. Luther 

A. W. Cahoon 


oecretary 


William N. Gittings, University of Colo- 


rado, Boulder, Colo. 
John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 
Adolph Shane, Highland Park College, 
Des Moines, Iowa. 
L.J.Corbett, Univ.of Idaho, Moscow,Idaho. 
Е.А. Robbins, Iowa St.Col., Ames, Iowa. 
A. H. Ford, University of Iowa, Iowa City, 


оуға. 

M. H. Russell, Kansas State Agri. Col., 
Manhattan, Kansas. 

Clark Davis, University of Kansas, Law- 
rence, Kansas. 

С. D. Aaron,State University of Kentucky, 
Lexington, Ky. 

Malam Lash Lip 633 Parsons, Easton, 


R. D. Bean, Lehigh University, South 
Bethlehem, Pa. 

S. P. McDaniels, Lewis Institute, Chicago. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 


T. W. Connant, University of Michigan, 
Ann Arbor, Mic 
Ray McKibben, University of Minnesota, 


Minneapolis, ‘Minn. 

D. P. Savant, University of Missouri, 
Columbia, Mo. 

J. A. Thaler, Montana State College, 
Bozeman, Mont. 

F. C. Holtz, University of Nebraska, 


Lincoln, Nebraska 

Landon C. Flournoy, N. C. Coll. of A. and 
M. Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 
Chapel Hill, N. C. 

Roy A. Wehe. University ,N. D. 

лаг. Beach, Norwich University, North- 
e 

W. W. Wickerham, 125 S. Gilbert Street, 
Ada, Ohio. 

T. D. Robb, 124 West 10th Ave., Colum- 
bus, Ohio. 

W. C. Lane, Oklahoma А. and M. College, 
Stillwater, Okla. 

C. H. Whitwell, University of Oklahoma, 
Norman, Okla. 

L. Happold, Oregon Agri. College, Cor- 
vallis, Ore. 

W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

А. N. Topping, Purdue Univ., Lafayette, 
Indiana. 
. В. Townsend, Jr., Rensselaer Poly- 
technic Institute, Troy, N. Y. 

Sam P. Stone, 1012 North 8th Street, 
Terra Haute, Ind. 

Carl А. Burdick, Rhode Island State Col- 
lege, Kingston, R. I. 

A. L. Morgan, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
yw. N. 

J. A. Correll, "Univ. of Texas, Austin, Tex. 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal 

E. S. Smithson, Virginia Polytechnic 
Institute, Blacksburg, Va. 

J. K. Peebles, University, Va. 

E. Tollefson, State Coll. of Wash., Pull- 
man, Wash. 

R. W. Mac Donald, Washington Univer- 
sity, St. Louis, Mo. 

L. M. Lubcke, University of Washington, 
Seattle, Wash. 
. В Cronin, 52 и Driveway 
Morgantown, 

N. L. Towle, Worcester Polytechnic In- 
stitute, Worcester, Mass. 

J. P. Allen, Sheffield Scientific School‘ 
New Haven, Conn. 
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INSTITUTE MEETING, PHILADEL- 


PHIA, OCTOBER 8, 1917 


The 333rd meeting of the American 
Institute of Electrical Engineers will be 
held in Philadelphia, Pa., October 8, 
1917, under the auspices of the Phila- 
delphia Section. 

The Institute headquarters during 
the meeting will be at the Clover Room 
of the Bellevue-Stratford Hotel, Broad 
and Walnut Streets, and the registra- 
tion office at the Clover Room will be 
open at 1:00 p. m. Members and 
guests are requested to register prompt- 
ly on their arrival at the hotel. 

The general subject of the meeting 
will be Industrial Research and three 
papers will be presented by Dr. F. B. 
Jewett, Mr. C. E. Skinner, and Dr. 
А. E. Kennelly. There wil be an 
afternoon and evening session with an 
informal dinner between the sessions. 
The regular monthly meeting of the 
Board of Directors will be held at 11 
o'clock a. m., and several committee 
meetings, wil also be held during the 
day. The program 1$ as follows: 


Afternoon Session 
Clover Room 


1:00 Р. М. 
Registration office opens 


2:00 Р. M. 
l. Industrial Research, by F. B. Jewett. 


2. Industrial Research and its Relation 
to University and Governmental 
Research, by C. E. Skinner. 


OCTOBER, 1917 


Number 10. 


6:00 Р. м. 


Stratford Room 
Informal Dinner, $2.00 per cover. 


Evening Session 
8:00 P. м. ` 


3. Industrial Research and the Colleges, 
by A. E. Kennelly. 


THE ENGINEERING COUNCIL 


The formation of an Engineering 
Council is the outgrowth of a real need 
for proper consideration of questions of 
general interest to engineers and to the 
public, and to provide the means for 
united action upon questions of com- 
mon concern. Many such questions 
have come up in the past and will arise 
in greater number in the future. This 
war has brought out very impressively 
the actual need for united action of 
some kind. At present the Council is 
concerned only with four societies be- 
cause that seemed the most practical 
way of getting a group of men together 
to answer the immediate needs, but 
these societies do not assume to speak 
for all engineering societies in the 
country. Criticism that they are 
exclusive in any way is utterly mis- 
taken. ‘There is the hope that such а 
Council by proving itself effectively 
may lead to much wider cooperation in 
a strictly representative body for all 
engineers, and thus pave the way for a 
very much larger union in the future. 

How can the Council be enlarged? 
By a union of all societies either as the 
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outgrowth of the present Council or by 
a congress of engineers leading to 
united action by all societies. Тһе 
first method will be the most natural 
one because many local societies and 
national societies also have a large 


membership in the four societies at. 


present concerned. We have three 
classes of engineers to reach: first, 
` those who are members of local so- 
. cieties and not members of national 
societies; second, those who are mem- 
bers of national societies and not 
members of local societies; and third, 
those who are members of no society. 
The last named class constitutes a very 
large number in our profession. We 
are almost as mixed as American 
citizenship and we suffer therefrom just 
as much as America with a population 
representing every race and every 
people in Europe. There can be no 
question of the enormous advantage 
of union. That union should be com- 
pleted by strengthening the existing 
agencies and not by the formation of 
new societies. The national societies are 
thoroughly national notwithstanding an 
occasional complaint that they are run 
by New York. If they have not been 
able to express the democratic spirit of 
our country as fully as might be desired 
it is the fault of the members in all the 
states and not of the city in which the 
principal offices are located. 

The four societies concerned at 
present are the American Society of 
Civil Engineers, the American Institute 
of Mining Engineers, the American 
Society of Mechanical Engineers and 
the American Institute of Electrical 
Engineers. They have come together 
in pairs from time to time in the past 
for special purposes and there have been 
general conferences on subjects requir- 
ing immediate settlement, but until the 
Council was definitely organized in 
June there was no permanent body to 
advise all the societies. We have had 
many fruitful discussions in the past 
leading to useful action. The Standard- 
ization Committee which has been 
organized to represent five societies has 
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passed upon commercial standards of 
all kinds. This Committee has great 
possibilities and it should be enlarged 
enough so that its influence may become 
very widespread. 

Many problems have already been 
presented before the Council. Its per- 
sonnel made up of twenty-four men 
representing equally the four societies 
is well balanced and judicial. Тһе first 
duty was necessarily the organization 
and appointment of standing com- 
mittees which have already been re- 
ported in the press. They might with 
advantage be mentioned here: 

1. Committee on Public Affairs, 
comprising of Messrs. C. W. Baker, 
G. F. Swain, S. J. Jennings, and E. W. 
Rice. | 

2. Committee on Rules, comprising 
of Messrs. J. P. Channing, Clemens 
Hershel, М. А. Carle, and D. S. Jacobus. 

3. Committee on Finance, comprising 
of Messrs. B. B. Thayer, I. E. Moultrop. 
Calvert Тоупеу, · апа Alex. C. Hum- 
phreys. 

Certain questions relate, however, to 
the war and the assistance that engi- 
neers can render. А committee to be 
called the American Engineering Service 
Committee was appointed with instruc- 
tions to invite the cooperation of all 
engineering societies. This committee 
in the first instance consists of A. D. 
Flinn of the Civil Engineers, A. S. 
McAllister of the Electrical Engineers, 
George J. Foran of the Mechanical 
Engineers, G. C. Stone of the Mining 
Engineers and E. B. Sturgis of the 
Mining and Metallurgical Engineers. 
Its present duty is the tabulation and 
listing of the members of the five 
societies represented, in order that we 
as a profession may be in a position to 
take a larger part in the industries after 
peace is declared. This tabulation has 
already in part been done, but in a 
rather unsystematic and unequal way. 
It is hoped that the new committee by 
having additions from other societies 
may make a final and lasting tabulation 
of all the engineers in the United States, 
The list is to be kept in the Engineering 
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Building for general use in Government 
problems and in the industries. А4 
present the committee is devoting its 
attention to the immediate need of the 
hour, namely, the procurement of men 
for special service in the Government. 
A list of specialists in the societies has 
already been completed. There аге 
three methods by which engineers may 
enter United States Service; first, 
through some organization, second, 
through individual application to a 
department of the Government, and 
third, through selection by the Con- 
scription Law. But this is War Service 
wholly and not Civil Service which is 


the same now as it has always been. . 


As a matter of fact a great many 
engineers have already entered through 
the engineering societies, through col- 
leges and through various special boards 
in Washington. The importance, how- 
ever, of a complete list of engineers and 
their professional specialties cannot be 
over-rated. Such a complete list can 
be made only with the help of the local 
as well as of the nationalsocieties. Тһе 
committee mentioned above is organized 
with George J. Foran as Chairman and 
А. S. McAllister as Secretary. АП 
societies should respond to the request 
for cooperation. : 

Anóther committee of which Harold 
W. Buck is Chairman is called the War 
Committee of Technical Societies. The 
members are Messrs. H. W. Buck, A. 
M. Greene, R. N. Inglis, C. R. Corning, 
G. C. Stone, D. W. Brunton, J. M. 
Boyle, J. V. Davies, Joseph Bijur, A. 
S. McAllister, W. D. Richardson and 
Charles Baskerville. It was appointed 
to assist any organization in Washing- 
ton, such as, for instance, the Council 
of National Defense, the National 
Research Council and the Naval Con- 
sulting Board, in any way in which it 
can bring to the attention of the engi- 
neers of the country the necessity for 
thought and help in the numerous 
problems that arise. 

А Council organized by the enlarg- 
ment of the present Engineering Council 
can be very effective in many ways, 
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without interferring with the autonomy 
of any individual society. Every so- 
ciety has some definite purpose of its 
own and also some which it holds in 
common with all other societies. One 
of the latter purposes relates to public 
service and to cooperation. To the end 
that all societies may understand fully 
their opportunity, the committee of 
which Mr. Foran is Chairman has made 
a complete list of all the societies and 
their officers and communications will 
be sent out inviting cooperation and it 
is hoped that the Council may be 
successful in arousing sufficient interest 
to bring about a larger and better 
Council for all engineers. 

In organizing the Council provision 
was made for the election to member- 
ship of other national engineering and 
technical societies. "There is no doubt 
that rules can be made under which 
these societies may become members. 
This wil involve consultation and 
discussion in the future. | 

Тһе office of the Council will be in the 
Engineering Building, 29 West 39th 
St., New York City. 

(Signed) 
IRA М. HorLis, Chairman, 
Worcester Polytechnic Institute, 
Worcester, Mass. 
CALVERT TOWNLEY, Secretary, 
115 Broadway, New York City. 


Members of the Engineering Council 
United Engineering Society: 

Clemens Herschel, 

B. B. Thayer, 

I. E. Moultrop, 

Calvert Townley, Secretary. 


American Society of Civil Engineers: 
John F. Stevens, 
George F. Swain, Vice- Chairman, 
Fred H. Newell, 
Alex. C. Humphreys, 
John D. Galloway. 


American Institute of Mining Engineers: 
P. N. Moore, 
S. J. Jennings, 
B. B. Lawrence, 
J. Parke Channing, 
Edwin Ludlow. 


250 


American Society of Mechanical Engi- 
neers: : 
Dr. Ira N. Hollis, Chairman, 
John H. Barr, 
Charles Whiting Baker, 
Arthur M. Greene, Jr., 
Dr. D. S. Jacobus. | 


American Institute of Electrical Engi- 
neers: 


H. W. Buck, Vice-Chairman, 
E. W. Rice, 

N. A. Carle, 

P. Junkersfeld, 

C. E. Skinner. 


EXAMINATION FOR ASSISTANT 
CIVIL: ENGINEER, UNITED 
STATES NAVY 


An examination will be held at the 
Navy Department, Washington, D. C. 
to fli vacancies (not less than ten) 
during the present calendar year in the 
grade of assistant civil engineer, Corps 
of Civil Engineers, United States Navy. 

The examination to determine the 
candidate's professional fitness will com- 
prise—a preliminary to determine can- 
didate's general fitness, based on his 
collegiate record, testimonials, etc., and 
a final written and oral examination 
open only to those who have passed the 
preliminary and a physical examination. 
No candidate over 26 years of age on 
July 1, 1917 will be eligible for examina- 
tion. All papers and other information 
required of candidates must reach the 
Bureau of Yards and Docks, Navy 
Department, Examining Board, Wash- 
ington D. C., by noon of October 31, 
1917. Appointees enter the Corps as 
assistant civil engineers and are com- 
missioned with the rank of lieutenant 
(junior grade), Base pay $2,000 per 
annum, increased 10 per cent every 
five years up to maximum of $2,800 
yearly. Allowance for quarters, $432 
yearly. For circular giving complete 
information apply to Navy Department, 
Bureau of Yards and Docks, Washing- 
ton, D. C. 
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NEW COOPERATIVE COURSES AT 
M. I. T. 


The latest cooperative enterprise 
established by the Massachusetts Insti- 
tute of Technology has been undertaken 
jointly by M. I. T. and the General 
Electric Company. This is a proposi- 
tion which on the side of the students 
gives to them the advantages that an 
enormous industrial plant with its 
methods and problems will afford and 
at the same time the General Electric 
Company will reap the benefit of the 
services of a group of selected young 
men with broad educational foundation. 

This course affords a distinctive 
training for technical and executive 
responsibilities with manufacturing cor- 
porations, particularly electrical ones 
and covers a period of three years of 
cooperative engineering and adminis- 
trative training. While working in 
Lynn the cooperative students will 
receive compensation as regular em- 
ployees and on the successful com- 
pletion of the course will find them- 
selves instantly placed. 

This course is highly regarded by 
various industrial leaders and the sig- 
nificance of starting an important 
educational move like this in war times 
will be appreciated by all who under- 
stand the tremendous need which the 
war is creating for engineers trained in 
the executive work of production. 


PAST SECTION MEETINGS 


Denver.—August 16, 1917, Denver 
Chamber of Commerce. Аз guest of 
the engineering group of Denver Cham- 
ber of Commerce, the Denver Section 
attended as a unit a meeting called for 
the discussion of Military Engineering 
Problems. Attendance 20. | 

Fort Wayne.—September 13, 1917, 
Commercial Club. Address by Mr. 
Alfred Zimmerman on ''Production and 
Use of the X-Ray”. Many interesting 
demonstrations were made and several 
photographs were on display. Attend- 
ance 70. 
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Minnesota Section.—June 13th, 1917, 
Elks Club. Election of officers as 
follows—chairman, Е. W. Springer; 
secretary, A. B. King; member of Board 
of Directors, E. J. LeBlond; repre- 
sentative to the Joint Engineering 
Board, R. J. S. Carter. Attendance 20. 

San Francisco.—Engineers Club. 
Election of officers as follows—chairman 
L. R. Jorgensen; secretary, Allen G. 
Jones; chairman of Papers Committee, 
F. C. Piatt; chairman of Entertainment 
Committee, W. W. Brigg. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its regu- 
lar monthly meeting, held on September 
17, 1917, recommended the following 
members of the Institute for transfer 
to the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To Grade of Fellow 
МсВкктү, FRANK Rosert, Electrical 
Engineer, 34 Norfolk St., Strand, 

W. C. 2, London, England. 


To Grade of Member 

Cook, JAMES A., Assistant Chief of 
Laboratory, New York Edison Co., 
New York, N. Y. 

FRANKLIN, RAYMOND E., Superintend- 
ent of Electrical Dept., Yukon Gold 
Co., Dawson, Y. T. 

HEIDENREICH, ALLAN Н., Electrical 
Engineer, Firestone Tire & Rubber 
Co., Akron, O. 

SNYDER, FREDERICK Т., President, 
Electric Furnace Corp., Chicago, Ill. 

TASSIE, ROBERT WILSON, Electrical En- 
gineer, Havana Electric Railway, 
Light & Power Co., Havana, Cuba. 

THOMPSON, JOHN WEsT, District Man- 
ager, Central Mexico Light & Power 
Co., San Luis Potesi, Mexico. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
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the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before October 31, 1917. 
Andreae, F. V., Anniston, Ala. 
Benkesser, G. E., Niagara Falls, N. Y. 
Bibighaus, A. J., S. Bethlehem, Pa. 
Blitman, C. H., Glasgow, Mont. 
Carr, H. D., Rancagua, Chile. 
Clarke, J. L., Montreal, Quebec. 
Driggs, L. J., Indiana, Pa. 
Elsom, C. H., Charleston, W. Va. 
Enger, T. K., Pittsfield, Mass. 
Gielow, E. L., Phoenix, Ariz. 
Kellar, H. A., Glenwood Springs, Colo. 
Miller, A. O., New York, N. Y. 
Miller, W. H., Ft. Wayne, Ind. 
Oakes, C. E., Washington, D.C. ' : 
Perlesz, H., Bayonne, М. J. 
Prentice, J., Glasgow, Scotland. 
Pritchard, A. D., Chicago, Ill. 
Sampson, C. V., (Member), La Paz, 
Bolivia. 
Spengler, W. D., (Member), Akron, O. 
Stewart, T., Waverley, Mass. 
Syron, T. A., Wilkes-Barre, Pa. 
Watson, J. L., Schenectady, N. Y. 
Weir, C., Okere Falls, N.Z. 
Wolfinger, L. F., Los Angeles, Cal. 
Total 24. 


PERSONAL 

PROFESSOR W. S. FRANKLIN, formerly 
of Lehigh University, has accepted a 
position as Special Teacher and Lecturer 
at Massachusetts Institute of Technol- 
ogy, partly in the Department of Physics 
and partly in the Department of Elec- 
trical Engineering. Correspondents will 
please note Professor Franklin's new 
address. 


D. W. BLAKESLEE, Electrical Engineer 
and Assistant Superintendent, Penn. 
Electrical and Mfg. Co., has been ordered 
to report at Washington for active duty 
as First Lieutenant in the Engineer 
Section, Officers’ Reserve Corps. 
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HERBERT В. REYNOLDs, formerly with 
the Interborough Rapid Transit Com- 
pany of N. Y. as assistant engineer in 
the motive power department, is now 
with the United Railways and Electric 
Company of Baltimore as mechanical 
assistant to the superintendent of motive 
power. 


О. В. SHEARER, formerly of Knoxville, 
Tenn., and later engineer for the Boone 
Fork Lumber Co., has opened an office 
in the Burrows Bldg., Johnson City, 
Tenn., for the practise of engineering. 
Steam, hydroelectric and automatic 
power plants. 


]онм В. Price, has changed his ad- 
dress to 515 Mercantile Library Bldg., 
Cincinnati, Ohio, where he has opened 
an office for the Mechanical Appliance 
Company of Milwaukee. 


САРТ. WILLIAM T. TAYLOR, has been 
gazetted a permanent Captain in the 
British army. For the past nine months 
he has been attached to the Royal Flying 
Corps as an Equipment Officer. In the 
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early part of 1915 he resigned his posi- 
tion in Bolivia, South America to join 
the British forces. Since 1916 he has 
been engaged on the French front. Capt. 
Taylor's permanent address is Vernon 
Villa, Tetherdown, Мизмей Hill, М. 
London. 


OBITUARY 

FRANCES B. Н. PAINE, a member of 
the firm of Paine, McClellan and Cam- 
pion, electrical and consulting engineers, 
died at his home, 131 Riverside Drive, 
New York, Sept. 13, 1917, in his forty- 
ninth year. Mr. Paine, a Fellow in the 
A. I. E. E., gained his electrical and 
engineering education with the Westing- 
house Company and later was the en- 
gineer who was instrumental in installing 
the power plant of the Ontario Electric 
Light and Power Company at Niagara 
Falls. This was опе of the first power 
plants erected there. 

In 1891 he was the delegate of the 
A. I. E. E. to the engineering conven- 
tion held in connection with the ex- 
position at Frankfort on the Main. 


ACCESSIONS TO THE UNITED ENGINEERING SOCIETY LIBRARY 
(From August 1, to September 1, 1917) 
Unless otherwise specified, books in this list have been presented by the publish- 


ers. 


The Society does not assume responsibility for any statements made. 


These 


are taken either from the preface or the text of the book. 
All the books listed may be consulted in the United Engineering Society Library. 


A Техт-Воок ON ROOFS AND BRIDGES. 

Part II Graphic Statics. By Mans- 
feld Merriman and Henry S. Jacoby. 
4th ed., rev. and enl. N. Y. John Wiley 
& Sons, [шс., Lond., Chapman & Hall, 
Ltd., 1917. 10-294 pp., 162 illus., 6 
pl., 9x6 in., cloth, $2.50. 


In addition to а revision and rewriting of the 
third edition, three new chapters, on Influence 
Lines for Stresses, Deflection Influence Lines, and 
Reference Literature of Graphics have been 
added. The book contains sixty-two more pages 
than the third edition, and twenty-four addi- 
tional drawings. 


ELECTRICAL MEASUREMENTS. 


By Frank A. Laws. М. Y., McGraw- 
Hil Book Co., Inc.; Lond., Hill Pub- 


lishing Co., Ltd., 1917. 13+719 pp., 
442 illus., 8x6 in., cloth, $5. 


А general treatment of the subject, based on 
the author's experience at the Massachusetts 
Institute of Technology, which emphasizes mat- 
ters of importance to the student of electrical 
engineering. Intended as a general reference 
work as well as a text for students. References 
to more detailed discussionsof the various methods 
are appended to each chapter. 


ENGINEERING FOR Masonry DAMs. 

By William Pitcher Creager. М. Y., 
John Wiley & Sons, Inc., Lond., Chap- 
man & Hall, Ltd., 1917. 114-237 pp., 
88 illus., 10 diagrams, 9x6 in., cloth, 
$2.50. 


Contents Investigations and Surveys The 
Choice of Type of Dam; Forces Acting on Dams; 
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Requirements for Stability of Gravity Dams; 
General Equations for Design of Gravity Dams; 
The Design of Solid Non-Overflow Gravity Dams; 
The Design of Solid Spillway Gravity Dams; 
The Design of Hollow Dams; The Design of Arch 
Dams; Preparation and Protection of the Found- 
ation; Flood Flows; Details and Accessories. 


HANDBOOK OF CLEARING AND GRUB- 
BING. 


Methods and Cost. By Halbert 
Powers Gillette. N. Y., Clark Book 
Co., Inc., 1917. 240 pp., 67 illus., 


7x5 in., cloth, $2.50. 


A general review of all the methods, compiled 
from state and federal bulletins, periodicals and 


personal experience. Gives costs in detail 

whenever possible. 

ORGANISATION PHYSIOLOGIQUE DU 
TRAVAIL. 


Par Jules Amar. Préface de Henry 
Le Chatelier. Paris, H. Dunod et E. 
Pinat, 1917. 12--374 pp., 134 illus., 
10x7 in., pap., 18 franc. 


Written the author states ''to assist the or- 
ganization of labor according to national laws, 
the assignment to each of his true function in the 
social machine, the collaboration of the sound 
and the mutilated man in the work of tomorrow, 
to formulate in a few words the doctrine of the 
maximum utilization of the physical and psychical 
forces, without neglecting the moral factor.” 
Describes the methods used in physiolcgical 
laboratories to measure work and discusses the 
practical applications of the results in such sys- 
tems as the Taylor system. One-third of the 
work discusses the re-education of the mutilated. 


RAILROAD CONSTRUCTION. 

Theory and Practice. A Text-Book 
for the Use of Students in Colleges and 
Technical Schools, and a Hand-Book 
for the Use of Engineers in Field and 
Office. By Walter Loring Webb. 6th. 
ed. rev. and enl.; N. Y., John Wiley & 
Sons, Inc.; Lond., Chapman & Hall, 
Ltd., 1917. 15+831 pp., 218 illus., 
7х4 in., cloth, $4. 


The revision of the fifth edition has been so 
extensive that it has almost amounted to a 
rewriting of the book, comparatively few pages 
have not been changed. The work of the com- 
mittees of the American Railway Engineering 
Association has been followed throughout, and 
considerable new matter on railroad surveys and 
the handling of surveying parties has been added. 


SHAPE BOOK. 

Containing Profiles, Tables, and 
Data Appertaining to the Shapes, 
Plates, Bard, Rails, and Track Acces- 
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sories Manufactured by the Carnegie 
Steel Company. Pittsburgh, (сору- 
right 1917). 352 pp., 270 illus., 8x5 
in., leather, $1. 


STANDARD TABLE ОЕ ELECTROCHEMICAL 

EQUIVALENTS. 

And their Derivatives with Explan- 
atory Text оп Electrochemical Cal- 
culations, Solutions of Typical Practical 
Examples and Introductory Notes on 
Electrochemistry. By Carl Hering and 
Frederick H. Getman. М. Y., D. Van 
Nostrand Co., 1917. 10+130 pp., 8 
illus., 7x4 in., leather, $2. 


Intended to provide a table of constants, based 
on the latest and best fundamental values, for 
calculating the amounts of substances electro- 
lytically deposited, dissolved or otherwise chemic- 
ally changed by an electric current. 


THE APPLICATION OF EFFICIENCY 
PRINCIPLES. 
By George H. Shepard. М. Y., The 
Engineering Magazine Co., 1917. 10 
+368 pp., 7 diagrams, 9x6 in., cloth' $3. 


Takes Harrington Emerson's statement of 
these principles and attempts to show how each 
can be practically applied. Illustrations from 
various fields of industry, are given to show the 
operation of each principle. One endeavor has 
been made to strike a mean between a theoretical 
consideration of efficiency and a description of its | 
application to one specific industry. 


THE ELEMENTS OF HYDROLOGY. 

By Adolph F. Meyer. N. Y., John 
Wiley & Sons, Inc., Lond., Chapman 
& Hall, Ltd., 1917. 12-487 pp., 287 
illus., 2 diagrams, 3 maps, 9x6 іп., 
cloth, $4. 

Intended to provide engineers with a clear 
statement of the most important physical bases 
and applications of the fundamental principles 
underlying the science, rather than as a text or 
reference book. Contents: Introduction; The 
Atmosphere: Its Temperature, Pressure and Cir- 
culation; Water: Its Various States and Their 
Properties; Precipitation: Its Occurrence and 
Distribution; Evaporation from Water Surfaces; 
Evaporation from Land Areas; Transpiration; 
Deep Seepage; Runoff; Stream-Flow Data; 
Supplementing Stream-Flow Data; Modification 
of Stream Flow by Storage; Notes to Teachers 
of Hydrology; Index. 


THE IRON ORES OF LAKE SUPERIOR. 

Containing Some Facts of Interest 
Relating to Mining and Shipping of the 
Ore and Location of Principal Mines. 
3d ed. with original maps of the ranges. 
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By Crowell & Murray. Cleveland, 
The Penton Press Co., 1917. 316 pp., 
7 illus., 13 maps, 9х6 in., cloth, (gift of 
the authors.) 


Contents: Early History of the Lake Superior 
Region; Geclogy; Mineralogy; Production of Ore; 
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Dock Equipment; Classification of Lake Supericr 
Iron Ores; Valuation of Lake Superior Iron Ores; 
Beneficiation of Ores; Methods of Analysis; 
Geology of the Wakefield Area of the Eastern 
Gogebic; Progress of Development of the Cuyuna 
Range; Description of Mines and Ores with 
Maps; Index to Mines and Ores. 


EMPLOYMENT BULLETIN 


Vacancies The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference Ales. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 
not later than the 20th of the month if publication in the following issue is de- 
sired. All replies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 


V-273. Wanted: Master Mechanic, 
technically educated, experienced in 
maintenance of mine machinery, elec- 
trically driven, air compressors, centri- 
fugal pumps, etc. Location Peru-eleva- 
tion 15,000 feet. Two year contract. 
otate salary desired and experience. 


V-274. Young men with technical 
training in the Operating Department 
of large power company. In answering 
give full information as to age, educa- 
tion, experience, etc. 


V-275. Position open in the sales 
department of large and progressive 
manufacturer of electrical power ap- 
paratus for graduate electrical engineer 
with about two years' practical exper- 
ience. 
necessary or desirable. 
portunity for right man. 


V-276. Special Service at the Front. 
Wanted: .Chemical and Gas Engineers. 
Resourceful men, experienced in de- 
veloping chemical and gas apparatus 
and materials. 


V-278. Production Manager, with 
technical education and practical ex- 
perience, for work involving assembling 
of auto radiators in factory employing 
about 500 men. Salary about $3,000. 
Location, vicinity of Buffalo. Please 
give details of experience. 


V-279. A large manufacturing firm in 
Milwaukee wants a young man for 
development, experimental and re- 


Unusual. op- 


Previous sales experience not ` 


/ 


search work on an electrical apparatus 
used in the gas, steel mill, and coke 
oven industries. Applicant should be 
about 23 to 28 years of age, should 
have the equivalent of a university 
technical training, and should have two 
or three years' practical experience if 
possible. Furnish references with reply. 


V.280. Wanted: Young technically 
educated engineer, married, with prac- 
tical turbine and boiler experience, 
familiar with a-c. and d-c. substation 
operation, including battery operation 
and maintenance, who is willing to 
make himself useful on other central 
station detail when necessary. Госа- 
tion, West Indies; climate healthful; 
excellent opportunity. 


MEN AVAILABLE 


822. Graduate Electrical Engineer, 
with experience as Examiner in U. 5. 
Patent Office, and knowledge of general 
and patent law, desires location in 
patent department of manufacturing 
firm in New York City; has thorough 
knowledge of patent office procedure 
and ability in writing specifications 
and prosecuting applications. 

823. Graduate Electrical Engineer, 
Mem. A. I. E. E., age 35, married; 
fourteen years' experience in power 
plant transmission and distribution 
system, and industrial plant design, 
construction and operation; ability for 
research and efficiency work. Four 
years as chief draftsman with large 
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hydroelectric organization, and three 
years with engineering department of 
large mining and smelter concern. 
Desires position with industrial plant, 
public utility organization or consulting 
engineering firm. 

824. Mechanical and Electrical En- 
gineer, of fifteen years' successful prac- 
tical experience. Can design, supervise 
or organize, original or new work where 
initiative, tact and perseverance are 
required. Temperamentally qualified 
to adapt self to various personnel within 
or without an organization. At present 
employed, but desires new position 
where there is ample opportunity to 
produce results. 


825. Technical Graduate, now em- 
ployed, with nine years’ practical 
experience designing, purchasing and 
installing electrical equipment, covering 
practically the entire electrical field, 
open for position offering exceptional 
opportunities for advancement. None 
other considered. Married. Salary 
$200 to start. Available at once. 


826. Electrical Engineer, with thor- 
ough scientific knowledge and eight 
years’ engineering experience, desires 
position where originality, thorough- 
ness and energy are required. Techni- 
cal graduate, including post-graduate 
studies. Possesses good practical knowl- 
edge of chemistry. Can handle men. 
American; aged 31; single; at present 
employed. 

827. Power Plant Electrical Engi- 
neer, desires to make change. Technical 
graduate; age 35. Ten years’ experience 
in laying out plans for power plants, 
transmission lines and railway. over- 
head. At present engaged as engineer 
and executive head of street railway 
and power company. Has had ехреп- 
ence in construction work. 


828. Electrical Engineer, married, 
at present emplcyed, seeks position in 
Western Canada, either to supervise 
construction work or take charge of a 
power plant. Has had wide experience 
in all branches of electric power. 


829. Electrical Engineer, age 40, 
desires position with public utility 
company as superintendent of electric 
meter department and electrical labora- 
tory. Very broad experience in modern 
meter and instrument testing and in- 
stallation, high and low tension. Pres- 
ent position assistant superintendent of 
electrical laboratory in city of 200,000. 
Salary desired $1500. 

830. General Manager. Graduate 
engineer; in complete charge of entire 
business, office, finance, sales and pro- 
duction. Four years production man- 
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ager and general manager of big auto- 
mobile and truck factory. Теп years' 
experience in large plants in the East, 
on production end. Wide experience 
in costs and organization. Available 
on short notice. 


831. Electrical Engineer, technical 
graduate, 27 years old, unmarried, five 
years' electrical, business, and manu- 
facturing experience. State nature of 
work, conditions, and salary. 


832. Electrical Engineer, age 26, 
1915 graduate; desires position with 
central station company or manufac- 


turing company in design work. At 
present employed in manufacturing 
field. 


833. Electrical Engineer, married, 
twenty-nine years old. Two years in 
General Electric testing dept. Two 
years with large consulting engineering 
corporation. Now employed as elec- 
trical engineer by company 1n bitumin- 
ous district in Pennsylvania. Wish to 
get out of mining work. Prefer to 
locate in the East. 


834. Technical Graduate, with six 
and a half years' experience in opera- 
tion and maintenance of electric car 
lighting equipment of large Eastern 
railroad company; also A. H. I. busi- 
ness course, desires position where 
ability and initiative will bring respon- 
sible promotion. Age 31, married. 

835. Electrical Engineer, expert in 
solving practical electrical problems, 
would change to position offering such 
work as major feature. Three years 
with manufacturing company and five 
years with operating company—design, 
testing and erection experience. Uni- 
versity graduate; technically trained; 
De Mem. A. I. E. E. and S. P. 


836.  Engineer-Manager, with ten 
years' experience with utilities, desires 
connection where intelligence, energy, 
capacity and business sense, added to a 
technical knowledge, will be of use. 
Experience includes operation, erection, 
superintendence and management, com- 
mercial and executive work with mod- 
ern electrical power systems. Position 
of responsibility—superintending ог 
managing and building up power and 
lighting property preferred. Available 
on short notice. 


837. Electrical Engineer, technical 
graduate, with executive ability, age 30; 
three years' experience in design and 
manufacture of electrical machinery, 
specializing in induction motors; five 
years' experience in generating, d-c. 
and a-c. substation operation, and high 
and low-tension distribution of central 
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station company. Available on short 
notice. Minimum salary $2500. 


838. Electrical Engineer, with ten 
years' genéral engineering experience 
and fifteen years іп construction, 
operation and maintenance of hydro- 
electric plants. At present superin- 
tendent of large hydroelectric station in 
the East; will consider change if good 
business inducements are given. Mini- 
mum salary considered East or South, 
$4000; middle West or Pacific Coast, 
$5000. 


839. Electrical Engineer, university 
graduate (1910), 31 years old, has had 
seven years' experience in Europe and 
the U. S. in designing and developing 
small power plants, generators motors 
and transformers, automatic telephones, 
signalling and measuring instruments; 
also, special testing training. 


PROCEEDINGS OF A. I. E. E. 


[Oct. 


840. University Electrical Graduate. 
Fifteen years engineer in electrical lines, 
chiefly telephone. Experienced in con- 
struction, maintenance, design, testing, 
cost accounting and valuation. Three 
years in building construction. Now 
on machinery design and in charge of 
manufacture. Wishes to re-engage in 
electrical work, preferably of an experi- 
mental, inventive or investigative na- 
ture. | 


841. Recent electrical engineering 
graduate, desires position in an elec- 
trical laboratory where a variety of 
original research and experimental 
work is conducted. Аф present em- 
гіоуей on test work for a large electri- 
cal manufacturing company. Age 22. 
Vicinity of Philadelphia or New York 
preferred. 
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OFFICERS AND BOARD OF DIRECTORS, 1917-1918. 


PRESIDENT. 
(Term expires July 31, 1918) 
E. W. RICE, J«. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1918) 
JOHN J. CARTY 


(Term expires July 31, 1919) 
H. W. BUCK 


VICE-PRESIDENTS. 
(Term expires July 31, 1918) 


B. A. BEHREND 
P. JUNKERSFELD 
L. T. ROBINSON 


FREDERICK BEDELL 
A. S. McALLISTER 
JOHN H. FINNEY 


MANAGERS. 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 
E. H. MARTINDALE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY 
RALPH W. POPE 


(Term expires July 31, 1918) 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


(Term expires July 31, 1921) 
WALTER A. HALL 
WILLIAM A. DEL MAR 
WILFRED SYKES 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN 
HARRISON W. CRAVER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.—1884-1917. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1892-4-5. 
*LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-07. 


CHARLES F. SCOTT, 1902-3. 

BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, 1904-5. 

SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 

*HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 

LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 

GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. : 
C. O. MAILLOU X, 1913-14. 

PAUL M. LINCOLN, 1911-15. 

JOHN J. CARTY, 1915-16. 


H. W. ВОСК 1916-17. 


*Deceased. 
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INSTITUTE COMMITTEES. 


Revised to October 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 


E. W. Rice, Jr., Chairman, 
General Électric Company, Schenectady, N. Y. 
H. W. Buck, Harold Pender, 
М. А. Carle, L. T. Robinson, 
George A. Hamilton, C. E. Skinner. 


FINANCE COMMITTEE. 


М. A. Carle, Chairman, 
Public Service Electric Company, 


.J. 
Walter A. Hall, Charles Robbins. 


MEETINGS AND PAPERS COMMITTEE 


L. T. Robinson, Chairman, 
General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, 
Westinghouse E. and M. Company, Pittsburgh, 
Harris J. Ryan, 


Pa. 
B. A. Behrend, 
W. I. Slichter, 7 
and the chairmen of the technical committees 


EDITING COMMITTEE. 


W. I. Slichter, Chairman, 

Columbia University, New York. 
M. G. Lloyd, L. T. Robinson, 
Henry H. Norris, C. E. Skinner. 


CODE COMMITTEE. 


Perley, Osgood, Chairman, 
ark Place, Метан: М. Re 


Newark, 


Н.В C. Forsyth, R. Sargent, 
B. Gear, e A. - Sawin, 
. Griswold, A. M. Schoen, 

f. ©. Lacount, George F. Sever, 
т Livingston, C. E. Skinner, 
enry N. Muller, H. S. Warren. 


BOARD OF EXAMINERS. 


A. S. McAllister, Chairman, 

261 West 23rd St., New York. 
William McClellan, F. L. Rhodes, 
Henry H. Norris, W. I. Slichter. 


SECTIONS COMMITTEE. 

Walter А. Hall, Chairman, 

General Electric Company, West Lynn, Mass. 
^ Р.Н. Daggett, Vice-Chairman 

John B. Fisken, H. W. Flashman, 

А. М. Schoen, 

and the chairman of all Institute Sections, 

ex-officio. 


COMMITTEE ON STUDENT BRANCHES. 


Sub-Committee of Sections Committee.) 
P. Daggett, Chairman, 
Üniversity of North Carolina, Chapel Hill, 


Alexander M. Gray, A. C. Lanier, 
C. Francis Harding, Charles F. Scott. 


MEMBERSHIP COMMITTEE. 
H. M Pratt, Chairman, 


E. and M. Company, 165 Broadway: N. Y. 


PUBLIC POLICY COMMITTEE. 


Calvert Townley, Chairman, 
. E. and M. Company, 
165 Broadway, New го: 
Н. W. Buck, P. Junkersfeld, 
М.А. Carle, John W. Lieb, 
John J. Carty, W. Rice, Jr., 
C. E. Skinner. 


HEADQUARTERS COMMITTEE. 


N. A. Carle, Chairman, 
Public Service Electric Company, 


N. J. 
A. S. McAllister, F. L. Hutchinson. 


Newark, 


STANDARDS COMMITTEE. 
C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary, 
атау of Pennsylvania: Philadelphia, Pa. 


P. G. Agn W, S. Gorsuch, 
Frederick Bedell, F. ' Hanker, 
Josep Bijur, H. M. Hobart 

. F. Blume, P. puce 
James Burke, A. E. Kennelly, 
G. Burnham, G. L. Knight, 
М. А. Carle, Е. А. Laws, | 
P. H. Chase, A. S. McAllister, 
E. J. Cheney, W. L. Merrill, 
H. lark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox C. H. Sharp, 
William А, Del Mar, C. E. Skinner, 
А. M. Dudley, N. W. Storer, 
E. J. Edwards, Run B. Taylor, 
H. W. Fisher, . B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
29 Nassau St., New York. 


F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, 
Harvard University, Cambridge, Mass. 

C. А. Adams, А. S. McAllister, 

В. А. Behrend, M. I. Pupin, 
James Burke, E. B. Rosa, 

ohn J. Carty, David B. Rushmore, 
Gano Dunn, Charles F. Scott, 

H. M. Hobart, Clayton H. Sharp, 
John W. Lieb, . Skinner, 


C. 
Elihu Thomson. 


COMMITTEE ON CODE OF PRINCIPLES OF 
PROFESSIONAL CONDUCT. 
George F. Sever, Chairman, 
13 Park Row, New York. 
A. H. Babcock, A. S. McAllister, 
Gano Dunn, Schuyler Skaats Wheeler 


EDISON MEDAL COMMITTEE. 
Appointed by the President for terms of five years. 


Term expires July 31, 1918. 
H. W. Buck, Е. А. Scheffler, 
J. Franklin Stevens. 
Term expires July 31, 1919. 
Charles F. Brush, Chairman, 
481 The Arcade, Cleveland, Ohio. 
N. W. Storer, C. C. Chesney. 
Term expires July 31, 1920. 
Carl Hering, Harris ‘J. Ryan, 
Robert Lindsay. 
Term expires July 31, 1921. 
W. C. L. Eglin, Е Bancroft Gherardi, 


. Rice, Jr. 
Term expires July 31, 1922. 
C. А. Adams, . Ferguson, 


S. W. Stratton. 
Elected by the Board of Directors from its own 
membership for terms of two years. 


Term expires July 31, 1918. 
L. T. Robinson, Е Harold. Pender, 


. Skinner. 
Term.expires July 31, 1919. 
B. А. Behrend, John Т. Carty, 
А. S. McAllister. 
Ex-Officto. 
E. W. Rice, Jr., President, 


George À. Hamilton, "Treasurer, 
F. L. Hutchinson, Secretary. 
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TECHNICAL COMMITTEES. 
Revised to October 1, 1917. 


POWER STATIONS. 
Philip Torchio, Chairman, 
N. Y. Edi 


New York 
L. P. Crecelius, H. S, Putnam, 
W. S. Gorsuch, Е. А. Scheffler, 
P. M. Lincoln, В. В. Schuchardt, 
S. А. Moss, H. L. Wallau, 
I. E. Moultrop, W. F. Wells, 
B. F. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 
Niagara Falls Power ‘Company, Niagara Falls, 


N. Y. 
А. О. Austin, P. M. Lincoln, 
A. Brundige, L. C. Nicholson, 
. W. Buck, W. D. геше 
Wallace S. Clark, D. W. Ro 
E. E. В F. Creighton, Han Id: yan, 
H. W. Fisher, hom 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman, 
Westinghouse E. & M. Co., East Pittsburgh, Pa. 


Harry H. Adams, William A. Del Mar, 
A. H. Armstrong, . V. B. Duer, 

А. H. Babcock, ohn Murphy, 
Reinier Beeuwkes, Charles F. Scott, 

W. H. Blood, Jr., H. M. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Company, Cleveland, O. 
. М ре, Charles D. Knight, 


A. M. MacCutcheon, 
А. M. Dudley, А. С. Pierce, | 
К. H. Goodwillie, pus. M. Smith, 
A. L. Hadley, eichsel, 
C. A. Kelsey, J. B. Wiard, 


R. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
r Park, Cleveland, O. 


N. Chamberlin, R. C. Powell, 
CR . Clewell, E. B. „Коза, 
. R. Cravath, W. D'A. Ryan, 
lassett Jones, Clayton H. Sharp, 
T. S. Perkins, W. M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE 
(Not yet appointed.] 


PROTECTIVE DEVICES. 


W. Roper, Chairman, 
Cn D d Edison Company, 
Adams St., Chicago, Ill. 


72 W. 


E.E.F F. Creighton, P. M. Lincoln, 
Leslie N. Crichton, A. À. Meyer, 
James C. Dow, N. L. Pollard, 
L. Elden, F. E. Ricketts, 
E. M. Hewlett Philip Torchio, 
Woodrow. 


ELECTROCHEMISTRY AND ELECTRO- 
METALLURGY. 


P. A. J. Fitzgerald, Chairman, 
Fitzgerald асас Niagara Falls, М. Y. 
Lawrence Addicks, A fidt 


ury, 
joseph L. Dixon, TÉ Schoen 
. R. Edmands, 
Carl Hering. illis R. d nitney. 


ELECTROPHYSICS. 
[Not yet appointed.] 


TELEGRAPHY AND TELEPHONY. 


L. F. oe Chairman, 
A. T. and T. Company, 1195 Broadway, New 
ог 
Е. F. W. Alexanderson, William Maver, 
R. E. Chetwood, Kempster B. Miller, 
E. B. Craft, John Stone Stone, 
M. M. Davis, ohn B. Taylor, 
A. H. Griswold, . L. Wayne. 


MARINE. 


Н.А. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa 
D. M. Mahood, Secretary, 
Sperry Gyroscope Company 
Manhattan Bridge P аға, Brooklyn, N. Y. 


R. B. Chillas, Jr., си 

M. W. Day, Loomis, 

L. A. Doggett, G. A. Pierce, Jr., 
G. E. Edgar, H. M. Southgate, 
W. L. R. Emmet, E. A. Sperry, 

W. R. Furlong, Wilfred Sykes, 
H. L. Hibbard, F. W. Wood. 


USE OF ELECTRICITY IN MINES. 


H. H. Clark, Chairman, 
Bureau of Mines, 40th and Butler Sts., Pitts- 


burgh, Pa . 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, A. B. Kiser, 
W. А. Chandler, Charles Legrand, 
F. J. Duffy, Charles M. Means, 
І. C. Isley, К.А. Pauly, 
H. M. Warren, 


ELECTRICAL MACHINERY. 


Alexander M. Gray, Chairman, 
Cornell University, Ithaca, N. Y. 
B. А. Behrend, H. F. T. Erben, 
A. M. Dudley R. B. Williamson, 
| James Burke. 


INSTRUMENTS AND MEASUREMENTS. 


S. G. Rhodes, Chairman, 
104 East 32nd St., New York. 
P. G. Agnew, Е. V. Magalhaes, 
F. P. Cox, T. S. Perkins, 
Clayton H. Sharp. 


IRON AND STEEL INDUSTRY. 


F. D. Egan, Chairman, 
Pittsburgh Crucible Steel Co., 
Midland, Pa. 


EDUCATIONAL. 


Беш, Chairman, 

nion College, Schenectady, N. Y. 
Alexander Gray, Chester W. Rice, 
Charles S. Howe, C. E. Skinner, 
E. B. Merriam, W. J. Slichter. 
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PROCEEDINGS OF A. I. E. E. 


[Oct. 


INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 

C. O. Mailloux, John J. Carty. 
Paul M. Lincoln, . W. Buck. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Samuel Sheldon, 


Gano Dunn, 
Calvert Townley. 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


W. I. Slichter, Edward D. Adams, 
Harold Pender, Samuel Sheldon, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF МА- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


W. S. Franklin, G. W. Pierce. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


C. O. Mailloux, 


А. E. Kennelly, : 
Clayton Н. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 


F. B. Jewett. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
William McClellan, 


Charles W. Stone, 
Calvert Townley. 


Gano Dunn, 
John H. Finney 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND 
LINE CONSTRUCTION. 


F. B. H. Paine, 


Farley Osgood, 
Percy H. Thomas. 


AMERICAN COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, Е. М. Waterman, 
Paul Winsor. 


ON ENGINEERING COUNCIL. 


H. W. Buck, N. A. Carle, 
E. W. Rice, Jr., P. Junkersfeld, 
C. E. Skinner. 


ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL. 


F. B. Jewett, Clayton H. Sharp. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 


Benjamin С. Lamme, Frank J. Sprague. 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, М. А. Carle, 
P. Junkersfeld. 


COMMITTEE ON GENERAL ENGINEERING, 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE. 

H. W. Buck, C. А. Adams. 


COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, Charles F. Scott. 


LOCAL HONORARY SECRETARIES. 

Guido Semenza, N. 10 Via S. Radegonda, Milan, 
Italy. 

Robert Julian Scott, Christchurch, New Zealand, 
T. P. Strickland, N. S. W. Government Railways 

. Sydney, N. S. W. 
W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 
L. А. Herdt, McGill Univ., Montreal, Que. 
Henry Graftio, Petrograd, Russia. 


A. S. Garfield, 45 Boulevard Beausejour Paris 
16 E. France. 

Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 


John W. Kirkland, Johannesburg, South Africa: 
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LIST OF SECTIONS 


Revised to October, 1917. 


Name and when Organized Chairman Secretary 

Atianta................ Jan. 19, '04 | A. M. Schoen Thomas C. Taliaferro, S. E. Underwriters 
Ass'n., Atlanta, Ga. 

Baltimore............. Dec. 16, 04 | J. B. Whitehead | L.M. Potts, Industrial Bldg., Baltimore,Md. 

Boston................ Feb. 13, '03 | H. M. Hope Ira M. Cushing,84 State St. Boston, Mass. 

Сїысако...................... 1893 | Wm. J. Crumpton| C.A.Keller, Edison Building, Chicago, ПІ. 

Cleveland ............. Sept. 27, '07 | C. M. Rakestraw | C. S. Ripley, 711 Williamson Building, 
Cleveland, Ohio. 

Denver....... TP ... May 18, '15 | Norman Read Robert B. Воппеу, 806 Telephone Build- 
ing, Denver, Colo. 

Detroit-Ann Arbor...... Jan. 13, '11 ! H. H. Higbie H. T: Wyckoff, „Detroit Edison Company, 

etroi 
Fort Fori Wayae ee . 14, '08 | J. J. Kline В. B. Roberts, С. E. Co., Fort Wayne,Ind. 


Aug 
Indianapolis-Lafayette..Jan. 12,'12 | J. L. Wayne, 3rd | C. А. Cora, care Central Unoin Tel. Co., 
Indianapolis, Ind. 


Їйваса................ Oct. 15, 02 | F. Bedell V. Karapetoff (acting Secretary), Cornell 
Univ., Ithaca, N 
Kansas City, Mo....... Apr. 14, '16 | W. F. Barnes W. F. Barnes, Kansas City, M 
Los Angeles........... May 19, '08 | Don Morgan A. W. Nye, University of Souther Cali- 
fornia, Los Angeles, Cal. 
һупп................. Aug. 22, '11 | J. M. Davis R. D. Thomson, General Electric Com- 
: pany, West Lynn, Mass. 
Madison.............. Jan. 8, 09 | J. R. Price L. E. A. Kelso, University of Wisconsin, 
Merico............... Dec. 13, '07 Madison, Wis. 
Milwaukee.............Feb. 11, 10 | Arthur Simon Soren H. Mortensen, Allis-Chalmers Mfg. 
| Co., West Allis, Wis 
Minnesota............. Apr. 7,'02 | F. W. Springer А. B. King, Electric Machinery Company, 
Minneapolis, Minn. 
Рапаша............... Oct. 10, '13 | С. ]. Embree W. F. Kleene, Ancon, C. Z. 
Philadelphia........... Feb. 18, '03 | Nathan Hayward | H. Mouradian, Bell Telephone Co. of 
. Penna., Сер Ра. 
Pittsburgh.............Oct. 13, '02 | В. Е. Wynne С. М. Вакег, С. Е. . Oliver Building, 
1 Pittsburgh, Pa. 
Pittsfield.............. Mar. 25, '04 | F. F. Brand E. H. Branson, General Electric Company, 
Pittsfield, Mass 
Portland, Ore.......... May 18, '09 J. C. Martin E. D. Searing, 1185 Kerby Street, Port- 
land, Oregon. 
Rochester............. Oct. 9,'14 | Frank C. Taylor | J. W. Morrison, Rochester Telephone Co., 
. Rochester, N 
St. Louis.............. Jan. 14, '03 | A. McR.Harrelson| Н. L. Hope, Southwestern Bell Telephone 
А ыер St. Louis, Мо. 
San Francisco.......... Dec. 23, '04 | J. E. Woodbridge| A. G. Jones, 811 Rialto Building, San 
Francisco, Cal. 
Schenectady........... Jan. 26, 03 | М. Г. Upson L. Е. Millham, General Electric Company, 
Schenectady, N. Y. 
Seattle................ Jan. 19, '04 | C. E. Magnusson | C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Зрокапе.............. Feb. 14, '13 | Charles А. Lund | Foster Russell, Washington Water Power 


Сошрапу, Spokane. Wash. 


Тоефо................ June 3, '07 | W. E. Richards Max euber, 1257 Fernwood Ave., 
нэ Toiedo, Ошо. 
Toronto............... Sept. 30, '03 | William G.Gordon| Ernest V. Pannell, 60 Front Street, West, 
| Toronto, Ont. 
Utah Section........... Маг. 9, '17 | А. S. Peters H. T. Plumb. 
Urbana............... Nov. 25, '02 | L. V. Е А. R. Knight, Univ of Illinois, Urbana,Ill, 
Vancouver............. Aug. 22,711 | В. F. Hayward T. H. Crosby, Canadian Westinghouse Co. 


| Vancouver, B. С 
Washington, D. С.......Арг. 9, 03 | Paul С. Agnew J. Ernest Smith, McKinley Manual Train- 
ing School, Washington, D. C. 


Total 33 
LIST OF BRANCHES 
Name and when Organized Chairman Secretary 
Agricultural and Mech. 
College of Texas...... Nov. 12, "09 | M.M.Bridgewater| L. E. ште, College Station, Tex. 
Alabama Poly. Inst.. . Nov. 10, '16 | М. W. НШ L. I. Davis, Auburn, Ala. 
` Alabama, Univ. of. ..... Dec. 11, '14 | Gustav Wittig A. F. Frazer, University, Ala. 
Arkansas, Univ. of...... Mar. 25, '04 | W. L. Teague J. C. Douthit, University of Arkansas, 
: Fayetteville, "Ark. 
Armour Institute....... Feb. 26, 04 | E. A. Moore, Jr. A. Hofgren, 7542 South Chicago Ave- 
nue, Chicago, Ill. 
Brooklyn Poly. Inst...... Jan. 14, 16 | Paul С. Wehle Robert Davie, The Polytechnic Insti- 
tute, Brooklyn, N. Y. 


Bucknell University..... May 17,710 | A. W. Hatfield C. C. Gillette, Phi Gamma Delta House, 
MM : Bucknell University, Lewisburg, Pa. : 
California, Univ. of..... Feb. 9,'12 | Bradley B. Brown| H. up mede University of California, 
| erkeley, Cal. 
Carnegie Inst. of Tech... May 18, '15 | Е. С. Peterson B. C. Dennison, Carnegie School of Tech- 
nology. Pittsburgh, Pa. 


Cincinnati, Univ. of..... Apr. 10, '08 | R. L. Utley H. V. McCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio 
Clarkson Col. of Tech....Dec. 10, '15 | Н. Н. Plank Philip R. Cloke, Clarkson College of 
A Technology, Potsdam, N. Y. 
Clemson culturalCol.Nov. 8, '12 | D. H. Banks W. H. Neil, Clemson College, SC. 
Colorado State Agricul- 
College......... Feb. 11, '10 | H. W. McKinley | F. G. Stiers, Colorado State Agricultural 


College, Fort Collins, Colo. 
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INSTITUTE REPRESENTATIVES. 


ON BOARD OP AWARD, 
JOHN FRITZ MEDAL. 

C. O. Mailloux, Това Ј. Сатіу. 
Paul M. Lincoln, . W. Buck. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Samuel Sheldon, 


Gano Dunn, 
i Calvert Townley. 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


W. I. Slichter, Edward D. Adams, 
Harold Pender, Samuel Sheldon, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


W. S. Franklin, G. W. Pierce. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


C. O. Mailloux, 
Clayton H. Sharp. 


A. E. Kennelly, 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 


F. B. Jewett. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
William McClellan, 


Charles W. Stone, 
Calvert Townley. 


Gano Dunn, 
John H. Finney 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND 
LINE CONSTRUCTION. 


F. B. H. Paine, 


Farley Osgood, 
Percy H. Thomas. 


AMERICAN COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
Paul Winsor. : 


ON ENGINEERING COUNCIL. 


H. W. Buck, N. A. Carle, 
E. W. Rice, Jr., P. Junkersfeld, 
C. E. Skinner. 


ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL. 


F. B. Jewett, Clayton H. Sharp. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 


Benjamin С. Lamme, Frank J. Sprague. 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, N. A. Carle, 
P. Junkersfeld. 


COMMITTEE ON GENERAL ENGINEERING, 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE. 

H. W. Buck, C. A. Adams. 


COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, Charles F. Scott. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10 Via S. Radegonda, Milan, 
Italy. 
Robert Julian Scott, Christchurch, New Zealand, 
T. P. Strickland, N. S. W. Government Railways 
қ Sydney, М. S. W. 
W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 
L. A. Herdt, McGill Univ., Montreal, Que. 
Henry Graftio, Petrograd, Russia. 
А. S. Garfield, 45 Boulevard Beausejour Paris 
16 E. France. 
Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 
john W. Kirkland, Johannesburg, South Africa: 
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LIST OF SECTIONS 


Revised to October, 1917. 


Name and when Organized Chairman Secretary 

Atlanta................ Jan. 19, '04 | A. M. Schoen Thomas C. Taliaferro, S. E. Underwriters 
Ass'n., Atlanta, Ga. 

Baltimore............. Dec. 16, '04 | J. B. Whitehead L.M.Potts, Industrial pice Baltimore, Md. 

Boston................ Feb. 13, '03 | H. M. Hope Ira M. Cushing,84 State St., Boston, Mass. 

Chicago.. ааваа азаа 1893 | Wm. J. Crumpton| С.А. КеПег, Edison Building, Chicago, ПІ. 

Cleveland ............. Sept. 27, '07 | C. M. Rakestraw | C. S. Ripley, 711 Williamson Building, 
Cleveland, Ohio. 

Denver......... ......Мау 18,'15 | Norman Read Robert B. Bonney, 806 Telephone Build- 


ing, Denver, Colo. 

Hw Wyckoff, Detroit Edison Company, 
SEGUE Mich. 

Fort Wayne........... Aug. 14, '08 | J. J. Kline R. B. Roberts, G. E. Co., Fort Wayne,Ind. 
Indianapolis-Lafayette..Jan. 12,'12 | J. L. Wayne, 3rd | C. А. Cora, care Central Unoin Tel. Co., 
Indianapolis, Ind 


Detroit-Ann Arbor......Jan. 13,711 | Н.Н. Higbie 


Таба о Oct. 15, 02 | В. Bedell У. Karapetoff (Acting Secretary), Cornell 
Univ., Ithaca, N. 
Kansas City, Mo....... Apr. 14, '16 | W. F. Barnes W. F. Barnes, Kansas. City, Mo. | 
Los Angeles........... May 19, '08 | Don Morgan A. W. Nye, University of Southern Cali- 
fornia, Los Angeles, Cal. 
Р Aug. 22, '11 | J. M. Davis R. D. Thomson, General Electric Com- 
| pany, West Lynn, Mass. 
Madison Saudi s RU ces Jan. 8, 09 | J. В. Price L. E. A. Kelso, University of Wisconsin, 
Мехісо............... Dec. 13, '07 Madison, Wis. 
Milwaukee.............Feb. 11, '10 | Arthur Simon Soren H. Mortensen, Allis-Chalmers Mfg. 
| Co., West Allis, Wis. | 
Minnesota............. Apr. 7,'02 | F. W. Springer А. B. King, Electric Machinery Company, 
Minneapolis, Minn. 
Рапаша............... Oct. 10, '13 | C. ]. Embree W. В. Kleene, Апсоп, С. 2. 
Philadelphia........... Feb. 18, '03 | Nathan Hayward| H. Mouradian, Bell Telephone Co. of 
. Penna., E de Pa. 
Pittsburgh.............Oct. 13, 02 | В. E. Wynne G. M. Baker, G. E. Co., Oliver Building, 
. Pittsburgh, Pa. 
Pittsfield.............. Mar. 25, '04 | F. F. Brand E. H. Branson, General Electric Company, 
Pittsfield, Mas 
Portland, Оге.......... May 18, '09 7. C. Martin E pi Searing, 1185 Kerby Street, Port- 
and, Oregon 
Rochester............. Oct. 9,'14 | Frank C. Taylor | J. W. Morrison, Rochester Telephone Co., 
. Rochester, N. 
St. Louis.............. Jan. 14, "03 | A. McR.Harrelson | Н. L. Hope, Southwestern Bell Telephone 
| System, St. Louis, 
San Francisco.......... Dec. 23, '04 | J. E. Woodbridge| A. G. Jones, 811 Rialto Building, San 
Francisco, Cal. 
Schenectady........... Jan. 26, "03 | W. L. Upson L. Е. Millham, General Electric Company, 
Schenectady, N. Y. 
Зеае................ Jan. 19, '04 | C. E. Magnusson | С. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Spokane.............. Feb. 14, '13 | Charles A. Lund | Foster Russel!, Washington Water Power 
1 Company, Spokane, Wash. 
Тоедо................ June 3, 07 | М. E. Richards Max euber, 1257 Fernwood Ave., 
Dd Toiedo, Ohio. 
Toronto............... Sept. 30, '03 | William G.Gordon| Ernest V. Pannell, 60 Front Street, West, 
| Toronto, Ont. 
Utah Section........... Маг. 9,'17 | А. S. Peters H. T. Plumb. 
Urbana............... Nov. 25, '02 | L. V. ins А. В. Knight, Univ of Illinois, Urbana,Ill, 
Vancouver.............Aug. 22, '11 | В. Е. Hayward T. H. Crosby, Canadian Westinghouse Co. 


: Vancouver, B. 
Washington, D. C.......Apr. 9,'03 | Paul G. Agnew J. Ernest Smith, McKinley Manual Train- 
ing School, Washington, D. C. 


Total 33 
LIST OF BRANCHES 
Name and when Organized Chairman Secretary 
Agricultural and Mech. 
College of Texas...... Nov. 12, 09 | М.М. Bridgewater| L. E. Tighe, College Station, Tex. 

Alabama Poly. Inst..... . Nov. 10, '16 | М. W. Hill L. I. Davis, Auburn, Ala. 

Alabama, Univ. of...... Dec. 11, '14 | Gustav Wittig А. F. Frazer, University, Ala. 

Arkansas, Univ. of...... Mar. 25, '04 | W. L. Teague J. C. Douthit, University of Arkansas, 
Fayetteville, "Ark. 

Armour Institute....... Feb. 26, 04 | E. A. Moore, Jr. А. А. Horgren, 12 South Chicago Ave- 
nue, icago, Il] 

Brooklyn Poly. Inst...... Jan. 14, '16 | Paul G. Wehle Robert Divi. The Polytechnic Insti- 
tute, Brooklyn, N. Y. 


Bucknell University. .... May 17, '10 | A. W. Hatfield C. C. Gillette, Phi Gamma Delta House, 
1 : | Bucknell University, Lewisburg, Pa. 
California, Univ. of..... Feb. 9, "12 | Bradley B. Brown| H. arbe aces of California, 
| erkeley, Cal. 
Carnegie Inst. of Tech... May 18, '15 | E. С. Peterson B. C. Dennison, Carnegie School of Tech- 
ui te Pittsburgh, Pa. 


Cincinnati, Univ. of..... Apr. 10, '08 | R. L. Utley cCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio 
Clarkson Col. of Tech....Dec. 10, '15 | H. H. Plank Philip R. Cloke, Clarkson College of 
Technology, Potsdam, N. Y. 
Clemson iculturalCol. Nov. 8,712 | О.Н. Banks W. H. Neil, Clemson College. S. C. 
Colorado State Agricul- 
tural College......... Feb. 11, '10 | H. W. McKinley | F. G. Stiers, Colorado State Agricultural 


College, Fort Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name and when Organized 


Colorado, Univ. of.. . Dec. 16, 
Georgia School of Tech- 
nology......... .....J]une 25, 
Highland Park College.Oct. 11, 
Idaho, Univ of.. . June 25, 
Iowa State College .. s Apr. 5, 
Iowa, Univ. of......... ay 18, 
Kansas State Agr. Col...Jan. 10, 
Kansas Univ. of... .. Mar. 18, 
Kentucky, State Univ. of Oct. 14, 
Lafayette College.......Apr. 5, 
Lehigh University...... Oct. 15, 
Lewis Institute.. .Nov. 8, 
Maine Univ. of.. . Dec. 26, 
Massachusetts Inst. с; 
Тесһ.... Я Ар! 13, 
Michigan, Univ. of.. . Mar. 25, 
Minnesota, Univ. of..... May 16, 
Missouri Univ. of...... Jan. 10, 
Montana State Col...... May 21, 
Nebraska, Univ. of.....Apr. 10, 
North Carolina Col. of 
Agr.and Mech. Arts. . Feb. 11, 
North Carolina, Univ. of.Oct. 9, 
North Dakota, Univ. of . .Feb. 15, ' 
Norwich University ..... June 28, 
Ohio Northern Univ.. ..Feb. 9, 
Ohio State University ... Dec. 20, 
Oklahoma Agricultural and 
Mech. Col........... Oct. 13, 
Oklahoma, Univ. of... ... Oct. 11, 
Oregon Agr. Col........ Mar. 24, 
Penn. State ое. ...Dec. 20, 
Pittsburgh, Univ. o .Feb. 26, 
Purdue University......Jan. 26, 
Rensselaer Poly. Inst.. .. Nov. 12, 
Rose Polytechnic Inst.... Nov. 10, 
Rhode Island State Col.. Mar. 14, 
Stanford Univ.......... Dec. 13, 
Syracuse Univ.... ..Feb. 24, 
Texas, Univ. of........ Feb. 14, 
Throop College of Tech- 
nology.............. ct. 14, 
Virginia’ Polytechnic In- 
stitute.............. an. 5 
rene Univ. of....... Feb. 9, 
Wash., State Col. of..... Dec. 13, 
Washington Univ.. ......Feb. 5, 
Washington, Univ. of. ..Dec. 13, 
West Virginia Univ...... Nov. 13, 
Worcester Poly. Inst....Mar. 25, 
Yale University........ Oct. 13, 


Chairman 


Robert Newman 
R. E. Robinson 
Е. Е. Gould | 
Pes 
L. N. Miller 
R. W. Davis 
A. W. Davies 
Harry C. Hartung 
R. H. Lindsay 
Rowland Manley 
Fred P. Jones 
W. R. Harvey 
George W. Miller 
А. C. Lanier 
Roy C. Hagen 
Olin J. Ferguson 
John R. Hauser 
A. C. Forney 


D. F. McConnell 
Edward B.Dawson 


В. H.-Bennett 
E. S. Gunn 

G. E. Davis 
A. W. Watter 
J. A. Hooper 


. B. Kelly. 
. R. Roth 


C. F. Harding 
W. J. Williams 
H. E. Smock 

A. W. Thayer 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
John D. Hindle 


W. S. Rodman 
S. Stites 


Charles A. Lieber 
L. P. Kongsted 
O. P. Joliffe 

B. Luther 

A. W. Cahoon 


Secretary 


Wiliam N. Gittings, University of Colo- 


rado, Boulder, Colo. 
John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 
Adolph Shane, Highland Park College, 
Des Moines, Iow 
L.J.Corbett, Unive of "Idaho, Moscow, Idaho. 
Е.А. Robbins, Iowa St.Col., Ames, Iowa. 
A. H. Ford, University of Iowa, Iowa City, 


Iowa. 

M. H. Russell, Kansas State Agri. Col., 
Manhattan, Kansas. 

Clark Davis, University of Kansas, Law- 
rence, Kansas. | 

С. D. Aaron, State University of Kentucky, 
Lexington, Ky. 

wen Lash Lipps, 633 Parsons, Easton, 


R. D. Bean, Lehigh University, South 
Bethlehem, Pa. 

S. P. McDaniels, Lewis Institute, Chicago. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 


T. W. Connant, University of Michigan, 
Ann Arbor, Mi ch. 

Ray McKibben, University of Minnesota, 
Minneapolis, Minn. 

D. P. Savant, University of Missouri, 
Columbia, Mo. 

J. A. Thaler, Montana State College, 
Bozeman, Mont. 

F. C. Holtz, University of Nebraska, 
Lincoln, Nebraska. 

Landon C. Flournoy, N. C. Coll. of A. and 
M. Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 
Chapel Hill, М. C. 

Roy A. Wehe, University ‚М. D. 

euer хогны, Norwich University, North- 
e 

W. W. Wickerham, 125 S. Gilbert Street, 
Ada, Ohio 

T. D. Robb. 124 West 10th Ave., Colum- 
bus, Ohio. 

W. C. Lane, Oklahoma A. and M. College, 
Stillwater, Okla. 

C. H. Whitwell, University of Oklahoma, 
Norman, Okla. 

L. Happold, Oregon Agri. 
vallis, Ore. 


College, Cor- 


W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

А. М. Topping, Purdue Univ., Lafayette, 
Indiana. 

R. Townsend, Jr., Rensselaer Poly- 

technic Institute, roy, N. 

Sam P. Stone, 1012 North 8th Street, 
Terra Haute, Ind. 

Carl A. Burdick, Rhode Island State Col- 
lege, Kingston, R. I. 

A. L. Morgan, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
е №. Y. 

J. А. Correll, Univ. of Texas, Austin, Tex. 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 

E. S. Smithson, Virginia Polytechnic 
Institute, Blacksburg, Va 

J. К. Peebles, University, Va. 

E. Tollefson, State Coll. of Wash., Pull- 
man, Wash. 

R. W. Mac Donald, Washington Univer- 
sity, St. Louis, Mo. 

L. M. Lubcke, University of Washington, 
Seattle, Wash. 

D. F Cronin, 52 vo Driveway 
Morgantown, 2 

М. L. Towle, оссе Polytechnic In- 
stitute, Worcester, Mass. 

J. P. Allen, Sheffield Scientific School‘ 
New Haven, Conn. 


Total 59 
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INSTITUTE MEETING IN NEW 
YORK, NOVEMBER 9, 1917 


The 334th meeting of the American 
Institute of Electrical Engineers will be 
held in the Auditorium of the Engineer- 
ing Societies Building, 33 West 39th 
Street, New York, at 8:15 p.m. 

The paper of the evening is entitled 
“An Experimental Method of Obtaining 
the Solution of Electrostatic Problems with 
Notes on High-Voltage Bushing Design," 
by Mr. Chester W. Rice, of the General 
Electric Co. The paper is published in 
this issue of the PROCEEDINGS and re- 
prints will be distributed at the meeting. 

A thorough discussion of the paper is 
desired, and non-members of the Insti- 
tute who are interested in this subject 
are cordially invited to attend and take 
part in the meeting. 


THE ENGINEERING FOUNDATION 
AND THE NATIONAL RESEARCH 
. COUNCIL 


In order to give an outline of the re- 
lations existing between the National 
Research Council and the Engineering 
Foundation, as well as a brief review 
of the work accomplished, there is 
appended the Report of the Founda- 
tion for the year ending Sept. 20, 1917 
together with the reciprocal resolutions 
adopted, and the letter of Major Milli- 
kan, Vice-Chairman of the National 
Research Council, epitomizing some of 
the accomplishments of the Council 
made possible by the financial support 
during the past year extended by the 
Engineering Foundation. 


REPORT OF SECRETARY TO THE ENGI- 
NEERING FOUNDATION FOR THE 
YEAR SEPTEMBER 1916-1917. 


September 20, 1917 
To the 
Engineering Foundation Board 


Gentlemen: | 

As this meeting terminates the year's 
agreement under which the  Engi- 
neering Foundation has appropriated 
its income to the National Research 
Council, a brief summary of what has 
been accomplished seems called for. 


The Research Council was organized 
on the 19 September 1916. Тһе Ex- 
ecutive Committee was appointed at 
that meeting; since that date two other 
meetings of the Council have been 
held, one in Boston on 13-14 November, 
and the other in Washington on 19 
April. During the intervals between 
the meetings of the Research Council, 
the Exectuive Committee has conducted 
all of the business of the Council. 
There have been twenty-nine meetings 
of the Executive Committee, thirteen 
in New York up to the first of May, 
fifteen in Washington subsequently, 
and one in Boston. 


The meetings in New York were de- 
voted to the organization of the Re- 
search Council and especially to the 
appointment of Committees. At the 
outset, the Council had no very clear 
idea of the way in which it was to or- 
ganize; there were sevegal other groups 
of scientific men at work, among them, 
the Research Committee of the Amer- 
can Association for the Advancement 
of Science and the Engineering Com- 
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mittee of the Advisory Commission to 
the Council of National Defense. 


Time was spent in straightening out. 


these two principal complications, both 
of which were satisfactorily adjusted. 
The upshot of these negotiations is 


to leave the Research Council as the - 


only representative, national body of 
research men, assisting the Government. 

During the period up to May, the 
Executive Committee іп New York 
selected carefully the personnel of some 
twenty-five principal committees, and 
of a larger number of sub-committees; 
so carefully were these chosen that of 
the entire number, several hundred, 
there have been only one or two declina- 
tions. 

Some of the important steps in the 
development of the Research Council 
are the establishment of the Military 
Section, composed of the Members of 
the Council connected with the Govern- 
ment and resident in Washington. 
This Section put the Research Council 
into close contact with the most im- 
portant officials of the Army and Navy. 
From it has grown the Washington 
Office of the Council, and the recogni- 
tion of the Research Council as the 
"Department of Science and Research 
of the Council of National Defense; 
and the establishment of the Wash- 
ington Office after the Council of Na- 
tional Defense has officially recognized 
the Research Council. About this time 
Dr. Hale Chairman of the Council, ap- 
pointed Dr. Millikan to be Vice-Chair- 
man to represent the Council in 
Washington, and Dr. Millikan has 
since then been in charge of the work 
of the Council. 

At the request of the Secretary, 
Dr. Millikan has prepared a brief re- 
port of some of the work of the Re- 
search Council during its first year, 
which is appended to this report. It 
shows that the Research Council has 
been active in much of the important 
work under way in our preparations 
for war, and that it has rendered effec- 
tive services to the Government. 

During the early stages much dis- 
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cussion took place regarding the for- 
mation of an Engineering Committee 
of the Research Council,—how it 
should best be formed and what scope 
it should have. In April this was 
worked out by the Chairman, Mr. 
Dunn, most satisfactorily with the co- 
operation of the four principal Engi- 
neering Societies. This committee has 
since been one of the most active of 
the Research Council, under the effi- 
cient handling of Dr. Durand, who 
came on from California to act as 
head of the office in Washington and 
under whom work of the Engineering 
Committee has been conducted. Тһе 
work of the Secretary for the last few 
months has been principally with Dr. 
Durand and this Committee. 

The funds of the Engineering Founda- 
tion have been spent in general admin- 
istrative work, that 1$ to say, in the 
payment of traveling expenses, ex- 
penses of committees, stationery, print- 
ing, salaries, etc., of this office, prin- 
cipally. Money has not been spent 
directly in the solution of scientific prob- 
lems. 

There is appended a brief financial 
statement, showing the operation of 
the Foundation for the year resulting 
in a surplus of $4,775, which added to 
the surplus of $11,670 on 16 September 
1916, makes a surplus at this date 
$16,445. Against this the only liabil- 
ity is $1000; and the Foundation has 
in this office furniture and fittings 
costing $838. 

The Engineering Foundation at its 
meeting in January approved a budget 
for the year amounting to $12,510 for 
the Research Council; subsequently 
it authorized $400 more for furniture, in 
all $12,910. Тһе total amount dis- 
bursed on account of the Research 


Council to the 20 September 1917, is 


$10,445,—that is $2465 less than the 
amount appropriated. 

The Foundation, in July 1916, made 
an appropriation of $1000 to Messrs. 
Marx and Durand of California for 
researches on wear of gears. The 
Secretary has recently written to 
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Prof. Marx asking whether it would 
be possible, by the payment of expenses 
already incurred, to release the Founda- 
поп from subsequent expenses іп 
this matter. Ап answer was ге- 
quested by 20 September, but none 
has yet been received. Тһе Founda- 
tion may be released from the obliga- 
tion; but, for the present, it should be 
assumed that this $1000 is tied up, 
leaving available for other purposes of 
the Foundation a surplus of $15,445. 

The Engineering Foundation has 


been an important factor in the forma- . 


tion of the National Research 
Council and in the guidance of its 
early life. It is, I think, safe to say, 
had it not been for the assistance 
given by the Foundation to the Re- 
search Council, that when its opportu- 
nity came to be of service to the coun- 
try it would not have been ready to 
act, and would not have been author- 
ized as the ‘‘Department of Science 
and Research of the Council of National 
Defense." 

The Research Council no longer re- 
quires the -financial assistance of the 
Foundation, which is therefore free to 
devote its resources to other work. 

Faithfully, yours, 
Славу T. HUTCHINSON, 
Secretary, 


FINANCIAL STATEMENT ОЕ 
ENGINEERING FOUNDATION 
FOR THE YEAR 29 SEPTEMBER 
1916-1917 


EXPENDITURES 

Account Amount 
Salary of Secretary..... $5,000 
Traveling Expenses..... 930 
Current Office Expenses 

(ex Stationery)....... 2,133 
Office Furniture and Fit- . 

UNOS coss eaten Facies 
Stationery (N. Y. and 

Washington)......... 1,034 
Committee A ppropria- 


TOTAL EXPENDITURES...... $10,445 
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INCOME FOR THE YEAR 
From Securities (includ- 
ing bank interest).... 10,220 
Mr. Swasey's Gift....... 5,000 
TOTAL INCOME............. 15,220 
SuRPLus for the Year 
9% оп 16 September 1916. 4,775 


5 on 20 September 1917. 11,670 


16,445 
BUDGET 
Authorized for the Re- 
search Council....... 12,510 
Authorized additional 
(for furniture). ...... 400 
Total Budget........ 12,910 
Expenditures (above)... 10,445 
Remainder, not used.... 2,465 
THE ADAM’S FUND 
Gift of Mr. Adams...... 5,000 
Disbursements to 20 Sep- 
tember 1917......... 1,597 
BALANCE, 20 Septem- 
Бег 1917............. 3,403 
Сакү T. HUTCHINSON, 
Secretary. 


20 September 1917. 


RECIPROCAL RESOLUTIONS EXCHANGED 
BETWEEN THE ENGINEERING 
FOUNDATION AND NATIONAL 
RESEARCH COUNCIL. 


From the National Research Council 
to The Engineering Foundation. 


“Ав the year for which the cooperative arrange- 
ment was made between the Engineering Founda- 
tion and the National Research Council will soon 
expire, the Research Council wishes again to 
record its high appreciation of the liberal financial 
and personal assistance which the Foundation and 
its members have afforded in the organization and 
support of the work of the Council in this first 
year of existence. It seems exceedingly desirable 
to maintain close relations between engineers and 
research workers which the Research Council 
for the first time succeeded in establishing. 
Accordingly, the Council wishes to express the 
hope that it may be practicable to continue some 
effective form of cooperation between the two 
bodies and it would be glad to appoint representa- 
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tives to consider this matter with men designated 
by the Foundation.” 


From The Engineering Foundation to 
the National Research Council. 


"RESOLVED, That The Engineering Foundation 
receives with pleasure the resolution of the Na- 
tional Research Council expressing appreciation 
of the financial and personal assistance rendered 
to the organization and work of the Council dur- 
ing the past year. Reciprocating the Council's 
desire for the maintenance of close relations 
between workers in science and in engineering, 
the Foundation hereby declares that it will be its 
policy to continue the cooperation between the 
two bodies in all practicable ways that may be 
now, or may become, mutually available, such 
ways consisting of the interchange of helpful 
suggestions, advice, information, office represen- 
tation and similar facilities, and in addition a 
recognition of community of purpose that shall 
promote in the field of engineering research 
increasingly intimate relations between engineer- 
ing and science. | 

The reciprocal designation of the Secretary of 
each of the bodies as an assistant Secretary of the 
other for the purpose of enabling both bodies to 
have offices in both New York and Washington is 
favorably regarded, and the Foundation welcomes 
and gladly accepts the offered assistance of the 
Research Council in the national co-relation of 
the engineering research work of the Foundation 
to which the Foundation’s resources will be 
devoted.” 


DR. MILLIKAN'S LETTER 
Edited for publication. 
September 7, 1917. 
Dr. Cary T. HuTCHINSON, Secretary, 

The Engineering Foundation, 

33 West 39th Street, New York. 
Dear Dr. Hutchinson: 

The following is a statement of some 
of the work of the National Research 
Council, condensed with difficulty on 
account of the great variety and scope 
of the Council’s activities. 

All of the work of the Research Coun- 
cil that touches upon Army or Navy 
problems is carried on with the advice, 
co-operation or control, as the case may 
be; of the representatives of the various 
Départments of the Army or Navy 
under which such work comes. 

The Council has co-operated in the 
establishment and organization of the 
submarine experimental work at Nahant 
and has also established a very active 
submarine station at New London, 
another at San Pedro, California, and 
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has been instrumental in the organiza- 
tion of groups working at New York, 
Chicago, and Madison, Wisconsin. 

There has resulted a great practical 
advance in the art of submarine detct- 
tion which it is not desirable to go into 
further. 

Тһе Physics Committee of the Coun- 
cil has distributed to various groups 
twenty or more large problems in 
physics, which are being actively 
worked upon and some of which have 
already been solved. Among the latter 
are the location of aircraft by sound, 
the development of fire control for 
anti-aircraft guns, telephoning between 
airplanes, protection of balloons from 
ignition by static charges and the 
development of new and improved 
methods of measuring muzzle velocities. 

The Chief Officer of the Signal Corps 
of the Army has asked the Research 
Council to act as the Division of Science 
and Research of the Signal Corps, and 
in this capacity the Council has organ- 
ized a Sound Ranging Service in the 
Signal Corps, a new Meteorelogical 
Service in the Signal Corps, and is now 
drawing specifications for scientific 
instruments to be used on airplanes. 
It has sent a dozen of the best physicists 
in the country to France to aid the 
American Expeditionary Forces with 
their scientific knowledge and is select- 
ing a personnel of several hundred men 
who are to be engaged in the scientific 
services of the Army and Navy. 

The Chemistry Committee has per- 
fected an elaborate organization for the 
handling of all of the chemical problems 
which arise in the Army and in the 
Navy, and it has distributed some 150 
chemical problems. which are being 
attacked in the chemical laboratories 
of the country. 

The Psychology Committee has pre- 
sented to the Secretary of War and the 
Adjutant General a vast program for 
the selection of officers for the Army 
from officers’ reserve camps and for the 
classification of drafted men. In fact 
it has called in most of the best known 
psychologists of the country and has 
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organized them and employment ex- 
perts into a large group in whose hands 
the War Department has placed the 
largest responsibilities regarding the 
examination and selection of men. 

The Medical Committee has enlisted 
the services of a large number of medical 
men of the country both in medical 
research prohlems and in the regular 
work of the Sanitary Corps of the Army. 

The Engineering Committee has 
contributed in no small degree to the 
development of devices for the protec- 
tion of ships from submarines. It has 
organized a large group which are now 
working on the development of steel 
protective devices for use of the soldiers 
at the front, and through cooperation 
with the National Advisory Committee 
for Aeronautics it has carried on exten- 
sive and important researches in the 
development of airplanes and airplane 
engines. | 

Turning to the work of the special 
committees of the Council, the Nitrate 
Committee has made an elaborate study 
and report which has been made the 
basis for the expenditure by the govern- 
ment of large sums of money upon the 
erection of a nitrate plant. 

The Gas Warfare Committee has had 
for six months 120 chemists working 
on the problems of gas warfare and the 
results already attained have been of the 
utmost importance,—so important that 
the Army and Navy have placed large 
appropriations at the disposal of this 
Committee for its researches. 

The Optical Glass Committee, by 
taking from the research laboratories 
like the Geophysical Laboratory and 
the Bureau of Standards, a dozen 
more silicate chemists and putting 
them directly in the works of the 
Bausch and Lomb Company and the 
Pittsburgh Plate Glass Company, has 
in six months' time developed in 
America the production of optical glass 
from nothing up to 20,000 pounds a 
month and in two months more this 
figure will have been multiplied two or 
three fold. 

The Psychiatry Committee has estab- 
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lished abroad a Laboratory for the study 
of shell shock. 

The Foreign Service Committee, 
which the Council sent abroad at once 
upon the outbreak of the war, was 
wholly responsible for the sending back 
to this country of a French, English and 
Italian Scientific Mission, which brought 
with them the contributions which 
science had made to the war, both in the 
matter of instruments and methods, 
and unquestionably saved months of 
time in putting the United States 
abreast of the European situation, as 
regards modern scientific methods in 
warfare. It is difficult to overestimate 
the stimulus to American participation 
in the war which resulted directly from 
the action of the Research Council in 
sending abroad at once this Foreign 
Service Committee composed of seven 
of the best scientists in the country. 

These are a few of the results which 
have followed from the assistance which 
the Engineering Foundation gave in the 
bringing into being of the National 
Research Council. It is hoped that 
they are only a small part of the results 
which will have been attained by the 


end of the second year of its existence. 


Sincerely yours, 
К. А. MILLIKAN, 
Vice-Chairman. 


(Sgd.) 


A. I. E. E. MEETING IN PHILA- 
DELPHIA, OCTOBER 8, 1917 


The 333d. meeting of the Institute 
was held in Philadelphia in the Clover 
Room of the Bellevue-Stratford Hotel, 
in two sessions. The afternoon session | 
with an attendance of 176 was called 
to order 2:20 p. m. by Vice-President 
B. A. Behrend who after a few brief 
remarks turned the meeting over to 
Chairman L. T. Robinson. Dr. A. E. 
Kennelly read his paper, ‘‘Industrial 
Research and the Colleges." There 
was a lively discussion following the 
reading of the paper by Professor 
Karapetoff, Professor Gray, Dr. Sharp, 
Professor Slichter, and Professor Pen- 
der. Major F. B. Jewett being unable 
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to personally attend the meeting, Cap- 
tain E. B. Craft, of his staff, read his 
paper on "Industrial Research." 

This paper was discussed by Pro- 
fessor Karapetoff, Mr. L. F. More- 
house of the American Telephone & 
Telegraph Company, Professor Gray, 
and several others, Dr. A. E. Kennelly 
and Captain Craft closed the discussion. 
The meeting adjourned at 4:45 p. m. 

An informal dinner was served at 6:00 
p. m. in the Stratford Room of the 
Bellevue-Stratford Hotel. There were 
204 men present at the dinner, including 
several army and navy representatives 
from Camp Dix and the Philadelphia 
Navy Yard respectively. Mr. W. L. R. 
Emmet, member of the Naval Consult- 
ing Board addressed the members and 
guests following the dinner upon the 
subject of the engineers’ work in the 
present war, and the best means of 
presenting new suggestions to the 
authorities as at present constituted. 

The evening session with L. T. Robin- 
son presiding was called at 8:20 p. m. 
with 277 members and guests present. 
Mr. C. E. Skinner read his paper on 
"Industrial Research and Its Relation 
to University and Governmental Re- 
search." The discussion was opened 
by Senior Vice President, B. A. Behrend 
and was followed in rapid succession by 
Professor Karapetoff, Professor Gray, 
Professor Pender, Professor C. A. 
Adams, Professor C. F. Scott, Mr. 
Agnew, and others, the discussion 
being lively throughout.. Mr. C. E. 
Skinner closed the discussion. Before 
the meeting adjourned, Professor C. F. 
Scott made a formal motion that the 
Board of Directors of the Institute be 
requested to consider the advisability 
of the formation of a Committee on 
Research Work. This motion was put 
to a vote and was carried without any 
dissenting votes. 
who presided, and who kept the meeting 
in high good humor by his impromptu 
remarks and contributions to the dis- 
cussion, then adjourned the meeting, 
following a formal voicing by local 
Chairman N. Haywood of the deep 
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appreciation of the Philadelphia Sec- 
tion to the speakers and to all the visit- 
ing members who had taken the time 
to attend the Philadelphia meeting, and 
made it а successful and enjoyable 
affair. 

In addition to the technical sessions, 
the Board of Directors and the following 
committees also held meetings at the 
Bellevue-Stratford Hotel: Standards 
Committee, Meetings and Papers Com- 
mittee, Finance Committee, Electrical 
Machinery Committee, Power Stations 
Committee. 

The Board of Directors held its 
meeting at 11:00 a.m. and adjourned at 
1:00 p.m. The members were the 
guests of Dr. Harold Pender at luncheon. 
The Board held an adjourned meeting 
at 5:00 p.m., after the close of the 
technical session. 

The Meetings and Papers Committee 
held an adjourned meeting on Tuesday 
morning at 10:00 a.m. 


A. I. E. E. DIRECTORS’ MEETING, 
PHILADELPHIA, OCTOBER 8, 1917 


The regular monthly meeting of the 
Board of Directors was held at the 
Bellevue-Stratford Hotel, Philadelphia, 
on Monday, October 8, 1917, at 11:00 
a.m. 

There were present: Vice-Presidents 
B. A. Behrend, Boston, L. T. Robinson, 
Schenectady, А. S. McAllister, New 
York; Managers John В. Taylor, 
Schenectady, Harold Pender, Philadel- 
phia, C. E. Skinner, East Pittsburgh, 
М. A. Carle Newark, М. ]., C. S. 
Ruffner, St. Louis, Walter A. Hall, 
West Lynn, Wm. A. Del Mar, New 
York, Wilfred Sykes, East Pittsburgh; 
Treasurer George А. Hamilton, Eliza- 


beth, N. J., Secretary, F. L. Hutchin- 


son, New York. 
In the absence of President. Rice 
Senior Vice-President Behrend presided. 
The action of the Finance Committee 
in approving monthly bilis amounting 
to $7,771.75, was ratified. 
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The report of the Finance Committee 
submitting the annual budget covering 
the estimated expenditures of the 
Institute during the appropriation year 
beginning October 1, 1917, amounting 
to $118,000.00, was approved and the 
budget was adopted. 

The reports of the Board of Exam- 
iners of its meetings held September 17 
and October 1, were presented, and 
the actions taken at these meetings 
were approved. Upon the recommen- 
dation of the Board of Examiners the 
following action was taken upon pend- 
ing applications: 39 Students were 
ordered enrolled, 59 applicants were 
elected to the grade of Associate, 4 
applicants were elected to the grade of 
Member, 10 applicants were trans- 
ferred to the grade of Member, and 2 
applicants were transferred to the 
grade of Fellow. 

The Meetings and Papers Committee 
recommended that the remaining regu- 
lar monthly meetings for the present 
administrative year be held in New 
York, with the exception of one meet- 
ing to be held in Cleveland at a date 
to be decided later. Recommendation 
approved. 

Upon recommendation of the com- 
mittee it was voted that such regular 
monthly meetings as may be held 
outside New York City hereafter be 
held on the regular meeting day, 
namely, the second Friday of the 
month. 

A considerable amount of other 
business was transacted by the Board, 
reference to which will be found under 
appropriate headings in this and future 
issues of the PROCEEDINGS. 


THE WORK OF THE MEETINGS 
AND PAPERS COMMITTEE 


It is the privilege of the editor of the ' 


A. I. E. E. to attend and take part in 
the monthly meetings of the Meetings 
and Papers Committee, and it is be- 
lieved that a review of the proceedings 
at these meetings will be of interest to 
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the membership. The Committee held 
two sessions in Philadelphia last month, 
one on Monday morning, October 8, 
at which the question of meetings was 
considered, and its principal session on 
Tuesday, which was called to order at 
9:30 in the morning and continued 
without intermission until 2:00 p.m. 

The October and November meetings 
each year are the most important 
meetings of this Committee because the 
general outline of the activities for the 
coming year has to be decided early 
in the season in order that the work of 
arranging suitable programs for the 
coming meetings may be taken in hand 
promptly, and the necessary papers 
secured. This is an important fact for 
members of the Institute to keep in 
mind. Excellent suggestions in regard 
to meetings and papers have been made 
from time to time by the membership 
which the Committee has found un- 
available because its plans for the 
season were to far advanced to admit 
of alteration. 

The committee invites and welcomes 
suggestions from the membership as to 
ways and means of improving our 
meetings and publications, and the 
earlier such suggestions are received the 
more valuable they will be to the com- 
mittee in formulating the season's pro- 
gram. 


MEETINGS FOR 1917-18 


The location of the meetings for the 
coming season was discussed at con- 
siderable length at the October meeting 
of the Committee, and some diversity 
of opinion existed as to whether it was 
advisable for the Institute to continue 
the practise, inaugurated last year, of 
holding part of the regular monthly 
meetings outside of New York and part 
at the New York headquarters. "Thoce 
advocating holding all of the regular 
monthly meetings in New York based 
their contention upon the fact that it 
involved a rather heavy burden upon 
the Board of Directors and various 
committee members to travel long dis- 
tances to the meetings each month at 
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different cities, whereas New York is 
.the most readily accessible place in the 
country and a trip to New York for 
the Institute meetings can generally be 
combined with other business affairs. 
It was also thought by some that the 
large proportion of the membership 
exclusively engaged in military or civil 
work in connection with the war would 
make it difficult to organize meetings 
and secure satisfactory attendance 
outside of New York. 

On the other hand it was pointed out 
that the meetings outside of headquar- 
ters during the past season had been 
well attended and had attained greater 
enthusiasm and success than those held 
in New York. It was also suggested 
that the Institute being a national 
society, should by holding some of the 
regular meetings outside of New York 
give an opportunity for many members 
at local points to come into more direct 
contact with the Officers and Directors 
of the Institute and in this way further 
the work of the local sections. While 
no formal decision was reached on this 
matter it was tentatively arranged to. 
hold five meetings in New York and 
one meeting, exclusive of the Philadel- 
phia meeting and the Annual Conven- 
tion, in another city. 

A suggestion was made, which was 
received very favorably, that instead of 
holding meetings under the auspices of 
one Section, several adjacent Sections 
might cooperate in organizing an Insti- 
tute meeting to be held at a central point 
under the auspices of all the cooperating 
Sections. As there are many more 
Sections than there are regular monthly 
Institute meetings each year, this plan 
would give a maximum number of 
sections an opportunity to participate 
actively in regular Institute meetings. 


PAPERS FOR 1917-18 


The Committee had before it for 
consideration 17 manuscripts and 10 
proposed papers. Three of the manu- 
scripts which were approved by the 
technical committees to which they 
had been submitted were accepted; 
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three were rejected for various causes, 
and eleven were held in abeyance pend- 
ing further investigation by the tech- 
nical committees or revisions at the 
hands of the authors. In general, an 
offer to write а paper upon any subject 
can not be definitely acted upon by 
the committee, and proposals to write 
papers are almost always answered by 
an invitation to submit the manu- 
scripts, which will be judged upon their 
merits. 

The consideration and examination 
of manuscripts occupies a large share 
of the Committee's time and no one 
attending these meetings can fail to 
be impressed with the absolute fairness 
and impartiality with which every 
manuscript is considered. Generally 
speaking, every acceptable paper finds 
a place on the program sometime 
during the season, and the present 
policy of the committee is to print in 
the PROCEEDINGS, without presentation 
at a meeting, such acceptable papers as 
do not fit in well with the programs of 
the regular meetings or those which 
are likely to be only of interest to a 
small proportion of the membership. 

The selection of Institute papers is 
a problem presenting many perplexi- 
ties and grows increasingly difficult as 
the field of electrical engineering 
broadens. It is manifestly impossible, 
from a financial standpoint, to cover 
any special branch of electrical engi- 
neering thoroughly, but every effort 
is made to keep pace with all important 
advances in all branches of the industry. 
The Committee is, of course, limited in 
a large degree in its selection of papers 
to such manuscripts as are submitted 
to it, although it frequently solicits 
papers upon subjects that it considers 
will be of general interest. The 16 
technical committees cover practically 
every branch of electrical engineering 
and upon these committees rests the 
responsibility of procuring papers re- 
lating to their respective fields. A 
preponderance of papers on one subject 
or a lack of papers on another subject 
reflects, in general, either the activity 


1917] 


or lack of activity of the technical 
committees to which those subjects 
pertain. Тһе Meetings and Papers 
Committee earnestly desires to publish 
such papers as will be most useful and 
valuable to the membership, but in 
order to do so, such papers must be 
forthcoming from the membership. 
One of the most frequent criticisms 
made by the members of the committee 
is that many papers are too long and 
their value is reduced, to a degree, by 
the inclusion of an unnecessary amount 
of data and verbiage. A number of 
papers otherwise acceptable has been 
returned by the committee to the 
authors with the suggestion to condense 
them, sometimes as much as 50 per 
cent. Another class of papers which 
meets with considerable criticism is 
those mathematical papers which do 
not state in plain language either the 
problem involved, or the conclusions 
reached. Mathematical solutions are 
highly desirable in their proper place, 
but the committee believes that a plain 
statement of the subject, treatment, 
and conclusions deduced ‘should be 
made the principal feature of every 
paper, Often the mathematical solu- 
tion could preferably be included in an 


appendix. 
In conclusion, the Meetings and 
Papers Committee undoubtedly de- 


sires to publish such material as will be 
of the greatest interest and value to 
the membership, and in order to keep 
in touch with the requirements and 
wishes of the members it would wel- 
come constructive criticism and sug- 
gestions from them. In the final analy- 
sis, the value of the Institute publica- 
tions depends upon the interest and 
activity of all the membership. Тһе 
volume of our publications was mater- 
ially reduced last season due to the 
cancellation of several meetings and 
the unsettled conditions following the 
declaration of war, but it is planned to 
hold the usual number of meetings this 
season so that our publications will no 
doubt resume their usual proportions. 


— M 
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ILLUMINATING ENGINEERING 
SOCIETY MEETING 


The next meeting of the New York 
Section of the Illuminating Engineering 
Society will be held in the Engineering 
Building, 33 West 39th St., Thursday, 
Nov. 8, 1917 at 8 p.m. 

Two papers will be presented at this 
meeting of great interest to members of 
the A. I. E. E.: first, “Illuminating. 
Engineering as a Commercial Force," by 
a committee of the Lighting Sales 
Bureau of the М. E. L. А.; second, 
"Value of Illuminating Engineering to 


the Gas Industry," by Robert Pierce. 


ELECTRICAL ENGINEERS NOM- 
INATED FOR COMMISSIONS 
IN NAVY 


Under date of September 20, 1917, 
Rear-Admiral S. C. Palmer, Chief of 
Bureau of Navigation, U. S. Navy, 
addressed a letter to the President of 
the Institute, stating that the Secretary 
of the Navy had authorized the com- 
missioning of one hundred graduate 
electrical engineers as  Lieutenants, 
junior Grade, in the Reserve Force of 
the Navy; that three organizations, 
namely, the Naval Consulting Board, 
the National Research Council, and the 
A. I. E. E., were each requested to 
nominate eighty-five men possessing 
certain specified qualifications; and 
that from the total of two hundred 
fifty-five nom nations thus received а 
Navy Board would select the one hun- 
dred men to be commissioned. 

А conference of representatives of the 
three organizations mentioned above 
was held shortly after the receipt of 
Admiral Palmer's letter, and in ac- 
cordance with a decision made at this 
conference, a circular containing all 
necessary information was prepared 
and mailed to the entire membership of 
the Institute in the United States, in 
order that each member who desired to 
do so might have an opportunity to 
apply and that other members might 
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have an opportunity to recommend 
desirable candidates. ” 

At the meeting of the Board of Direc- 
tors of the Institute that was held in 
Philadelphia October 8, a committee of 
five members of the Board was appoint- 
ed to consider and act upon the appli- 
cations and nominations received by the 
Secretary. “- 

This committee, consisting of Messrs. 
H. W. Buck, chairman, A. S. McAllis- 
ter, L. T. Robinson, Wilfred Sykes, and 
John B. Taylor, met at Institute head- 
quarters October 16 and 17, considered 
the applications received, and trans- 
mitted eighty-five nominations on be- 
half of the Institute to Admiral Palmer 
under date of October 18. The Naval 
Consulting Board and the National 
Research Council also transmitted their 
nominations upon the same date. Ata 
conference of representatives of the 
three organizations concerned held 
October 18, it was decided that candi- 
dates or others desiring further informa- 
tion regarding their applications should 
be referred to the Navy Department at 
Washington. 

It is hoped that at a later date it will 
be possible to print in the PROCEEDINGS 
the entire list of the men who are finally 

commissioned. py 
= A considerable number of applica- 
tions was received, or was completed, 
after the committee had completed its 
report on the evening of Wednesday, 
October 17, and consequently were not 
considered by the committee. These 
applications will be held at Institute 
headquarters for consideration in con- 
nection with other opportunities for 
service that may be brought to the 
Institute’s attention by the authorities 
of the Army, Navy, or other department 
of the Government. 


GOVERNMENT SERVICE 


Electrical Engineers: The Signal 
Corps of the Army is in need of the 
services of electrical engineers, more 
particularly of those who have had 
radio-communication experience of 
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some kind. Тһе work is expected to 
consist of experimental trials of radio 
apparatus, in general laboratory work, 
and in the instruction of personnel in the 
use of new types of radio equipment. 

'Those who believe that their training 
or experience fit them for service of this 
character are requested to communicate 
with the Secretary of the Institute, 33 
West 39th St., New York, stating fully 
their education, experience and their 
exact present status in the draft. 

Electricians: Training schools for 
temporary specialists of the Coast 
Artillery Corps wil be opened about 
Nov. 19, 1917. Men who have had an 
electrical education equivalent to two 
years college work or who are thorough- 
ly familiar with electricity and elec- 
trical apparatus and are now proficient 
in mathematics should apply for this 
course. They will be fitted for Elec- 
trician Sergeants, 2d Class, who are 
charged with the. care, operation and 
repair of electrical installations at 
Coast Artilery posts, which include 
power plants, telephone systems, search- 
lights, gasoline engines, cable repairs, 
etc. The monthly rate of pay is $44.00 
for first enlistment, with promotion as 
vacancies occur to Electrician Sergeant, 
Ist Class at $51.00 per month; Engineer 
$71.00 per month, and Master Elec- 
trician at $81.00 per month. АЦ rates 
of pay are in addition to clothing, 
quarters, subsistence, and medical at- ; 
tendance. 

Applications should be sent as fol- 
lows: 

Persons residing in New England . 
States to Commanding Officer, North 
Atlantic Coast Artillery District, Bos- 
ton, Mass.; those in Middle Atlantic 
States to Commanding Officer, Middle 
Atlantic Coast Artillery District, Fort 
Totten, New York; those in Southern 
States to Commanding Officer, South 
Atlantic Coast Artillery District, 
Charleston, South Carolina. 

Mechanical Draftsman: The Ord- 
nance Department needs mechanical 
draftsman and, unless the situation is 
corrected, war preparations will be 
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seriously retarded. Ап intelligent in- 
vestigation will be made of the fitness 
of every volunteer and such volunteer 
given an immediate rating according to 
ability. 

At the request of the Ordnance De- 
partment, the National Civil Service 
Reform League, at 79 Wall St., New 
York City, is answering inquiries and 
will furnish application forms on re- 
quest. 


THE ENGINEERING COUNCIL 

The Engineering Council met on 
October 11th in the rooms of the Ameri- 
can Society of Mechanical Engineers, 
Engineering Societies Building, New 
York. 

The Rules Committee submitted a 
draft of rules for the admission of other 
societies to the Council and progress 
was made in their consideration. 

The Committee on Public Affairs re- 
ported on a number of requests that the 
Council support pending or proposed 


legislation. 
Remedial laws intended to promote 
hydroelectric development were fa- 


vored and Council voted to offer its 
cooperation to the United States 
Chamber of Commerce which is interest- 
ing itself in this matter. 

A movement to coordinate, unify 
and strengthen the work of various 
engineering committees cooperating 
with the federal authorities at Wash- 
ington was favorably considered. 
Messrs. H. W. Buck and Charles 


Whiting Baker were appointed Council . 


conferees. 


FUTURE SECTION MEETINGS. 


Baltimore.—November 9th, 1917. 
Subject: Military Aeronautics. 
Chicago.—November 25, 1917. Sub- 
ject: Engineering Data for the Deter- 
mination of an Electric Rate Problem. 
Speaker: Bert H. Peck. 
Cleveland.—November 19, 1917. 


Subject: Lighting, Its Use in Warfare. 
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Pittsburgh.—November 13, 1017. 
Subject: Electric Arc Welding. 
Speaker: A. M. Candy. 


December 8, 1917. Annual Banquet. 


PAST SECTION MEETINGS. 


Milwaukee.—October 3, 1917, Lec- 
ture Hall, Public Museum. Illustrated 
lecture by Mr. C. L. Lucas on "Making 
of High-Explosive Howitzer Shells.” 
Attendance 1000. 

Panama.—September 9, 1917, Cris- 


tobal, C. Z. Address by Lieut. Е. L. · 


Vanderkloot, U. S. М. on "''Sub- 
marines." Attendance 27. 

September 30, 1917, Pedro Miguel. 
Paper: "Automatic Railway Signals" 
by E. C. McDonald. Attendance 24. 

Pittsburgh.—September 11, 1917, 
Union Arcade. Subject: What the 
Institute Does for the Engineer. Speak- 
ers: Messrs. Dudley, Welch, Chubb, 
Hanker and Kirker. Attendance 72. 

October 9, 1917, Union Arcade. 
Papers: (1) ‘‘Effect of Drum Shape on 
Motor Rotary of Shaft Hoists” by F. L. 
Stone; (2) ''Storage Battery Mine 
Locomotives” Бу J. С. Carroll. Attend- 
ance 120. 

San Francisco.— September 28, 1917, 
Engineers Club. Papers: (1) “Сіу- 
Шап Engineer and the War" by John 
D. Galloway; (2) "Engineering Prob- 
lems of the War" by Frank Rieber. 
Attendance 105. 

Schenectady.— October 5, 1917, Edi- 
son Club Hall. Address by Dr. Charles 
Alexander Richmond оп “Тһе Higher 
Law of Efficiency." Attendance 220. 

Toledo.— September 26, 1917, Build- 
ers Exchange. Illustrated lecture by 
Mr. John Gilmartin on "Electrical 
Characteristics in Circuits Supplying 
Arc Furnaces." Attendance 32. 

Toronto.— September 21, 1917. En- 
gineer's Club. Moving pictures show- 
ing hydroelectric developments in Can- 
ada. Тһе Chairman, Mr. Wills Mac- 
lachlan, made a short address covering 
some interesting figures relating to the 
uses of Water Power in Canada. 
Attendance 60. 
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have an opportunity to recommend 
desirable candidates. ” 

At the meeting of the Board of Direc- 
tors of the Institute that was held in 
Philadelphia October 8, a committee of 
five members of the Board was appoint- 
ed to consider and act upon the appli- 
cations and nominations received by the 
secretary. ж. 

This committee, consisting of Messrs. 
H. W. Buck, chairman, A. S. McAllis- 
ter, L. T. Robinson, Wilfred Sykes, and 
John B. Taylor, met at Institute head- 
quarters October 16 and 17, considered 
the applications received, and trans- 
mitted eighty-five nominations on be- 
half of the Institute to Admiral Palmer 
under date of October 18. The Naval 
Consulting Board and the National 
Research Council also transmitted their 
nominations upon the same date. Ata 
conference of representatives of the 
three organizations concerned held 
October 18, it was decided that candi- 
dates or others desiring further informa- 
tion regarding their applications should 
be referred to the Navy Department at 
Washington. 

It is hoped that at a later date it will 
be possible to print in the PROCEEDINGS 
the entire list of the men who are finally 

commissioned. E» 
= А considerable number of applica- 
tions was received, or was completed, 
after the committee had completed its 
report on the evening of Wednesday, 
October 17, and consequently were not 
considered by the committee. These 
applications will be held at Institute 
headquarters for consideration in con- 
nection with other opportunities for 
service that may be brought to the 
Institute's attention by the authorities 
of the Army, Navy, or other department 
of the Government. 


GOVERNMENT SERVICE 


Electrical Engineers: Тһе Signal 
Corps of the Army is in need of the 
services of electrical engineers, more 
particularly of those who have had 
radio-communication experience of 
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some kind. Тһе work is expected to 
consist of experimental trials of radio 
apparatus, in general laboratory work, 
and in the instruction of personnel in the 
use of new types of radio equipment. 

Those who believe that their training 
or experience fit them for service of this 
character are requested to communicate 
with the Secretary of the Institute, 33 
West 39th St., New York, stating fully 
their education, experience and their 
exact present status in the draft. 

Electricians: Training schools for 
temporary specialists of the Coast 
Artillery Corps will be opened about 
Nov. 19, 1917. Men who have had an 
electrical education equivalent to two 
years college work or who are thorough- 
ly familiar with electricity and elec- 
trical apparatus and are now proficient 
in mathematics should apply for this 
course. They will be fitted for Elec- 
trician Sergeants, 2d Class, who аге 
charged with the care, operation and 
repair of electrical installations at 
Coast Artillery posts, which include 
power plants, telephone systems, search- 
lights, gasoline engines, cable repairs, 
etc. The monthly rate of pay is $44.00 
for first enlistment, with promotion as 
vacancies occur to Electrician Sergeant, 
1st Class at $51.00 per month; Engineer 
$71.00 per month, and Master Elec- 
trician at $81.00 per month. АП rates 
of pay are in addition to clothing, 
quarters, subsistence, and medical at- : 
tendance. 

Applications should be sent as fol- 
lows: 

Persons residing in New England 
States to Commanding Officer, North 
Atlantic Coast Artillery District, Bos- 
ton, Mass.; those in Middle Atlantic 
States to Commanding Officer, Middle 
Atlantic Coast Artillery District, Fort 
Totten, New York; those in Southern 
States to Commanding Officer, South 
Atlantic Coast Artillery District, 
Charleston, South Carolina. 

Mechanical Draftsman: The Ord- 
nance Department needs mechanical 
draftsman and, unless the situation is 
corrected, war preparations will be 
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seriously retarded. An intelligent in- 
vestigation will be made of the fitness 
of every volunteer and such volunteer 
given an immediate rating according to 
ability. 

At the request of the Ordnance De- 
partment, the National Civil Service 
Reform League, at 79 Wall St., New 
York City, is answering inquiries and 
will furnish application forms on re- 
quest. 


THE ENGINEERING COUNCIL 


The Engineering Council met on 
October 11th in the rooms of the Ameri- 
can Society of Mechanical Engineers, 
Engineering Societies Building, New 
York. 

The Rules Committee submitted a 
draft of rules for the admission of other 
societies to the Council and progress 
was made in their consideration. 

The Committee on Public Affairs re- 
ported on a number of requests that the 
Council support pending or proposed 
legislation. 

Remedial laws intended to promote 
hydroelectric development were fa- 
vored and Council voted to offer its 
cooperation to the United States 
Chamber of Commerce which is interest- 
ing itself in this matter. 

A movement to coordinate, unify 
and strengthen the work of various 
engineering committees cooperating 
with the federal authorities at Wash- 
ington was favorably considered. 
Messrs. H. W. Buck and Charles 


Whiting Baker were appointed Council . 


conferees. ; 


FUTURE SECTION MEETINGS. 


Baltimore.—November 9th, 
Subject: Military Aeronautics. 

Chicago.— November 25, 1917. Sub- 
ject: Engineering Data for the Deter- 
mination of an Electric Rate Problem. 
Speaker: Bert H. Peck. 

Cleveland.—November 19, 1917. 
Subject: Lighting, Its Use in Warfare. 
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Pittsburgh.—November 13, 1917. 
Subject: Electric Arc Welding. 
Speaker: A. M. Candy. 


December 8, 1917. Annual Banquet. 


PAST SECTION MEETINGS. 


Milwaukee.—October 3, 1917, Lec- 
ture Hall, Public Museum. Illustrated 
lecture by Mr. C. L. Lucas on “Making 
of High-Explosive Howitzer Shells.” 
Attendance 1000. 

Panama.—September 9, 1917, Cris- 
tobal, C. Z. Address by Lieut. E. L. 
Vanderkloot, U. S. N., on “Sub- 
marines." Attendance 27. 

September 30, 1917, Pedro Miguel. 
Paper: “Automatic Railway Signals” 
by E. C. McDonald. Attendance 24. 

Pittsburgh.—September 11, 1917, 
Union Arcade. Subject: What the 
Institute Does for the Engineer. Speak- 
ers: Messrs. Dudley, Welch, Chubb, 
Hanker and Kirker. Attendance 72. 

October 9, 1917, Union Arcade. 
Papers: (1) "Effect of Drum Shape on 
Motor Rotary of Shaft Hoists” by Е. L. 
Stone; (2) “Storage Battery Mine 
Locomotives” by J. С. Carroll. Attend- 
ance 120. 

San Francisco.— September 28, 1917, 
Engineers Club. Papers: (1) “Сіз- 
Шап Engineer and the War" by John 
D. Galloway; (2) ‘‘Engineering Prob- 
lems of the Маг" by Frank Rieber. 
Attendance 105. 

Schenectady.— October 5, 1917, Edi- 
son Club Hall. Address by Dr. Charles 
Alexander Richmond оп “Тһе Higher 
Law of Efficiency." Attendance 220. 

Toledo.— September 26, 1917, Build- 
ers Exchange. Illustrated lecture by 
Mr. John Gilmartin on “Electrical 
Characteristics in Circuits Supplying 
Arc Furnaces.” Attendance 32. 

Toronto.—September 21, 1917. En- 
gineer's Club. Moving pictures show- 
ing hydroelectric developments in Can- 
ada. Тһе Chairman, Mr. Wills Mac- 
lachlan, made a short address covering 
some interesting figures relating to the 
uses of Water Power in Canada. 
Attendance 60. 
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PAST BRANCH MEETINGS. 


University of Arkansas.—October 15, 
1917. Officers were elected as follows: 
President, E. P. O'Neal; vice-president, 
H. H. Robinson; secretary-treasurer, 
J. C. Douthit. Attendance 12. 

Armour Institute.—October 10, 1917, 
Lecture Room. Election of Mr. Ralph 
A. Newlander as chairman, to take the 
place of Mr. E. A. Moore who did not 
return to Armour. Address by Prof. 
E. E. Freeman on “Тһе Advantages of 
Students becoming Affiliated with a 
Student Branch of the A. I. E. E." 
Attendance 16. 

University of California.— September 
19, 1917. Election of officers as follows: 
А. J. Swank, chairman; W. C. Pomeroy, 
vice-chairman; С. Е. Teale, secretary; 
M. L. Frandy, treasurer. 

Clarkson College of Technology.— 
October 3, 1917. Election of officers as 
follows: R. H. Hoyt, chairman; E. S. 
Parks, secretary; A. F. Allen, treasurer. 

October 17, 1917. Address by Pro- 
fessor Paul Cloke on “Summer Work 
with Mr. Lamme in the Teachers’ Sum- 
mer School at Westinghouse." At- 
tendance 13. 

University of Colorado.—September 
20, 1917, Engineering Building. Е1ес- 
tion of Mr. E. A. Thomas as vice-chair- 
man. Address by Prof. H. B. Dwight 
on "The Purpose, and Advantages to 
Students of the A. I. E. E." Attend- 
ance 40. 

October 4, 1917. Engineering Build- 
ing. Address by Mr. Shepherd on “Тһе 
Application of Electricity to the Sepa- 
ration of Minerals by the Oil Flotation 
Process." Attendance 30. 


Colorado State Agricultural College. 


—October 9, 1917, Electrical Building. 
Electrical Show and demonstration 
meeting. Attendance 55. 

Kansas State Agricultural College.— 
September 13, 1917, Anderson Hall. 
Address by Dean A. A. Potter on 
"Opportunities for the Engineer." Joint 
meeting with other engineering societies. 
Attendance 350. 

september 20, 1917. Denison Hall. 
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Subject: Summer Experiences. Speak- 
ers; Messrs. M. A. Durland, Homer 
Cross, Morton Stigers, L. G. Alford, 
and С. В. Witham. Attendance 31. 
September 27, 1917. Anderson Hall. 
Address by Dr. J. D. Walters on ''Dis- 
coveries and Inventions." Joint meet- 
ing with other engineering societies. 
Attendance 350. 
Lafayette College.—October 6, 1917, 
Pardee Hall. Paper: ''The Induction 
Motor as a Generator" by Wm. L. 
Lipps. Abstracts from electrical press 
by Harry C. Hartung on "The Illum- 
ination of the Panama-Pacific Exposi- 


tion." Attendance 18. 
October 18, 1917, Pardee Hall. 
Papers: (1) “Тһе Motor Requirements 


іп the Manufacture of Silk" by W. S. 
Williams. (2) “Тһе Electrical Equip- 
ment of the Reynold-Terrel Silk Co.” 
by Н.С. Е. Richter. Attendance 16. 

Massachusetts Institute of Tech- 
nology.—October 4, 1917. Addresses 
on 'Advantages of Affiliation with the 
A. I. E. E." Attendance 128. 

University of Michigan.—October 10, 
1917. Address by Prof. J. C. Parker on 
“The Engineer's Work and His Duties 
to Society." Brief remarks by Mr. 
Cannon on “Тһе Students' Relation to 
the Institute." Attendance 25. 

University of Nebraska.—October 10, 
1917, Electrical Engineering Building. 
Short talks by Prof. V. L. Hollister and 
Oskar E. Edison on “Тһе Purpose of 
the Institute and the Organization of 
the Local Branch." Illustrated ad- 
dress by Mr. A. A. Kluge on ''Wireless 
Telegraphy with Particular Reference 
to Its Use in the Present War." Elec- 
tion of officers as follows: Chairman, 
Olin J. Ferguson; secretary, Oskar E. 
Edison. Attendance 56. 

Ohio Northern University.—Septem- 
ber 26, 1917. Temporary officers were 
elected as follows: Chairman, W. F. 
Parsons; secretary, A. J. Ferlic; treas- 
urer, А. Alholm; executive committee, 
J. E. Hawe, R. E. Long, W. E. Ward, 
L. D. Beatty. Address by Prof. 
McEachron on ''The Object of and 
Benefits of the A. I. E. E." 
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October 10, 1917. Addresses as fol- 
lows: (1) ''The Submarine" by A. 
Alholm; (2) ‘‘British Workshops and 
the War" by R. E. Long. Attendance 
25. | 


Ohio State University.—October 5, 
1917, Robinson Laboratory. Short 
talk by Prof. F. C. Caldwell to new men. 
Addresses on '" Summer Experiences" 
by Messrs. С. E. Park, А. P. Grasser, 
H. Lockett, and C. E. Winegartner. 
Attendance 31. 


University. of Oklahoma.— October 9, 
1917. | Engineering Building. Ad- 
dresses as follows: (1) ‘‘Electrical 
Engineering in the War" by L. F. 
Woods; (2) “Hello Oklahoma” by Е. С. 
Tappan; (3) "Vacation Education" by 
Ben. Е. Shultz; (4) “Тһе National 
А. І. E. E." by Г. W. №. Morrow. 
Attendance 24. | 


Syracuse — University.— October 4, 
1917. Election of officers as follows: 
Chairman, H. F. Buchanan; secretary, 
G. J. Lowell; Address by Mr. J. R. 
Busteed on “Тһе Power Station of the 
United Electric Light and Power Com- 
pany of New York City." 

October 11, 1917. Mr. C. F. Swartz 
spoke on ‘‘Experiences with the Gen- 
eral Electric Company." 


Virginia Polytechnic Institute.—Oc- 
tober 9, 1917, Science Hall. Election 
of officers as follows: Chairman, Bax- 
ter McIntosh; secretary-treasurer, J. A. 
Carr; executive committee, Messrs. 
L. E. Henley, E. S. Smithson, H. H. 
Frith, C. Lee, L. S. Randolph and $5. В. 
Pritchard. 


Yale University.—September 28, 1917 
Enrollment of new members. 


ASSOCIATES ELECTED OCTOBER 
| 8, 1917 
ALLEN, Lewis C., Sales Engineer, 
Fairbanks Morse & Co.; res., 1005 
19th St., Parkersburg, W. Va. 
ANDERSON, CLARENCE AUBREY, Man- 


ager, Branch Office, Canadian Gen- 
eral Electric Co., Sydney, М. 5. 
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ANTHONY, RoBERT H., New England 
Representative, R. Thomas & Sons 
Co., 261 Franklin St., Boston, Mass. 

BEALL, JOHN COLLIER, American Tel- 
ephone & Telegraph Co.; res., 653 
Piedmont Ave., Atlanta, Ga. 

BINNEY, Eric A., Electrical Engineer, 
Wagner Electric Mfg. Co.; res., 5225 
Page Blvd., St. Louis, Mo. 

Воск, ANDREW MARSDEN , Power House 
Operator, Surf Inlet Power Co., Ltd., 
Surf Inlet, B. C. 

CHANDLER, WILFRED WARREN, Engi- 
neering Dept., Blackstone Valley Gas 
& Electric Co., Pawtucket, R. I.; 
res., Foxboro, Mass. ; 

COLEMAN, J. EMiLEÉ, Efficiency Engi- 
neer, Mergenthaler Lynotype Co., 
Brooklyn, М. Y.; res., 15 Rector РІ., 
Red Bank, М. ]. 

Connor, ROBERT A., Elec. Engineer & 
Manager, Thordarson Electric Mfg. 
Co.; res., 3512 West Monroe St., 
Chicago, Ill. 

Eaton, Raymon Manson, Chief Elec- 
trician, Okonite Co.; res., 144 Sher- 
man St., Passaic, N. J. 

*FEDER, JOSEPH Brown, Test Dept., 
New York Edison Co., 92 Vandam 
St., New York, N. Y.; res., 35 N. 
Walnut St., E. Orange, N. J. 

FIELDING, CHARLES Howarp, Chief 
Electrician, Hess Steel Corp., Station 
O; res., 2830 E. Madison St., Balti- 
more, Md. 


FISKE, GEORGE Isaac, Engineer, Chor- 
alcelo Co., Boston; res., 11 Wyoming 
St., Roxbury, Mass. 


GARBUTT, Harry LEE, Manager, Line 
Material Section, Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 


GiBsoN, FAIRLEY JAMES, Assistant 
Superintendent, Station J. Philadel- 
phia Electric Co., Delaware & 
Robbins St., Philladelphia, Pa. 


GROFF, VERNON RUPERT, Electrician, 
Pennsylvania Water & Power Co., 
- Holtwood; res., 246 Pine St., Steelton, 
Pa. 

*HALL, NELSON, Designing Engineer, 
Fisher Electrical Works; гез., 153 
HowardlSt., Detroit, Mich. 
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Harris, JOHN BAKER, Jr., Sales Engi- 
neer, Pittsburgh Transformer Co.; 
гез., 101 S. Harrison Ave., Bellevue, 
Pittsburgh, Pa. 

HEALY, EDWIN S., Resident Engineer, 
Pacific Power & Light Co., Portland, 
Ore. 

HENDERSON, ROBERT Moss, Electri- 
cian, National Pipe & Foundry Co., 
Attalla; res., 2720 Hanover Circle, 
Birmingham, Ala. 

JARRETT, LE GRAND, Engineer in charge 
Life Test Dept., Westinghouse Lamp 
Co., Bloomfield, N. J. 

KicHLU, Комт BEHARI, Ford Motor 
Co.; res., 140 Avalon Ave., Highland 
Park, Mich. 

Kuso, Кемісні, Assistant Engineer, 
Inawashiro Hydro Electric Power 
Co., Tokyo; res., Odera, Fuku- 
shimaken, Japan. 

Levy, KARL, Manager, Panama Tele- 
phone Co., Colon, R. P. 

LOPEZ, JOAQUIN ANTHONY, Superin- 
tendent, Electrical Dept., United 
Fruit Co., Banes (Oriente), Cuba. 


Lyons, EDWARD J., Power Inspector 
and Engineer, Central Illinois Light 
Co., Peoria, Ill. 

McLaAuGcGHLIN, CHARLES FINLEY, Elec- 
trical Engineer and General Inspec- 
tor, Arkansas Actuarial Bureau; res., 
902 S. Scott St., Little Rock, Ark. 


MONTEITH, VICTOR ST. CLAIR, Com- 
mercial Engineering, C. H. Spangles 
Electric Co.; res., 21 Jonathan Ave., 
Hagerstown, Md. 


| Моок, SAMUEL E., St. Louis Rep., 
Mississippi River Power Co.; res., 
5667 Von Versen Ave., St. Louis, Mo. 


МоомкЕ, CORNELIS, Manager, Naam- 
looze Vennootschap, Provinciale Ut- 
rechtsche Electriciteits Maaschappy, 
Brigittenstraat 20, Utrecht, Holland. 

PERSONS, LAWRENCE MARSTON, Engi- 
neer, Reynolds Electric Co., 420 5. 
Talman Ave., Chicago, Ill. 


PEYINGHAUS, ROBERT, Chief Electrician, 
Wilt Twist Drill Co.; res., 376 Argyle 
Rd., Walkerville, Ont. 
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PFLAUM, RAYMOND )., Draughtsman, 
Engineering Dept., Anaconda Copper 
Mining Co.; гез. 518 Maple St., 
Anaconda, Mont. 

PIERCE, CHARLES A., Electrical Con- 
tractor, 143 Normal Ave.; гез., 106 
Normal Ave., Buffalo, N. Y. 

RODGERS, CHARLES, Engineer, Siemens 
Bros. Dynamo Works Ltd., Palace 
Place Mansions, Kensington Court, 
London, W. 8, England. 

ROHDE, ARNO A., Electrical Engineer, 
Lehigh Portland Cement Co., Metal- 
ine Falls, Wash. 

SCHENCK, SAMUEL B., Railway Engg. 
Division, Westinghouse Elec. & Mfg. 
Co., Е.. Pittsburgh;res., 711 Mill St., 
Wilkinsburg, Pa. 

SCHWARTZ, WILLIAM B., Division Plant 
Engineer’s Office, American Tel. & 
Tel. Co., 1422 Hurt Bldg., Atlanta, 
Ga. 

SHRADER, WILLIAM M., Chief Elec- 
trician, Standard Aniline Products 
Inc., Wappingers Falls, N. Y. 

SLEPIAN, JOSEPH, Research Engineer- 
ing, Westinghouse Electric & Mfg. 
Co., East Pittsburgh; res., 7945 
Madeira St., Wilkinsburg, Pa. 

SMITH, HERBERT EDWARD, Foreman, 
Service Dept., Connell-McKone Co., 
109 Brookline Ave., Boston, Mass. 

SPENCER, BuRT KELLOGG, Sargent & 
Lundy; res., 1814 W. 108th Place, 
Chicago, Ill. 

STANNARD, JAY L., Consulting Civil 
Engineer, 504 Selling Bldg.; res.. 415 
E. 17th St. N., Portland, Ore. 

STRICKLAND, А. L., City Electrician, 
Municipal Electric Power & Light 
Dept., City Hall, Ashland, Ore. 

TIFFANY, W. ERNEST, Chief Inspector, 
Division Telegraphs & Telephones, 
Public Service Commission, 58 N. 
Pearl St., Albany, N. Y. 

VoGEL, HAROLD F., Gas Analyst, New 
Merchant Mills, Bethlehem Steel Co.; 
res., 1005 Delaware Ave., S. Beth- 
lehem, Pa. 

WALKER, ERNEST T., Electrician, Na- 
tional Electrical Supply Со.; res., 
1315 Delafield Pl. N. W., Washington, 
D. C. 
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WALKER, WALTER JENNINGS, Com- 
mercial Engineer, General Electric Co. ; 
res., 6 Backus St., Schenectady, N. Y. 

WARDEN, RALPH Мокросн, Electrician, 
Electrical Dept., E. I. du Pont & 
Co., City Point, Va. 

Weiss, JOSEPH, Meter Dept., New York 
Edison Co., 140th St. & Rider Ave., 
New York; res, 49 India St., 
Brooklyn, М. Y. | 

*WisE, LYLE D., Electrician, Fort Mills 
Electric Railway, Fort Mills, Cor- 
regidor Island, P. I. 

Woop, BERTRAM, Electrical Engineer, 
Electrolytic Zinc Co. of Australia, 
Ltd., Hobart, Tasmania. 

Work, LEONARD, Electrical and Me- 
chanical Engineer, 562 Bourse Bldg., 
Philadelphia, Pa. 

WorRALL, Robert H., Engineering 
Dept., Marconi Wireless Telegraph 
Co.; res., 121 2nd Ave. East, Roselle, 
М. ]. 

*WRIGHT, JOHN Ермакр, Manager, 
Lincoln County Light & Power Co., 
Carrizozo, New Mex. 

Total 55. 

*Former enrolled Students. 


ASSOCIATES REELECTED 
OCTOBER 8, 1917 


BoNNARJEE, B. C., Harrison Road 
Post, Calcutta, India. 

Hooker, Duncan C., Assistant Elec- 
trical Engineer, Johns-Pratt Со., 
Hartford; res., Farmington, Conn. 

SLOCUM, WINTHROP WALLACE, Man- 
ager, Gainaday Elec. Store, Pitts- 
burgh Gage & Supply Co.; res., 1212 
Wightman St., Pittsburgh, Pa. 
SNYDER, FREDERICK Тітсомв, Presi- 
dent, Electric Furnace Corp. 53 
Jackson Blvd., Chicago; res., Oak 
Park, Ill. 


MEMBERS ELECTED OCTOBER 8, 
1917 


ALBRECHT, GEORGE Moritz, First 
Assistant Examiner, U. S. Patent 
Office; гез., 1116 Monroe St. М. W., 
Washington, D. C. 
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FRERET, А. L., Electrical Engineer, 
Tennessee Coal, Iron & Railroad Co., 


Birmingham; res., 501 40th St., 
Ensley, Ala. 

Рил.ото, JAMES J., Division Plant 
Engineer, American Telephone & 


Telegraph Co., 212 W. Washington 
St., Chicago, Ill. 

STRYKER, BURDETT, General Superin- 
tendent of Plant, Bell Telephone Co. 
of Репп., 1631 Arch St.; гез., 5501 
Wayne Ave., Philadelphia, Pa. 


RECOMMENDED FOR TRANSFER 

The Board of Examiners, at its regu- 
lar monthly meeting, held on October 1, 
1917, recommended the following mem- 
bers of the Institute for transfer to the 
grade of membership indicated. Any 
objection to these transfers should be 
filed at once with the Secretary. 


To Grade of Fellow 
Lyon, Jesse D., Consulting Engineer, 
Cincinnati, O. 


To Grade of Member 

DuFFY, FRANK J., General Foreman, 
Electrical Dept., D. L. & W. R. R, 
Scranton, Pa. 

EMBREE, CLAYTON J., Office Engineer, 
Panama Canal, Balboa Heights, C. Z. 

FULLER, LEONARD FRANKLIN, Chief 
Electrical Engineer, Federal Tele- 
graph Co., San Francisco, Cal. 


TRANSFERRED TO THE GRADE 
OF FELLOW OCTOBER 8, 1917 


BLiss, WILLIAM Lorp, Chief Engineer, 
U. S. Light & Heat Corp., Niagara 
Falls, N. Y. 

McGOVvERN, WILLIAM R., Chief Engi- 
neer, Central Group of Bell Tele- 
phone Cos., Chicago, Ill. 

TRANSFERRED TO THE GRADE 
OF MEMBER OCTOBER 8, 1917 

AGEE, Howarp H., Engineer, D. C. & 
W m. B. Jackson, Philadelphia, Pa. 

ARTHUR, WiLLiAM, Electric Railway 
Engineer, New Haven, Conn. | 
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CHAPMAN, А. Р., Supt. Power & Re- 
pairs, Ludlow Manufacturing Asso- 
ciates, Ludlow, Mass. 

CRYDER, Ross W., Superintendent, 
Lighting & Power Div., Porto Rico 
Railway, Light & Power Co., San 
Juan, Porto Rico. 

DEAN, HAROLD C., Assistant to Presi- 
dent, New York & Queens Electric 
Light & Power Co., Long Island City, 
N. Y. 

DRABELLE, JOHN MITCHELL, Electrical 
Engineer, Iowa Railway & Light Co., 
Cedar Rapids, Ia. 

Носн, Отто F., Engineer, with A. C. 
Wood, Philadelphia, Pa. 

Marx, ROLAND G., Electrical Engineer, 
Palo Alto, Cal. 

Rees, Harry P., Instructor in Power 
Plant Practice, Wentworth Institute, 
Boston, Mass. 

ROSENBLATT, GIRARD B., Engineer іп 
Charge, Mining Div., Westinghouse 
Electric & Mfg. Co., Salt Lake City, 
Utah. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for admission to a higher grade 
than Associate, the grade follows im- 
mediately after the name. Any mem- 
ber objecting to the election of any of 
these candidates should so inform the 
Secretary before November 30, 1917. 


Allen, H. V., (Member), New York, 
N. Y. 

Bailey, J. B. Lafayette, Ind. 

Bennison, L. C., Waddamana, 
mania 

Beyer, J. W. Pullman, Wash. 

Broughall, G., (Member), London, Eng- 
land. 

Carman, E. H., Jr., Atlanta, Ga. 

Clarke, C. J., New York, N. Y. 

Clarke, H. O., Jr., (Member), Houston, 
Tex. 


Tas- 
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Clifton, H. E., Schenectady, N. Y. 

Cornelius, C. C., St. Louis, Mo. 

Coxe, F. E., Burlington, N. C. 

Critchfield, R. M., Pittsburgh, Pa. 

Cunha, M. R. de F., Manchester, Eng- 
land 

Curtis, L. M., Rugby, England 

Davis, G. E., Schenectady, N. Y. 

Dickson, F. C., Tampa, Fla. 

Dodge, H. F., New York, N. Y. 

Donoghue, J. E. (Member), 
Australia 

Doolittle, Е. М., New Haven, Conn. 

Dustin, C., Latouche, Alaska 

Eltringham, ЕВ. L. (Member), 
Francisco, Cal. 

Evans, G. H., Waddamana, Tasmania 

Gledhill, Т. W., Newark М. ]. 

Harvey, E., New York, N. Y. 

Helm, E. G., Martinburg, W. Va. 

Hoadley, G. L., (Member), Chicago, Ill. 

Howard, T. W., Schenectady, N. Y. 

Kappeyne, J., (Member), Washington, 
D. С. 

Levering К. W., Lafayette, Ind. 

Lloyd, R. M. (Member), New York,N.Y. 

Mac Lachlan, A., Detroit, Mich. 

Massey, M. F., Washington, D. C. 

McRae, W. R. (Member), Toronto, Ont. 

Metzger, G. C., Somerset, Wis. 

Moas, B., Jr., Havana, Cuba 

Nagashio, H., Tokyo, Japan 

Nelson, J. R., Springville, Cal. 

Nordstrom, J. F., Philadelphia, Pa. 

Nugent, H. M., Yonkers, N. Y. 

O'Connell, J., Jr., Camp Mead, Ма. 

Ousler, G. W. Pittsburgh, Pa. 

Perry, E. B., Boston, Mass. 

Perry, A. M. (Member), New York,N.Y. 

Prins, P., Baltimore, Md. 

Rayner, D. D., Wolverhampton, Eng- 
land 

Robinson, R. B., Duquesne, Pa. 

Rogers, C. E., Montreal, Que. 

Shipman, C. F., New York, N. Y. 

Silberzveig, L., Barcelona, Spain 

Simpson, E. L., Ft. Wayne, Ind. 

Soi, M. R., Delhi, India 

Spraragen, W., Stillwater, Okla. 

St. Clair, B. W., West Lynn, Mass. 

Stockle, E. R. (Member), Milwaukee, 
Wis. 

Testard, P., Hollinwood, England 


Sidney, 


San 
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Utley, T. M., Superior, Wyo. 

Wellhouse, F. J. (Member), Boston, 
Mass. 

Werner, H. G., Philadelphia, Pa. 

Williamson, J., Detroit, Mich. 

Wilson, K. B., Chicago, Ill. 

Wolcott, H. L., Nobel, Ont. 

Wootton, T. W., Waddamana, Tas- 
mania 

Wright, E. A. (Member), Bluefields, 
Nicaragua 

Total 63 


STUDENTS ENROLLED OCTOBER 
8, 1917 


9126 Widell, B. A., Stanford University 

9127 Spilman, J. M., N. Y. Elec. School 

9128 Glover, C., N. Y., Elec. School 

9129 Lehr, G., Jr., Penn. State College 

9130 Derr, P. J. F., Penn. State College 

9131 Billig, H. A., Penn. State College 

9132 Bandelier, G.E., Okla.A. & M.Coll. 

: 9133 Eastom, F., Univ. of Colorado 

9134 Mechling, E. B.,Univ. of Colorado 

9135 Vincent, J. T., Univ. of Colorado 

9136 Tomlinson, C. M., Penn. State 
College 

9137 Milcke, A. W., Yale University 

9138 Nevitt, G. P., Yale University 

9139 Long, R. E., Ohio Northern Univ. 

9140 Pike, N., Throop Coll. of Tech. 

9141 Alholm, A., Ohio Northern Univ. 

9142 Ferlic, A. J., Ohio Northern Univ. 

9143 Hipsher, M. F., Ohio Northern 
Univ. 

9144 Brace, G. R., Ohio Northern Univ. 

9145 Andres, P. M., Univ. of Kentucky 

9146 Adkins, W. K., Univ. of Kentucky 

9147 Brittain, J. A., Univ. of Ky. 

9148 Cooper, J. W., Univ. of Ky. 

9149 Davis, R. M., Univ. of Ky. 

9150 Dearborn, E. R., Univ. of Ky. 

9151 Ellis, D. R., Univ. of Ky. 

9152 Goosman, K. W., Univ. of Ky. 

9153 Hedges, J. M., Jr., Univ. of Ky. 

9154 Henry, H. M., Univ. of Ky. 

9155 Jackson, G. L., Univ. of Ky. 

9156 Maddox, J. D., Univ. of Ky. 

9157 McCormick, C. E., Univ. of Ky. 

9158 McDougle, W. D., Univ. of Ky. 

9159 Milward, H. L., Univ. of Ky. 

9160 Nicholoff, C., Univ. of Ky. 
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9161 Parks, H.. Univ. of Ky. 

9162 Peak, T. E., Univ. of Ky. 

9163 Russell, B. B., Univ. of Ky. 

9164 Costelloe, W. H., Mass. Inst. Tech. 
Total 39. 


ADDRESSES WANTED 


Any reader knowing the present ad- 
dress of any of the following members is 
requested to communicate with the 
Secretary at 33 West 39th Street. 


Harry H. Blades 
(former address) 
70—12th St. South, 
Minneapolis, Minn. 

Charles H. Feige 
(former address) 

149 West 74th St., 
New York, N. Y. 

William F. Gauss 
(former address) 
5510 Ellsworth Ave., 
Pittsburgh, Pa. 

Sydney J. Hurd 
(former address) 
4433 Prairie Ave., 
Chicago, Ill. 

Wm. P. Lewis 
(former address) 
Cohoes Elec. Power Co. 
Cohoes, N. Y. 

Milan S. Mitrovitch 
(former address) 
Union Powder Co. 
Parlin, N. J. 

Douglas R. Moffatt 
(former address) 

774 Coplin Ave., 
Detroit, Mich. 

Sulpen Sully 
(former address) 
1723 East Boulevard, 
El Paso, Texas 

Ernest A. Thiele 
(former address) 

25 Faber St., 
Port Richmond, N. Y. 

C. A. Thomsen 
(former address) 
Tri-State College, 
Angola, Ind. 
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PERSONAL 


J. H. BARKER for eight years Man- 
ager and Sales Manager of the New 
York office of the Diehl Manufacturing 
Co. is now representing the Roth Bros. 
& Company of Chicago and has opened 
an office at 95 Liberty St., New York. 


Ray К. HorLAND, formerly with 
Gardner S. Williams, Consulting En- 
gineer, is now associated with the firm 
of Holland, Ackerman & Holland, Con- 
sulting Engineers, who have opened 
offices ш Ann Arbor, Michigan and 
Chicago, Illinois. 


L. О. VESER, who for the past two 
and one-half years has been Electrical 
Superintendent of the Aluminum Co. of 
America and the St. Lawrence River 
Power Co. at Massina, N. Y., has 
resigned to accept a position on the 
engineering staff of the Electric Bond 
and Share Co., 71 Broadway, New York. 


H. H. BARTER, engineer and technical 
director of the Triangle Film Corpora- 
tion plant at Culver City, Cal, has 
accepted a call to one of the most re- 
sponsible executive positions in the 
American International Shipbuilding 
Corporation of Philadelphia, which is 
the active agent for the United States 
Shipping Board Emergency Fleet Cor- 
poration. 


PROFESSOR JOHN Fay WILSON has 
accepted the position of Associate Pro- 
fessor of Electrical Engineering at the 
University of Southern California in 
Los Angeles. Professor Wilson occu- 
pied for five years a similar position at 
the University of Michigan, and during 
the past year at Queens University, 
Kingston, Canada. He is the author 
of ‘‘Essentials of Electrical Engineering” 
and “Dynamo Laboratory Outlines”. 


H. S. HALEv, member of the firm of 
Leland and Haley, Consulting Mechani- 
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cal and Electrical Engineers, of 58 
Sutter St., San Francisco, Cal., is at 
present at the Llewellyn Iron Works, 
Los Angeles, in the interest of the U. S. 
Shipping Board Emergency Fleet Cor- 
poration, on one of the largest marine 
engines and boilers contract placed on 
the Pacific coast. Mr. Haley still 
retains his interest in the firm of Leland 
and Haley. 


LiEUTENANT WARNER H. PEBERDY, 
of the Royal Naval Air Service, an 
Associate of the Institute, and formerly 
with the Electric Bond and Share Co., 
New York, is reported killed in Mesa- 
potamia. 

Lieutenant Peberdy was sent out to 
wreck some bridges near Bagdad and 
did not return. He knew that the ser- 
vice was hazardous, as he wrote a fare- 
well letter before setting out. 


ARTHUR WILLIAMS, General Com- 
mercial Manager of the New York 
Edison Company, was appointed Fed- 
eral Food Administrator for New York 
City on October 24. He will work in 
close cooperation with the various 
committees and commissions and the 
Federal agent for the State in the solv- 
ing the food problems of this city. Mr. 
Williams up to the present has been 
Chairman of the U. S. Food Adminis- 
tration campaign to enlist New York 
women as aids to the Food Adminis- 
trator. 

Mr. Williams has been decorated by 
France as an officer of L'Instruction 
Republique and by the King of Spain, 
who made him а Knight of St. Isabel. 
During the Spanish-American war he 
served as an officer in charge of mine 
laying in New York Harbor. He isa 
Fellow of the A. I. E. E., Past President 
of the М. E. L. A., the Association of 
Corporation Schools, the Association of 
Edison Illuminating Companies, the 
Electric Vehicle Association of America 
and the New York Electrical Society. 
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OBITUARY 


PERCY L. Совв, electrical engineer, 
connected with the Interstate Com- 
merce Commission, Division of Valua- 
tion of Railroads, Washington, D. С., 
died on Oct. 11, 1917. Mr. Cobb was a 
graduate of Stevens Institute of Tech- 
nology and had served with both the 
Pennsylvania and the N. Y. W. & 
B. R. R. He was an associate in the 
А. I. E. E. 


JoHN К. RoBINSON, electrical en- 
gineer, for many years representative of 
the Westinghouse Electric Export Com- 
pany on the western coast of South 
America, died suddenly at his summer 
home at Naples, Maine, on Sept. 7, 
1917. Mr. Robinson, born in Chicago 
April 3, 1866, was a graduate of the 
Boston Institute of Technology and had 
attained the grade of Fellow in the 
A. I. E. E. 


DR. EUGENE Е. ROEBER, editor of 
Metallurgical and Chemical Engineer- 
ing, and one of the founders of the 
American  Electro-Chemical Society 
died on October 18, 1917 at his home in 
East Orange, N. J. Mr. Roeber was 
born in Pergau, Germany in 1867 and 
came to this country in 1804. He wasa 
member of the American Institute of 
Mining Engineers, the American Chem- 
ical Society, the American Institute of 
Chemical Engineering, the Society of 


INSTITUTE AFFAIRS 


281 


Chemical Industry, the Chemist's Club 
and the A. I. E. E. 


Mr. Какі, Von Квосн, Consulting 
Electrical Engineer of the firm of 
Nissen & Von Krogh Christiania, 
Norway was recently killed in Sweden 
while conducting an overspeed test on 
a generator. The machine exploded. 

Mr. Von Krogh was born in 1876 in 
Norway and received his early educa- 
tion thereandin Germany. In 1900 he 
entered the employ of the British 
Schuckert Electric Co., London, and 
shortly afterwards went with Siemens 
& Halske, Berlin. In 1902 he under- 
took experimental work for the Allge- 
meine Electricitats Gesellschaft. In 
1904 he became Engineer with the 
British Westinghouse Co., of Man- 
chester with whom he held successively 
many important positions. 

Mr. Von Krogh was chairman of the 
sub-committee on standardization of 
the Norwegian National Committee of 
the International Electrotechnical Com- 
mission, and while in the United States 
in October 1916 he accepted an invita- 
tion from the Institute's Standards 
Committee to attend its meeting in 
Philadelphia and give the committee 
the benefit of his suggestions and 
criticisms of the standardization rules, 
which were then being revised. 

Mr. Von Krogh became an Associate 
of the Institute on October 8, 1909, 
and was transferred from the grade of 
Associate to the grade of Fellow on 
May 18, 1917. 
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ACCESSIONS TO THE UNITED ENGINEERING SOCIETY LIBRARY 
(From September 9 to October 1, 1917) 
Unless otherwise specified, books in this list have been presented by the publish- 


ers. The Society does not assume responsibility for any statements made. 


'These 


are taken either from the preface or the text of the book. 
All the books listed may be consulted in the United Engineering Society Library. 


BusiNEss LAW FOR ENGINEERS. 

By C. Frank Allen. Part I, Elements 
of Law for Engineers, Part II Contract 
Letting. N. Y., McGraw-Hill Book 
Co., Inc.; Lond., Hill Publishing Co., 
Ltd., 1917. 431 pp., 9x6 in., cloth, $3. 


The purpose of the book is to give the engineer 
a sufficient understanding of important funda- 
mental features of law, so that he may have 
some idea of when or how to act himself and 
when to seek expert advice. 

The author has had experience as a civil engi- 
neer and has also practised law. 


BUSINESS STATISTICS. 

Edited by Melvin T. Copeland. 
Cambridge, Harvard University Press; 
Lond., Humphrey Milford, Oxford 
University Press, 1917. 124-696 pp., 
3 diagrams, 9x6 in., cloth, $3.75. 


A collection of articles on the subject, illus- 
trating the methods of collecting and presenting 
the statistics used іп mercantile and manufac- 
turing businesses, and the use made of them, 
prepared primarily for purposes of instruction in 
the Harvard Graduate School of Business Ad- 
ministration. Contents: Statistical Methods; 
Statistical Indices of Business Conditions; Sales 
and Advertising Statistics; Factory Statistics; 
Statistics for the Chief Executive. 


CORPORATE ORGANIZATION AND MAN- 
AGEMENT. 
By Thomas Conyngton. Revised by 
H. Potter. N. Y., The Ronald Press Co., 
1917. 26-778 pp., 9x6 in., cloth, $5. 


А combination of the author's former books, 
"Corporate Management," and ‘‘Corporate Or- 
ganization”, in which duplicated. material has 
been deleted and the remaining matter thor- 
oughly modernized. Intended to furnish a 
convenient manual of corporation law and pro- 
cedure for lawyers, corporation officials and 
business men. 


EXAMINATION OF WATER. | 

Chemical and Bacteriological. Ву 
Willam P. Mason. 5th ed. rev. М. 
Y., John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd., 1917. 186 pp., 
9 illus., 7 pl., 8x5 in., cloth, $1.25. 


Various methods given in former editions have 
been replaced by others more suited to ‘modern 
practise, and the analytical methods have been 
harmonized with the recommendations of the 
1917 report of the American Public Health Asso- 
ciation. | 


ELECTRICAL MACHINERY. 

Principles, Operation and Manage- 
ment. By Terrell Croft. N. Y., Mc- 
Graw-Hill Book Co., Inc.; Lond., Hill 
Publishing Co., Ltd., 1917. 318 рр., 
302 illus., 8x6 in., cloth, $2. 


Тһе author believes that there are certain 
things which the average man should know and 
that these may be presented without employing 
difficult mathematics. Іп his book he has tried 
to explain the theoretical principles, operation 
and management of electric generators, motors, 
etc., in a way which will be useful to those 
engaged in practical electrical work. 


HISTORY OF TRANSPORTATION IN THE 
UNITED STATES BEFORE 1860. 
Prepared under the direction of Bal- 

thasar Henry Meyer by Caroline E. 

MacGill and a staff of collaborators. 

Washington, Carnegie Institution, 1917. 

11+678 pp., 6 maps, 10x7 in., paper, 

$6.50. 


The Division of Transportation in the Depart- 
ment of Economics and Sociology of the Car- 
negie Institute of Washington presents this study 
of early American roads, railroads and waterways 
as a contribution to American economic history, 
not as a completed study. An extensive bib- 
liography is included, as well as colored maps 
showing the railroads in 1840, 1850 and 1860, 
present and abandoned canals, and the navigable 
rivers. 


Is CIVILIZATION A DISEASE? 

By Stanton Coit. Bost. and N. Y., 
Houghton Mifflin Co.; The Riverside 
Press, Cambridge; 1917. 136 pp., 
7x5 in., cloth, (gift of the University of 
California Press). 


One of a series of essays on various phases of 
the moral law in its bearing on business life under 


-the new economic order, delivered at the Uni- 


versity of California and known as the Barbara 
Weinstock Lectures on the Morals of Trade. 
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MILITARY PREPAREDNESS 

ENGINEER. 

A Handbook for the Civilian Engineer 
By Ernest F. Robinson. 2d ed. N. 
Y. The Clark Book Co., 1917. 244 
+361 pp., 132 illus., 7x4 in., leather, $2. 


Written to place before the engineers of Amer- 
ica as accurate an idea as possible of the oppor- 
tunities and limitations that will confront the 
civilian engineer who is called to the colors, and 
to present the salient points of military engineer- 
ing in the language with which he is familiar. 

This edition has been revised in the light of 
recent European experience, and considerable 
new matter has been added on field fortifications, 
wire entanglements, and the organization of 
captured positions. 


AND THE 


MODERN MACHINE SHOP. 

Construction, Equipment and Man- 
agement. A Comprehensive and Prac- 
tical Treatise on the Economical Build- 
ing, the Efficient Equipment and 
Successful Management of the Modern 
Machine Shop and Manufacturing 
Establishment. A work for the archi- 
tect, engineer, manufacturer, director, 
officer, accountant, superintendent and 
foreman. By Oscar E. Perrigo. 2d 
ed. rev. and enl. N. Y., The Norman 
W. Henley Publishing Co., 1917. 384 
pp. 219 illus., 9x6 in., cloth, $5. 


Four new chapters have been added, treating 
of new developments in shop management. 
These deal with methods of increasing the effi- 
ciency of men and machines, with the relation 
of the overhead burden to the flat cost and with 
manufacturing cost systems. 


OFFICIAL AUTOMOBILE BLUE Book 

1917. 

Standard Road Guide of America. 
Volume A, New York City and the 
Metropolitan District Embracing a 
Radius of 100 Miles from Columbus 
Circle. М. Y., Chicago, San Francisco, 
The Automobile Blue Book Publishing 
Co.; (copyright 1917) 624 pp., illus. 
1 map, 9x5 in., leather, $3. 

The Blue Books cover the entire United States 
and Southern Canada in eleven volumes (see 
insert between pages 160 and 161). They tell 
you where to go and how to get there, giving com- 
plete maps of every motor road, running direc- 
tions at every fork and turn, with mileages. All 
points cf local or historical interest, state motor 
laws, hotel and garage accommodations, ferry and 


Steamship schedules and rates. А veritable 
motorist’s encyclopedia. 


INSTITUTE AFFAIRS 


283 


PARALLEL TABLES OF SLOPES AND 
RISEs. 


In Combination with Diagrams of 
Slopes and Rises and Other Tables for 
Bridge and Structural Engineers, Drafts- 
men, Checkers, Templet Makers, Build- 
ers, and Vocational Schools. By Con- 
stantine К. Smoley. М. Y. and Lond., 
McGraw-Hill Book Co., 1917. 34 +380 
pp., 33 illus., 8 pl., 7x5 in., leather, $4.00 


Essentia!ly an extension of Smoley’s ''Tables'"', 
this book consists of reprints from that volume, 
together with tables of slopes and rises.  Differs 
from the former work, which is in the nature of a 
general calculator, in beiag concerned only with 
the solution of rigbt triangles when one side and 
the bevel of the hypothenuse are known. Enables 
the calculator readily to determine the dimen- 
sions and bevels of the members of a structure, 
and also to lav out the joints and determine the 


dimensions of the material. 
e 


PRACTICAL WIRELESS TELEGRAPHY. 


A Complete Text Book for Students 
of Radio Communication. By Elmer 
E. Bucher. N. Y., Wireless Press, Inc., 
(copyright 1917) 322 pp., 323 illus., 
9x6 in., cloth, $1.50. 


After an exposition of those fundamentals of 
electricity which the telegraphist should know, 
the book describes the circuits of practical wire- 
less sets and explains the basic principles of the 
apparatus associated with them. The author has 
chosen for description that apparatus which 1$ 
most widely in commercial use. 


RESEARCHES OF THE DEPARTMENT OF 
TERRESTRIAL MAGNETISM, VOLUME 
III. OCEAN MAGNETIC OBSERVATIONS 
1905-1916. 


and Reports on Special Researches. 
By L. A. Bauer with the collaboration of 
W. Т. Peters, J. A. Fleming, J. P. Ault, 
and W. F. G. Swann. Washington, 
Carnegie Institution of Washington, 
1917. 447 pp., 11x9 in., paper, $10. 


This volume presents the final results of the 
observations made aboard the Galilee and the 
Carnegie during the period designated. The 
special reports relate to atmospheric-electric 
observations, and to some discussions of the 
ocean magnetic work. The book is the third of 
the series of ‘‘Researches of the Department of 
Terrestrial Magnetism’’ published by the Carnegie 
Institution, the former two volumes of which 
treated of land magnetic observation. 
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TEXT-BOOK OF THE MATERIALS OF 

ENGINEERING. 

By Herbert Е. Moore. М. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 10 +204 
pp., 69 illus., 1 pl., 9x6 in., cloth $2. 


A concise presentation of the physical proper- 
ties of the common materials used in structures 
and machines, accompanied by brief descriptions 
of their manufacture and fabrication. Distinctly 
elementary in character. References to sources 
of additional information are included in each 
chapter. 


THE COMPOSITION OF TECHNICAL PA- 

PERS. 

By Homer Andrew Watt. N. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 13 
+431 pp., 41 illus., 8x5 in., cloth, $1.50. 


A systematic text-book of English composition, 
intended to prepare the engineering student to 
write successfully such papers as his vocation 
will demand of hin. Includes numerous ex- 
amples of descriptive articles, expositions of 
processes and ideas, reports and letters. 


THE ELECTRON. 

Its Isolation and Measurement and 
the Determination of Some of its Prop- 
erties. By Robert Andrew Millikan. 
Chicago, The University of Chicago 
Press, (copyright 1917) 12+261 pp., 33 
illus., 8x5 in., cloth, $1.50. 


Written to present the evidence for the atomic 
structure of electricity, to describe some of the 
most significant properties of the elementary 
electrical unit and to discuss the bearing of these 
properties on the structure of the atom and the 
nature of electromagnetic radiation. Based on 
the author's researches in the Ryerson Laboratory 
but includes a review of the work of former and 
contemporary investigators. 


THE FLviNc Book 1917. 

Edited by М. L. Wade. М. Y. and 
Lond., Longmans, Green and Со., 
Lond., The Aviation World Publishing 
Co., Ltd., 1917. 291 pp., 165 illus., 
6 pl., 9x6 in., boards, $1.25. 


Divided into three parts. Part one includes a 
number of brief articles on the design, control 
and use of airplanes and engines; the present 
flight records and alphabetical lists, with sil- 
houettes and brief descriptions of engines, air- 
planes of today and airplanes of historic interest. 
Part two contains directories of aeronautical 
societies and of British, American, French and 
Italian firms; and a biographical dictionary of 
aviators and manufacturers. Part three, on 
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military and naval aviation, includes the British 
honor list for 1916; a record of the work of 
the Zeppelin and a diary of the events of 1916; 
a list of aeronautical publications, a glossary of 
terms and various tables complete this handbook. 


THE PRINCIPLES OF [вом FOUNDING. 

By Richard Moldenke. N. Y., Mc- 
Graw-Hill Book Co., Inc.; Lond., Hill 
Publishing Co., Ltd., 1917. 10+517 pp., 
45 illus., 9x6 in., cloth, $4. * 


A study of the principles underlying all the 
processes involved in the art of iron-founding, 
and an attempt to elucidate them, in the light 
of present metallurgical knowledge. Contents: 
Introduction; Industrial Status cf the Foundry; 
Foundry Organization; Outline of Iron Metal- 
lurgy; Outline of Iron- Making Processes; Prop- 
perties of Cast Iron; Classification of Castings; 
Foundry Raw Materials; The Technology of 
Combustion; Melting Processes; Mixture-Mak- 
ing; Testing of Cast Iron; Glossary of Foundry 
Terms; Appendix. 


THEORY AND CALCULATIONS OF ELEC- 
TRICAL APPARATUS. 


By Charles Proteus Steinmetz. М. 
Y., McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 22-480 
pp., 227 illus., 9x6 in., cloth, $4. 


Discusses the most important characteristics 
of the numerous apparatus which have been 
devised and have found their place in the theory 
of electrical engineering. Тһе work 15 а contin- 
uation, or rather a part of, the author's ‘‘Theory 
and Calculation of Alternating-Current Phe- 
nomena". Тһе matter appearing in earlier 
editions of that work has now been expanded and 
distributed into three volumes: ''Alternating- 
Current Phenomena”, “Electric Circuits” and 
"Electrical Apparatus”. Contents: Speed Con- 
trol of Induction Motors; Multiple Squirrel-Cage 
Induction Motor; Concatenation; Induction 
Motor with Secondary Excitation; Single-Phase 
Induction Motor; Induction Motor Regulation 
and Stability; Higher Harmonics in Induction 
Motors; Synchronizing Induction Motors; Syn- 
chronous Induction Motor; Hysteresis Motor; 
Rotary-Terminal Single-Phase Induction Motors; 
Frequency Converter or General Alternating- 
Current Transformer; Synchronous Induction 
Generator; Phase Conversion and Single-Phase 
Generation; Synchronous Rectifiers; Reaction 
Machines; Inductor Machines; Surging or Syn- 
chronous Motors; Alternating-Current Motors in 
General; Single-Phase Commutator Motors; 
Regulating Pole Converter; Unipolar Machines; 
Review; Conclusion. 


TIMBER FRAMING. 


By Henry D. Dewell. San Francisco, 
Dewey Publishing Co., 1917. 275 pp., 


1917] 


112 illus., 9x6 in., cloth, $2. (gift of the- 


Mining and Scientific Press) 

Presents the result of eleven years' experience 
in the design and superintendence of timber con- 
struction. Intended to supplement standard 
text-books on the subject by bringing into cor- 
relation the drafting-room design and the require- 
ments of the field. Originally appeared in 
"Western Engineering” but has been revised and 
enlarged. 


UTILIZATION OF PYRITE OCCURRING IN 
ILLINOIS BITUMINOUS COAL. 
University of Illinois Bulletin, vol. 14, 

no. 51, August 20th, 1917. By E. A. 

Holbrook. Urbana, University of Il- 

linois, 1917. 46 pp., 14 fig., 9x6 in., 

paper 20 cents. 


This pamphlet, which is circular no. 5 of the 
Engineering Experiment Station, is an outline 
of laboratory experiments performed on a com- 
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mercial scale in the mining laboratory of the 
University with a view to developing a simple 
process for the economic recovery of the pyrite 
occurring with this coal and now commonly re- 
jected as worthless. Plans of a suitable plant 
and estimates of its construction and operating 
costs are given, together with a description of the 
tests which lead to its design. Тһе author is 
convinced that the process is commercially 
feasible. 


У/нАТ A GEOLOGIST CAN Do IN WAR. 


Prepared by R. A. F. Penrose, Jr. for 
the Geological Committee of the Na- 
tional Research Council. Philadelphia, 
J. B. Lippincott Co., 1917. 28 pp., 
6x4 in., cloth, (gift of the author) 

Suggests the services which he can render in 
the selection of camp sites, ground for artillery 


positions, trench and tunnel locations, and other 
military operations. 


EMPLOYMENT BULLETIN 


Vacancies 


The Institute is glad to learn of desirable vacancies from responsible 


sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 
Note.— Copy for publication in the BULLETIN should reach the Secretary’s office 
not later than the 20th of the month if publication in the following issue is de- 
sired. АП replies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 


V-281. Wanted: Foreman to take full 
charge of testing, repairing and ex- 
amining division of electrical depart- 
ment of concern of high repute in the 
east. Possibilities for advancement 
depend strictly upon the man's ability 
to handle the work entrusted in his care. 
Please give details of experience, na- 
tionality, salary expected, etc. 


V-282. Electrical engineer, with ex- 
репепсе in designing transformers for 
all kinds of work, such as power, furnace 
precipitation, testing, X-ray, etc. Give 
details of experience and salary desired. 

V-283. Draftsman, original designer 
capable of taking initiative in the design 
of high tension electrical power trans- 
mission and sub-station work. 32,000 
volts. Location, mining district central 
Canada. Salary $190. рег month. 
When replying confine statement of 


experience to this particular line and be 
specific. State age, nationality and if 
married or single. 


V-284. Electrical Draftsman wanted, 
experienced with central station and 
transformer sub-station layouts. State 
full qualifications. Good working con- 
ditions and future promise. 


У-285. Several positions open with 
the development department of a grow- 
ing corporation, handling electrical 
precipitation processes. Тһе work calls | 
for technical graduates, preferably elec- 
trical, with three or four years ex- 
perience, resourceful and able to carry 
on original work, which will be done in 
the vicinity of New York City. In 
auswering give full information as to 
age, education, experience and salary 
desired. 


V-286. Young technical graduate in 
electrical engineering who wishes to 
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follow partly commercial rather than 
wholly technical lines is wanted by one 
of the most successful manufacturing 
companies in its branch of the electrical 
industry (not machinery). Must pos- 
sess initiative, energy, thoroughness, 
reliability, as development and advance- 
ment of the individual w:ll depend upon 
these qualities. 


V-287. Opportunity for several young 
technically trained теп, preferably 
with some practical experience, with 
public service commission of New 
York. Salary about $90. per month to 
start. Please give particulars as to 
training, age and experience. 


V-288. A private school in the 
middle west has an opening for pro- 
fessorship in mechanical engineering. 
Exceptional opportunities for advance- 
ment. Salary dependent on experience 
and ability of applicant. Investment in 
institution desirable but not essential. 
Give full information and references 
relating to character, education and 
teaching experience. 


V-289. Electrical Draftsman wanted, 
familiar with factory power distribution 
and power setting layout. Good position 
for capable man. Call or write, stating 
experience, whether married or single, 
age and salary desired in first letter. 


V—290. Wanted, three technical grad- 


uates for steam engineering and 
general testing. Headquarters Pitts- 
burgh. Work covers steel mills in 


Pennsylvania, Ohio, West Virginia and 
Indiana. 


V-291. Wanted: Electrical drafts- 
man for six or eight weeks work. Lo- 
cation New York. 


V-292. Wanted: Technical graduates 
with several years practical electrical 
engineering experience of some kind to 
act as instructors for recruits for Signal 
Corps. Duties to be (a) to examine 
the men in electrical subjects; (b) to 
give laboratory instruction to small 
groups in the laboratory; (c) to assist 
in planning and organizing the course 
of instruction. 


One of these vacancies requires a 
technical graduate who has specialized 
in wireless work and who has had a 
few years experience in some of its 
applications, to assume general charge 
of laboratory apparatus as regards its 
maintenance, attending to repairs, or- 
dering new equipment, etc. Will be 
required to give class-room instruction 
onlv, but practical knowledge and ex- 
perience are essential, as well as theo- 
retical. Persons interested in either of 
these positions are requested to com- 
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municate at once with: J. R. Benton, 


Dean of the College of Engineering, 
University of Florida, Gainesville, Fla., 
giving brief statement of education, 
experience, names of references, how 
soon available, and salary desired. 


У-293. Draftsman with sufficient ex- 
perience to enable him to lay out 
machinery in new plants, including the 
making of drawings covering electric 
light and power systems. Permanent 
position in Engineering Department. 
Prefer man with chemical plant ex- 
perience, or who has done drafting for 
consulting engineer. State qualifications 
and past experience fully. Applicant 
must be in possession of technical 
training. Salary $1300. to start. Lo- 
cation southern Ohio. 


V-294. Power Superintendent is need- 
ed to take charge of a power plant near 
New York City, consisting of 2600 
B. H. P. of stoker-fired B. and W. 
boilers burning anthracite; 2500 B. H. 
P. of and W. waste heat boilers; 
15 Prime movers, steam turbines and 
Corliss engines, up to 1500 I. H. P. 
driving D. C. generators and air com- 


pressors. State nationality, age, edu- 
cation, experience in full, and salary 
expected. 


MEN AVAILABLE 


842. Electrical and mechanical engi- 
neer, technically educated, age 32, 
married, desires connection with in- 
dustrial firm where ability and service 
will insure advancement. Twelve years’ 
experience in design, construction and 
operation of public utility and industrial 
power plants and in equipment of 
merchant steamships. Present position, 
chief engineer for large mining company. 


843. Electrical Engineer, technical 
education, ten years experience in 
power station and sub-station design 
and construction, and large light and 
power installation, desires responsible 
position in design, field or consulting 
work. At present employed but 
available at short notice. 


844. Electrical Engineer desires to 
locate in Michigan or Wisconsin. Col- 
lege course, machine shop and foundry 
apprenticeship with well known engine 
works, one year as plant operator, 
15, 000 kv-a. units, four years superin- 
tendent of power plants and construc- 
tion in Iowa. Now holding responsible 
position іп Chicago. 

845. Technical electrical. graduate 
(1916). General Electric test experience, 
is in position to devote 15 to 20 hours a 
week to any work, outside of business 
hours. Am capable of doing thorough 
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and clean-cut work. Here is the op- 
portunity to have that work done in the 
nght way. 

846. Graduate Electrical Mechanical 
Engineer. Теп years broad successful 
experience with large railroad and 
manufacturers, construction, operation 
and maintenance power plants, and 
power application. Can produce results 
measured in loyalty, good will, and 
dollars and cents for progressive con- 
cern. Salary $4500. Available after 
30 days notice to present employer. 


847. Electrical-Mechanical Engineer, 
experienced in power plant construction 
and operation, construction and mainte- 
nance of transmission systems, and 
general industrial applications of elec- 
tric power. At present in charge of 
public utility operating steam electric 
power plant and high tension distribu- 
tion. Salary $2200. Married. 


848. Industrial Research Engineer, 
with seven years’ experience desires 
position in experimental or development 
work. Technical graduate and post- 
graduate, good draftsman, familiar 
with use of tools and instruments, 
possesses natural inventive ability, 
wide knowledge of the properties of 
materials and proficient in chemistry 
and mathematics. Age 32, married. 


849. Operating Engineer. Has held 
positions of superintendent of distribu- 
tion and general superintendent in 
cities up to 300,000 inhabitants. Prac- 
tical experience in meter and line con- 
struction work before entering college. 
Executive ability, technical graduate 
and full member A. I. E. E. Age 33. 
Permanent operating position desired 
as general superintendent, superintend- 
ent distribution, power engineer. 


850. Manager or superintendent, 
technical and practical, nineteen years 
experience as electrical engineer, com- 
mercial manager electric light power and 
railway company. Experience covers 
manager construction, engineering, and 
operation of distribution and trans- 
mission system, steam and hydro power 
plants, commercial engineer, reorgani- 
zation of utilities. Age 38. 


851. Electrical-Mechanical Engineer 
wishes position with industrial or pub- 
lic utility company or engineering firm. 
Broad experience as executive on con- 
struction and operation street railways, 
power plants, transmission and distri- 
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bution. Several years in South Amer- 
ica, familiar with Spanish language. 

852. Electrical-Mechanical Engineer, 
available February first, thirty-three, 
single, technical education, ten years’ 
practical and executive experience power 
plant design, installation and operation 
also industrial power application in 
Pulp Mill, Coal Mine, Gold Mine and 
Sawmills. Will accept right position at 
home ог abroad. Correspondence 
invited. 


853. Electrical Engineer, technical 
graduate, age 33, married. Four years’ 
experience testing electrical machinery 
and steam turbines. Six years in charge 
construction and operation of steam 
turbine plant, transmission lines, sub- 
stations and hoisting equipment for 
large coal company. 


854. Executive, Vice President of 
operating syndicate would consider new 
connection presenting broader field; 
technical graduate; member A. I. E. E. 
20 years' experience in central station 
and electric railway operation, electri- 
fication of industrials and ice manu- 
facturing; expert on management, pur- 
chasing, rate making, and public rela- 
tions. 


855. University graduate mechanical- 
electrical engineer with several years 
engineering, executive, and manufac- 
turing experience desires position as 
production or efficiency engineer. Age 
33. Married. Salary $2000. per year. 
Available Nov. 15. 


856. Experienced mechanical and 
electrical engineer. Age 38. American 
born. Eighteen years as construction 
superintendent. Has designed, built 
and erected mechanical machinery, 
sub-station buildings of steel and con- 
crete, pile foundations, steam power and 
boiler equipment; also installed railroad 
and industrial apparatus motor gener- 
ators, transformers, cables, pole lines 
and tower transmission lines. Salary 
$2400. Best of references. 


857. University graduate, ten years 
mechanical and electrical experience, 
wishes to investigate opportunities in 
vicinity of New York City. Familiar 
with erection and operation for both 
steam and hydraulic power houses also 
shops, foundry and general equipment 
for mines. Five years connection with 
large projects abroad including position 
as resident engineer. 
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OFFICERS AND BOARD OF DIRECTORS, 1917-1918. 


PRESIDENT. 
(Term expires July 31, 1918) 
E. W. RICE, Үк. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1918) 
JOHN J. CARTY 


(Term expires July 31, 1919) 
H. W. BUCK 


VICE-PRESIDENTS. 
(Term expires July 31, 1918) 


B. A. BEHREND 
P. JUNKERSFELD 
L. T. ROBINSON 


FREDERICK BEDELL 
A. S. McALLISTER 
JOHN H. FINNEY 


MANAGERS. 


(Term expires July 31, 1918) 
Р. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 
E. H. MARTINDALE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY. 
RALPH W. POPE 


(Term expires July 31, 1918) 


(Term expires July 31, 1919) 
C. E. SKINNER ; 
JOHN B. FISKEN. 

N. A. CARLE 


(Term expires July 31, 1921) 
WALTER A. HALL 
WILLIAM A. DEL MAR 
WILFRED SYKES 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN 
HARRISON W. CRAVER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


PAST PRESIDENTS.—1884-1917. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-01. 
ALEXANDER GRAHAM BELL, 1891-92. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1892-4-5. 
*LOUIS DUNCAN, 1895-6-7. 
FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
*HENRY G. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 
C. O. MAILLOUX, 1913-14. 
PAUL M. LINCOLN, 1914-15. 
JOHN ). САВТУ, 1915-16. 


Н. W. ВОСК. 1916-17. 


* Decease 1. 
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INSTITUTE COMMITTEES. 


Revised to October 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 


E. W. Rice, Jr., Chairman, 
General Electric Company, Schenectady, N. Y. 


H. W. Buck, Harold Pender, 
М. А. Carle, L. T. Robinson, 
George A. Hamilton, C. E. Skinner. 


FINANCE COMMITTEE. 


М. А. Carle, Chairman, 
Public Service Electric Company, Newark, 


N. J. 
Walter А. Hall, Charles Robbins. 


MEETINGS AND PAPERS COMMITTEE 
L. T. Robinson, Chairman, 

General Electric Company, Schenectady, N. Y. 
L. W. Chubb, Secretary, 

Westinghouse E. and M. Company, Pittsburgh, 


Pa. 
B. A. Behrend, Harris J. Ryan, 


W. I. Slichter, 
and the chairmen of the technical committees 


EDITING COMMITTEE. 


W. I. Slichter, Chairman, 

Columbia University, New York. 
М. С. Lloyd, . L. T. Robinson, 
Henry H. Norris, C. E. Skinner. 


CODE COMMITTEE. 
80 Park Place, Newark, N. J. 
C H 


I . Forsyth, . R. Sargent, 
. B. Gear, С. А. Sawin, 
А. Н. Griswold, А. M. Schoen, 


H. O. Lacount, 
Johnston Livingston, C. E. Skinner, 
Henry N. Muller, H. S. Warren. 


BOARD OF EXAMINERS. 


А. S. McAllister, Chairman, 

261 West 23rd St., New York. | 
William McClellan, F. L. Rhodes, 
Henry H. Norris, W. I. Slichter. 


SECTIONS COMMITTEE. 
Walter А. Hall, Chairman, 
General Electric Company, West Lynn, Mass. 
P. H. ы ыш Vice- irman 
John B. Fisken, H. W. Flashman, 
A. M. Schoen, 


and the chairmen of all Institute Sections, 
ex-officio. 


COMMITTEE ON STUDENT BRANCHES. 


(Sub-Committee of Sections Committee.) 
P. H. Daggett, Chairman 


цол of North Carolina, Chapel Hill, 


Alexander M. Gray, A. C. Lanier, 
C. Francis Harding, Charles F. Scott. 


MEMBERSHIP COMMITTEE. 
H. A. Pratt, Chairman, 
W. E. and M. Company, 165 Broadway, N. Y. 
F. F. Barton, Wills MacLachlan, 
H. Goodwin, Jr., H. R. Woodrow. 


PUBLIC POLICY COMMITTEE. 


Calvert Townley, Chairman, 
. В. and M. Company, 
165 Broadway, New York. 

НООС В Р. Junkersfeld, 
‚ А, Carle, Joba W. Lieb, 
John J. Carty, . W. Rice, Jr., 

C. E. Skinner. 


N HEADQUARTERS COMMITTEE. 
‚А, Carle, Chairman, | 
ublic Service Electric Company, Newark, 


N. J. 
А. S. McAllister, F. L. Hutchinson. 


George F. Sever, 


STANDARDS COMMITTEE. 
C. A. Adams, Chairman, 


Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary, | . ) 
University of Pennsylvania, Philadelphia, Pa. 


P. G. Agnew, W. S. Gorsuch, 
Frederick Bedell, F. C. Hanker, 
Joseph Bijur, H. M. Hobart, 

. Blume, P. Jonken i 
James Burke, A. E. Kennelly, 
G. Burnham, G. L. Knight, 

N. A. Carle, F. A. Laws, 

P. H. Chase, A. S. McAllister, 
E. J. Cheney, W. L. Merrill, 

H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox, C. H. Sharp, 
William A. Del Mar, C. E. Skinner, 

A. M. Dudley, N. W. Storer, 

E Edwards, Joha B. Taylor, 
H. W. Fisher, . B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
20 Nassau St., New York. 
F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, . 
Harvard University, Cambridge, Mass. 
5; А. Adams, А. S. McAllister, 


A. Behrend, M. I. Pupin, 
James Burke, E. B. Rosa, 
John J. Carty, David B. Rushmore, 
Gano Dunn, Charles Е. Scott, 
H. M. Hobart, Clayton H. Sharp, 
John W. Lieb, C. E. Skinner, 


Elihu Thomson. 


COMMITTEE ON CODE OF PRINCIPLES OF 
PROFESSIONAL CONDUCT. | 


George F. Sever, Chairman, 
13 Park Row, New York. 
A. H. Babcock, А. S. McAllister, 
Gano Dunn, Schuyler Skaats Wheeler 


EDISON MEDAL COMMITTEE. 
Appointed by the President for terms of five years. 


Term expires July 31, 1918. 
H. W. Buck, F. A. Scheffler, 
J. Franklin Stevens. 


Term expires July 31, 1919. 
Charles F. Brush, Chairman, 
481 The Arcade, Cleveland, Ohio. 
N. W. Storer, C. C. Chesney. 
Term expires July 31, 1920. 
Carl Hering, Harris J. Ryan, 
Robert Lindsay. 
Term expires July 31, 1921. 
W. C. L. Eglin, Bancroft Gherardi, 
E. W. Rice, Jr. 


Term expires July 31, 1922. 
C. А. Adams, L. A. Ferguson, 
S. W. Stratton. 


Elected by the Board of Directors from its own 
membership for terms of two years. 


Term expires July 31, 1918. 
L. T. Robinson, Harold Pender, 
C. E. Skinner. 
Term expires Ju!y 31, 1919. 
B. A. Behrend, John J. Carty, 
A. S. McAllister. 
Ex-Officio. 


E. W. Rice, Jr., President, 
George A. Hamilton, Treasurer, 
F. L. Hutchinson, Secretary. 
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TECHNICAL COMMITTEES. 
Revised to October 1, 1917. 


POWER STATIONS. 


Philip Torchio, Chairman, 
М. Y. Edison Company, 124 E. 15th St., 


New York. 
Crecelius, H. S. Putnam, 


L. Р; 
W. S. Gorsuch, F. A. Scheffler, 
P. M. Lincoln, R. F. Schuchardt, 
S. A. Moss, H. L. Wallau, 
I. E. Moultrop, W. F. Wells, 

В. В. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 
‚ ONT. Falls Power Company, Niagara Falls, 


А. О. Austin, P. M. Lincoln, 
LA A. Bruneige, L. C. Nicholson, 
W. Buck, W. D. Peaslee, 
Wallace S. Clark, D. W. Roper, 
E. E. F. Creighton, Harris 2| . Ryan, 
H. W. Fisher, P. H. Thomas. 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman, 
Westinghouse E. & M. Co., East Pittsburgh, Pa. 


Harry H. Adams, William A. Del Mar, 
А. H. Armstrong, р Оцег, 
А. Н. Babcock, ohn Murphy, 
Reinier Beeuwkes, Charles F. Scott, 
H. Blood, Jr., H. M. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 

National Carbon Company, Cleveland, O. 
A. G. Pierce, Vice-Chairman, 

2211 Farmers Bank Building, Pittsburgh, Pa. 


H. W. Cope, Charles D. Knight, 
James Dixon, A. M. MacCutcheon, 
А. M. Dudley, James M. Smith, 

R. H. Goodwillie, . Weichsel, 

A. L. Hadley, . B. Wiard, 

C. A. Kelsey, . B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 


G. N. Chamberlin, R. C. Powell, 
C. E. Clewell, E. B. Rosa, 
J. R. Cravath, W. D'A. Ryan, 


Bassett Jones, 
T. S. Perkins, 


ECONOMICS OF ELECTRIC SERVICE 


W. B. Jackson, Chairman, 

Harris Trust Building, Chicago, Ill. 
P. H. Bartlett, Leavitt L. Edgar, 
Philander Betts, W. S. Gorsuch, 
W. H. Blood, Jr., Ralph G. Hudson, 
Fred А. Bryan, А. H. Kruesi, 
C. L. Cory, Allard Smith. 


* Clayton H. Sharp, 
^ W. M. Skiff. 


PROTECTIVE DEVICES. 


D. W. Roper, Chairman, 

Commonwealth Edison Company, 
Adams St., Chicago, Ill. 

E. E. F. Creighton, P. M. Lincoln, 

Leslie N. Crichton, А. А. Meyer, 

lue C. Dow, N. L. Pollard, 
. L. Elden, F. E. Ricketts, 

E. M. Hewlett, Philip Torchio, 

H. R. Woodrow. 
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ELECTROCHEMISTRY AND ELECTRO- 
METALLURGY. 


A. J. Fitzgerald, Chairman, 
SUAM Laboratories, Niagara Falls, N. Y. 
Lawrence Addicks, F. Lidbury, 


jen L. Dixon, T. H. Schoepf, 
. R. Edmands, тоа: Seede, | 
Carl Hering, illis R. Whitney. 


ELECTROPHYSICS. 


Frederick Bedell, Chairman, 
Cornell University, Ithaca, N. Y. 


H. D. Arnold, F. W. Peek, Jr. 
А. С. Crehore, L. T. Robinson, 
E. P. Hyde, E. B. Rosa, 

P. S. Millar, C. E. Skinner. 


TELEGRAPHY AND TELEPHONY. 


e 


Morehouse, Chairman 
. and "Company: '195 Broadway, New 


. F. 
"A. 
E. F. W. Alexanderson, William Maver, 

R. E. Chetwood, empster B. Miller, 
E. B. Craft, John Stone Stone, 
M. M. Davis, ph Taylor, 
А.Н. ‘Griswold, L. Wayne. 


MARINE. 


. A. Hornor, Chairman, 

‘Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa. 

D. M. Mahood, Secretary, 

Sperry Gyroscope Company 
Manhattan Bridge Plaza, Brooklyn, N. Y. 


X 


R. B. Chillas, Jr., o P.L 

M. W. Day, а 

L. А. Doggett, G.A . Pierce, ]т., 
G. E. Edgar, H. M. Southgate, 
W. L. R. Emmet, E. А. Sperry, 

W. R. Furlong, Wilfred Sykes, 
H. L. Hibbard, F. W. Wood. 


USE OF ELECTRICITY IN MINES. 


H. H. Clark, Chairman 
Bureau of Mines, 40th and Butler Sts., Pitts- 


Burga, Pa. 
Frank H. Armstrong, R. L. Kingsland, 
Graham Bright, A. B. Kiser, 
A. Chandler, Charles Legrand, 
F. J. Duffy, Charles M. Means, 
L. C. Ilsley, K. A. Pauly, 
M. Warren, 


ELECTRICAL MACHINERY. 


Alexander M. Gray, Chairman, 
Cornell University, Ithaca, N. Y. 
B. A. Behrend, H. B: T. Erben, 
А. M. Dudley R. . Williamson, 
James Boke. 


INSTRUMENTS AND MEASUREMENTS. 


S. G. Rhodes, Chairman, 
104 East 32nd St., New York. 
P. G. Agnew, F. V. Magalhaes, 
F. P. Cox, T. S. Perkins, 
Clayton Н. Sharp. 


IRON AND STEEL INDUSTRY. 


F. D. Egan, Chairman, 
Pittsburgh Crucible Steel Co., 


Midland, Pa. 
F. B. Crosby, J. C. Reed, 
Eugene Friedlaender, A. G. Pierce, 
E. S. Jefferies, Wilfred Sykes, 
W. C. Kennedy, R. Tencher 
D. M. Petty, R. B. Williamson, 
J. H. Wilson. 
EDUCATIONAL. 


E. J. Berg, Chairman, 
nion College, Schenectady, N. Y. 
Alexander M. Gray, . B. Merriam, 
Charles S. Howe, Chester W. Rice, 
E. A. Loew, C. E. Skinner, 
W. I. Slichter. 
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INSTITUTE REPRESENTATIVES. 


ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 

C. O. Mailloux, John J. Carty. 
Paul M. Lincoln, H. W. Buck. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Gano Dunn, Samuel Sheldon, 
Calvert Townley. 


і 


ON LIBRARY BOARD OF UNITED . 
ENGINEERING SOCIETY. 


W. I. Slichter, Edward D. Adams, 
Harold Pender, Samuel Sheldon, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


W. S. Franklin, G. W. Pierce. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOE. 


Edward Caldwell. 


ON Ш. $. NATIONAL COMMITTEE OF THE 


INTERNATIONAL ILLUMINATION 
COMMISSION. 


C. O. Mailloux, 
Clayton H. Sharp. 


А. E. Kennelly, 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 


F. B. Jewett. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
William McClellan, 


Charles W. Stone, 
Calvert Townley. 


Gano Dunn, 
John H. Finney 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND 
LINE CONSTRUCTION. 


Farley Osgood, Percy H. Thomas. 


AMERICAN COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
Paul Winsor. 


ON ENGINEERING COUNCIL. 


H. W. Buck, N. A. Carle, 
E. W. Rice, Jr., P. Junkersfeld, 
C. E. Skinner. 


ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL. 


F. B. Jewett, Clayton H. Sharp. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 


Benjamin G. Lamme, Frank J. Sprague. 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, N. A. Carle, 
P. Junkersfeld. 


COMMITTEE ON GENERAL ENGINEERING, 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE. 

H. W. Buck, C. А. Adams. 


COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, Charles F. Scott. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10 Via S. Radegonda, Milan, 


Italy. 

Robert Julian Scott, Christchurch, New Zealand, 
T. P. Strickland, N. S. W. Government Railways 

Sydney, N. S. W. 
W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 
L. A. Herdt, McGill Univ., Montreal, Que. 
Henry Graftio, Petrograd, Russia. 


A. S. Garfield, 45 Boulevard Beausejour Paris 
16 E. France. 

Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 

John W. Kirkland, Johannesburg, South Africa’ 
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LIST OF SECTIONS 


Revised to October, 1917. 


Name and when Organized Chairman Secretary 
Atlanta................ Jan. 19, '04 | A. M. Schoen Thomas C. тше S. E. Underwriters 
Ass'n., Atlanta, 
Baltimore......... .....Оес. 16, "04 . B. Whitehead L.M. Potts, Industrial "Bldg. Baltimore, Md. 
Boston................Feb. 13, 03 M. Hope Ira M. Cushing,84 State St. ,Boston, Mass. 
СМмМсако...................... 1898 Wm. J. Crumpton} C. A. Keller, Edison Building, Chicago, ПІ. 
Cleveland............. Sept. 27, '07 | C. M. Rakestraw | C. S. Ripley, 711 Williamson Building, 
Cleveland, Ohio. 
Denver............... May 18, '15 | Norman Read Robert B. Bonney, 806 Telephone Build- 
ing, Denver, Colo. 
Detroit-Ann Arbor......Jan. 13, 11 | Н.Н. Higbie H. E Wyckoff, рене Edison Company, 
: etroit 
Fort Wayne........... Aug. 14, '08 I J. Kline E B. Roberts, G. E. Co., Fort Wayne,Ind. 
Indianapolis-Lafayette..Jan. 12, 712 . O. Garman D. J. Angus Esterline and Angus, Indian- 
apo is, ; 
Иа Сао Oct. 15, '02 | В. Bedell а Gray, Cornell Univ., Ithaca, 
Kansas City, Мо....... Apr. 14, '16 | W..F. Barnes W. F. Barnes, Kansas City, Mo. 
Los Angeles........... May 19, '08 | Don Morgan A. W. Nye, University of Southern Cali- 
fornia, Los Angeles, Cal. 
LYndün o sv eis Aug. 22, '11 | J. M. Davis R. D. Thomson, General Electric Com- 
| pany, West Lynn, Mass. 
Madison.............. Jan. 8, 09 | J. В. Price L. E. A. Kelso, University of Wisconsin, 
Mexico............... Dec. 13, '07 Madison, Wis. 
Milwaukee.............Feb. 11, 10 | Arthur Simon Soren H. Mortensen, Allis-Chalmers Mfg. 
| Co., West Allis, Wis 
Minnesota............. Apr. 7,'02 | F. W. Springer A. B. King, Electric Machinery Company, 
Minneapolis, Minn. 
Panama............... Oct. 10, '13 | C. J. Embree W. Е. Kleene, Апсоп, C. 2. 
Philadelphia........... Feb. 18, '03 | Nathan Hayward| H. Mouradian, Bell Telephone Co. of 
4 Penna., Philadelphia, Pa. 
Pittsburgh.............Oct. 13, 02 | Е. Е. Wynne С. M. Baker, С. E. Co., Oliver Building, 
1 Pittsburgh, Pa. 
Pittsfield.............. Mar. 25, '04 | F. F. Brand E. H. Branson, General Electric Company, 
Pittsfield, Mass. 
Portland, Оге.......... May 18, '09 | E. D. Searing R. M. Boykin, North Coast Power Co., 
Portland, Oregon. 
Rochester............. Oct. 9,714 | Frank C. Taylor | C. Т. Wallis, 138 Fairview Avenue, 
. Rochester, N. Y. 
St. Louis.............. Jan. 14, '03 | A. McR.Harrelson| Н. L. Hope, Southwestern Bell Telephone 
| System, St. Louis, Mo. 
San Francisco.......... Dec. 23, '04 | L. R. Jorgensen A. G. Jones, 811 Rialto Building, San 
Francisco, Cal. 
Schenectady........... Jan. 26,'03 | W. L. Upson L. F. Millham, General Electric Company, 
Schenectady, N. Y. 
Seattle................ Jan. 19, '04 | C. E. Magnusson | C. F. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Spokane.............. Feb. 14, '13 | Charles A. Lund | J. E. E. Royer, Washington Water Power 
. Company, Spokane, Wash. 
Тоё40................ June 3, '07 | W. E. Richards Max Neuber, 1257 Fernwood Ave., 
А Toledo, Ohio. 
Тогопіо............... бері. 30, "08 | William G.Gordon| Ernest V. Pannell, 60 Front Street, West, 
| Toronto, Ont. 
Utah Section........... Mar. 9,'17 | A. S. Peters. H. T. Plumb. 
Urbana............... Nov. 25, '02 | L. V. James А. К. Knight, Univ of Illinois, Urbana, 11, 
Vancouver.............Aug. 22, '11 | В. Е. Hayward T. H. Crosby, Canadian Westinghouse Co. 


: Vancouver, B. C 
Washington, D. C.......Apr. 9,'03 | Paul G. Agnew J. Ernest Smith, McKinley Manual Train- 
ing School, Washington, D. C. 


totaled LIST OF BRANCHES 


Name and when Organized Chairman Secretary 


Agricultural and Mech. 


College of Texas...... Nov. 12, '09 | L. E. Tighe F. V. Murrah, College Station, Tex. 
Alabama Poly.Inst...... Nov. 10, '16 | W. W. Hill J. A. Douglas, P.O. Box 190, Auburn, Ala. 
Alabama, Univ. of...... Dec. 11, '14 | Gustav Wittig A. F. Frazer, University, Ala. 

Arkansas, Univ. of...... Mar. 25, '04 | E. P. O'Neal J. C. Douthit, University of Arkansas, 
Fayetteville, Ark. 

Armour Institute.......Feb. 26, '04 | R. A. Newlander | A. A. Hofgren, Armour Institute, Chi- 
cago, Ill. 

Brooklyn Poly. Inst...... Jan. 14, '16 | Paul С. Wehle Robert Davie, The Polytechnic Insti- 


: | tute, Brooklyn, М. Y. 
Bucknell University..... May 17, '10 | A. W. Hatfield C. C. Gillette, Phi Gamma Delta House, 
Bucknell University, Lewisburg, Pa. 


California, Univ. of ..... Feb. 9,'12 | A. J. Swank G. F. Teale, University of California, 
Berkeley, Cal. 
Carnegie Inst. of Tech. ..May 18, '15 | W. Е. Eames B. C. Dennison, Carnegie School of Tech- 
ЖОЙ е . nology, Pittsburgh, Pa. 
Cincinnati, Univ. of..... Apr. 10, '08 | R. L. Utley H. V. McCormick, 3110 Woodburn Ave., 
Cincinnati, Ohio ! 
Clarkson Col. of Tech....Dec. 10, 715 | В.Н. Hoyt E. S. Parks, Clarkson College of Tech- 
nologv, Potsdam, N. 
Clemson AgriculturalCol.Nov. 8, '12 | О.Н. Banks W. H. Neil, Clemson College, S. C. 
Colorado State Agricul- 
tural College......... Feb. 11, '10 | R. C. Richards W..4A..Stalhings, Colorado State Agricul- 


tural College, Fort Collins, Colo. 
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LIST OF BRANCHES Continued. 


Name and when Organized 


Colorado, Univ. of.. . Dec. 16, '04 
Georgia School of Tech- 
nology.............. June 25, '14 
Highland Park College.Oct. 11,'12 
Idaho, Univ of.. ..Јапе 25,714 
Iowa State College .. . . Apr. 15,703 
Iowa, Univ. of......... May 18, '09 
Kansas State Agr. Col.. .Jan. 10, '08 
Kansas Univ. of........ Mar. 18, '08 
Kentucky, State Univ. of Oct. 14, '10 
Lafayette College....... Apr. 5, '12 
Lehigh University ......Oct. 15, 02 
Lewis Institute. . .Nov. 8,'07 
Maine Univ. of. . .. Dec. 26,706 
Massachusetts Inst. of 
Tech...... .....Арг. 13, '17 
Michigan, Univ. of...... Mar. 25, '04 
Minnesota, Univ. of..... May 16, '16 
Missouri Univ. of. ..... Jan. 10, '03 
Montana State Col..... . May 21, '07 
Nebraska, Univ. of..... Apr. 10, 708 
North Carolina Col. of 
Agr. and Mech. Arts. . Feb. 11, '10 
North Carolina, Univ. of.Oct. 9, '14 
North Dakofa, Univ. of ..Feb. 15, "17 
Norwich University ..... June 28, '16 
Ohio Northern Univ.. ..Feb. 0, 712 
Ohio State University ... Dec. 20, '02 
klahoma Agricultural and 
Mech. Col........... Oct. 18,111 
Oklahoma, Univ. of. . ...Oct. 11, 712 
Oregon Agr. Col........ Мат. 24, "08 
Penn. State ric rm . Dec. 20, '02 
Pittsburgh, Univ. o .Feb. 26, '14 
Purdue University......Jan. 26, '03 
Rensselaer Poly. Inst.. .. Nov. 12, "09 
Rose Polytechnic Inst.... Nov. 10, '11 
Rhode Island State Col.. Mar. 14, '13 
Stanford Univ.......... Dec. 13, 07 
Syracuse Univ..........Feb. 24, '05 
Texas, Univ. of........ Feb. 14, '08 
2 E LE of Tech- 
oe tee mer d ct. 14, '10 
Virginia Polytechnic In- 
нез сыба ақым ап. 8,715 
Virginia, Univ. of.......Feb. 9,712 
Wash., State Col. of..... Dec. 13, '07 
Washington Univ........Feb. 5, "04 
Washington, Univ. of. ..Dec. 13, '12 
West Virginia Univ...... Nov. 13, '14 
Worcester Poly. Inst....Mar. 25, '04 
Yale University ........ Oct. 13, '11 


Chairman 


Robert Newman 

R. E. Robinson 
E. E. Gould 

D. Nankervis 


C. L. Merrick 


L. N. Miller 


A. W. Davies 
Harry C. Hartung 
R. H. Lindsay 
Rowland Manley 
Fred P. Jones 

W. R. Harvey 
George W. Miller 
A. C. Lanier 
Roy C. Hagen 
Olin J. Ferguson 
John R. Hauser 
А. C. Forney 


D. F. McConnell 
Edward B. Dawson 


W. F. Parsons 
E. S. Gunn 
G. E. Davis 
А. W. Walter 
J. A. Hooper 


E. R. Roth 

C. F. Harding 
W. J. Williams 
H. E. Smock 


H. W. Lewis 
W. P. Graham 


J. W. Ramsay 
J. Paul Youtz 
Baxter McIntosh 


W. S. Rodman 
S. Stites 


L. P. Kongsted 
O. P. Joliffe 

B. Luther 

B. P. O'Brian 


Secretary 


William М. Gittings, University of Colo- 
rado, Boulder, Colo. 

John Farago, Georgia School of Tech- 
nology, Atlanta, Ga. 

Adolph Shane, Highland Park College, 
Des Moines, Iowa. 

L.J.Corbett, Univ.of Idaho, Moscow,Idaho. 

F. A. Robbins, Iowa St.Col., Ames, Iowa. 

А.Н. Ford, University of Iowa, Iowa City, 


Iowa. 
M. H. Russell, Kansas State Agri. Col., 
Manhattan, Kansas. 


С. D. Aaron,State University of Kentucky, 
Lexington, Ky. 
William Lash Linus: 633 Parsons, Easton, 


Pa. 
R. D. Bean, 40 N. 7th Ave., Bethlehem, 


a. 

S. P. McDaniels, Lewis Institute, Chicago. 

G. K. Wadlin, Lambda Chi Alpha House, 
Orono, Maine. 


T. W. Connant, University of Michigan, 
Ann Arbor, Mich. 

Ray McKibben, University of Minnesota, 
Minneapolis, Minn. 

D. P. Savant, University of Missouri, 
Columbia, Mo. 

J. А. Thaler, Montana State College, 
Bozeman, Mont. 

Oskar E. Edison, University of Nebraska, 
Lincoln, Nebraska. 

Landon C. Flournoy, N. C. Coll. of A. and 
M. Arts, West Raleigh, N. C. 

C. N. Sloan, Univ. of North Carolina, 
Chapel Hill, N. C. 

Roy A. Wehe, University ‚М. D. 

Robin Beach, Norwich University, North- 
field, Vt. 

“ар Ferlic, 718 N. Main Street Ada, 

T. D. Robb, 124 West 10th Ave., Colum- 
bus, Ohio. 

W. C. Lane, Oklahoma А. and M. College, 
Stillwater, Okla. 

C. H. Whitwell, University of Oklahoma, 
Norman, Okla. | 

L. Happold, Oregon Agri. 
vallis, Ore. 


College, Cor- 


W. B. Forman, University of Pittsburgh, 
Pittsburgh, Pa. 

А. М. Topping, Purdue Univ., Lafayette, 
Indiana. 

W. R. Townsend, Jr., Rensselaer Poly- 
technic Institute, Troy, N. 

Sam P. Stone, 1012 North 8th Street, 
Terra Haute, Ind. 


A. L. Morgan, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
cuse, N. 

J. А. Correll, "Univ. of Texas, Austin, Tex. 


Clark E. Baker, Throop Dormitory, Throop 
College of Technology, Pasadena, Cal. 
J. А. Carr, Virginia Polytechnic Institute, 

Blacksburg, Va. 
J. K. Peebles, University, Va. 
E. Tollefson, State Coll. of Wash., Pull- 
man, Wash. : 
R. W. Mac Donald, Washington Univer- 
sity, St. Louis, Mo. 
L. M. Lubcke, University of Washington, 
Seattle, Wash. 
F Cronin, 52 Perey Driveway 
Morgantown, W. 
L. Towle, Worcester Polytechnic In- 
stitute, Worcester, Mass. 
G. = Nevitt, 249 Park Street, New Haven, 
onn. 


Total 59 
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INSTITUTE MEETING IN NEW 
YORK, DECEMBER 14, 1917 


The 335th meeting of the Ameri- 
can Institute of Electrical Engineers 
will be held in the Engineering So- 
cieties Building, 33 West 39th Street, 


New York, December 14, 1917, at 
8:15 p.m. 

Two papers will be presented at 
this meeting: Magnetic Flux Dis- 


tribution іп Annular Steel Laminae, 
by Dr. A. E. Kennelly and P. E. Alger 
of Massachusetts Institute of Tech- 
nology; and Phenomena Ассотрапу- 
ing Transmission with Some Types of 
Star Transformer Connections—II, by 
L. N. Robinson of Leland Stanford 
Jr. University. The latter paper is an 
amplification of Mr. Robinson’s former 
paper presented at the Panama-Pacific 
Convention of the A.I.E.E., published 
in the TRANsacTions, Vol. XXXIV, 
1915, page 2183. 

Both papers are published in this 
issue of the PROCEEDINGS and ге- 
prints will be distributed at the moeet- 
ing. 

Non-members of the Institute who 
are interested in these subjects are 
cordially invited to attend and take 
Part in the meeting. 


ANNUAL MEETING OF THE 
А. S. M. E. 

Theannual meeting of the A. S. M. E. 
Will be held in New York December 4 to 
7, 1917 at Society Headquarters, 29 
West 39th St. The meeting will be 


DECEMBER, 1917 


Number 12 


addressed at the opening session at 8:30 
p. m. on Tuesday evening, December 4, 
by Hon. William H. Taft on the occa- 
sion of conferring Honorary Member- 
ship upon Major-General George W. 
Goethals. 

On Wednesday, December 5, there 
will be an all-day session with addresses 
on problems relating to the war, such as 
agriculture, special education in war- 
time, transportation, merchant marine, 
aircraft, ес. While there will be the 
usual technical papers, there will also be 
certain other sessions dealing with war 
problems. One of these will discuss 
inspection. of munitions, and other 
new developments in management re- 
sulting from war conditions, such as the 
employment of women in the manu- 
facture of munitions and training 
crippled soldiers to become self-sup- 
porting. 

There are to be two public hearings 
by committees, one on Power Test 


Codes of the Society preliminary to 


their revision. These relate to standard 
methods for testing prime movers and 
auxiliary apparatus. The other is a 
meeting of the Gage Committee estab- 
lished to assist in bringing about uni- 
formity in gages used in establishing 
sizes and tolerances іп the manufac- 
ture of the various products required by 
the Government for war purposes. 

Of the social features, there will be 
the usual Smoker on Wednesday even- 
ing, December 5, with a talk by Mr. 
John R. Freeman, Past-President of the 
Society, on his recent trip to the Orient. 
On Thursday evening, December 6, 
there will be a lecture by Dr. John A. 
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Brashear, Past-President, on the ''Sci- 
ence of the Beautiful in Commonplace 
Things." 

The meeting will close on Friday, 
December 7. 


MEETING OF THE INSTITUTE 
OF RADIO ENGINEERS 


Тһе next meeting of the Institute 
of Radio Engineers will be held on the 
evening of Wednesday, December 5th, 
at 8:15 p.m., on the sixteenth floor of 
the Engineering Societies Building, 
33 West 39th St., New York., М. Y. 

A paper by Dr. Frederick H. Millener 
of the Union Pacific Railroad, on 
"Radio Telephony" will be presented. 
Dr. Millener has carried out exhaus- 
tive researches on radio telephony to 
and from moving trains and will re- 
port the results in an interesting paper. 

Institute members and their friends 
are cordially invited to attend. 


FUTURE SECTION MEETINGS 


— 


Cleveland.— December 17, 1917. Sub- 


ject: Тһе Gasoline-Electric Automo- 
bile. 

Lynn.— December 12, 1917. Sub- 
ject: Motor Night. 

Philadelphia.— December 10, 1917. 


Subject: Electricity and Conduit Con- 
struction. Speaker: H. C. Blackwell. 
Joint meeting with Engineers Club. 

Pittsburgh.— December 8, 1917. 
Annual Banquet. 


St. Louis.— December 20, 1917. Elec- 


tion of officers. 


RECEPTION TO THE AMERICAN 
SOCIETY OF CIVIL ENGINEERS 


Invitations have been issued by the 
American Institute of Mining Engi- 
neers, American Society of Mechani- 
cal Engineers, American Institute of 
Electrical Engineers, and the United 
Engineering Society, to а general 
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convocation of the four societies an d 
the American Society of Civil Engi- 
neers, to which ladies are invited, on 
Friday evening, December 7, at 8:30 
p.m., in the Engineering Societies Audi- 
torium, 33 West 39th Street, New 
York. 

The meeting is for the purpose of 
welcoming the American Society of 
Civil Engineers into the fraternity of 
Founder Societies and into the occu- 
pancy of the enlarged Engineering So- 
cieties Building. 

Appropriate ceremomies will sig- 
nalize the association of the societies 
for the first time under one roof, and 
the augmented solidarity of the епрі- 
neering profession which that asso- 
ciation promotes. 


SCOPE OF FUTURE A.I.E.E. MEET- 
INGS TO BE EXTENDED. 


As announced in the November 
PROCEEDINGS, the Board of Directors, 
on the recommendation of the Meet- 
ings and Papers Committee, author- 
ized a regular Institute meeting to be 
held during the coming winter in Cleve- 
land. Arrangements are accordingly 
being made to hold the regular March 
meeting of the Institute in Cleveland 
under the combined auspices of the 
Cleveland, Detroit, Toledo, Toronto, 
and Pittsburgh Sections, all of which 
will cooperate in the preparation of 
the program and securing the discus- 
sion for this meeting. 

Owing to the number of PE ess 
for regular Institute meetings by differ- 
ent Sections which have recently been 
received, the Meetings and Papers 
Commitee at its last meeting gave 
further consideration to the question 
of meetings for the current season, 
and in order to give several of the Sec- 
tions an opportunity to participate in 
regular meetings, two so-called Inter- 
Sectional meetings were planned in 
which nearly simultaneous sessions 
will be held in two or more cities to 
consider the same paper. 
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In accordance with this plan the 
336th meeting of the Institute in Jan- 
uary will consist in the presentation 
of the same paper in Chicago, New 
York and Boston on different evenings 
with sufficient intervening time to 
give the author an opportunity to pre- 
sent his paper at the different places. 
А similar meeting, at which one paper 
wil be presented at both Pittsburgh 
and New York, will be held in April. 

The meeting at each of the cities 
taking part will be considered as part 
of the regular meeting, and the dis- 
cussions at each place will form part 
of the regular published discussion 
in the TRANSACTIONS. 


NOMINATIONS FOR INSTITUTE 
OFFICERS FOR 1918-19 


As provided in Section 20 of the 
Institute by-laws, candidates may now 
be proposed for nomination for the 
offices to be filled at the next annual 
election in May, 1918, by the petition 
‚ог by the separate endorsement іп 
writing, of not less than fifty members. 
The petitions or separate endorsements 
must be in the hands of the Secretary 
not later than January 25, 1918. For 
the convenience of members, a form of 
petition has been prepared by the 
Secretary, and copies of it may be ob- 
tained upon application to Institute 
headquarters. Endorsements may, 
however, be made by letter if the form 
is not available. A member is not 
limited in the number of candidates he 
may endorse in this manner. 

The officers to be elected are: a 
President and Treasurer, for the term of 
one year each, six Vice-Presidents for the 
term of one year each, and three Man- 
agers for the term of four years each. 

The Constitution provides that ''the 
President, Vice-Pregsdents and Man- 
agers shall not be eligible for immediate 

‚ reelection to the same office. А Vice- 
. President shall not be eligible for im- 
mediate election to the office of Man- 
ager.” 
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For the information of members, 
the full text of Section 20 of the by-laws, 
governing the proposal of candidates 
for nomination, is printed below: 


SEC. 20. In addition to the names of incum- 
bents of office, the Secretary shall publish on the 
"form showing offices to be filled at the ensuing 
annual election іп May” provided for in Article 
VI of the Constitution, the names, as candidates 
for nomination, of such members of the INSTITUTE 
as have been proposed for nomination fora 
particular office by the petition or by the separate 
endorsement of not less than fifty members, 
received by the Secretary of the INSTITUTE in 
writing by January 25 of each year. 

The names of such candidates for nomination 
shall be grouped alphabetically under the name 
of the office for which each is proposed, and this 
by-law shall be reprinted prominently in the 
December and January issue of each year's 
PROCEEDINGS, and shall be reproduced on the 
form above referred to. 


THE ENGINEERING SOCIETIES 
CLUB OF HAWAII. 


The Engineering Societies Club of 
Hawaii has been established with head- 
quarters at Honolulu, Hawaii. The 
officers are as follows: E. Kopke, Presi- 
dent; E. C. Webster, Vice-President; 
E. F. Cykler, Secretary-Treasurer, 24 
Pantheon Bldg. 


This Club is an amalgamation of the 
А. S. C. E., the A. S. M. E., the A. I. 
M. E., the A. I. E. E., the American 
Society of Naval Engineers, the Ameri- 
can Railway Engineering Association 
and the American Society for Testing 
Materials. A member of any one of 
these organizations being eligible to 
become a member of the Club. 

The main purpose of this Club is for 
the entertainment of visitors from the 
various national organizations while in 
Honolulu and the Hawaiian Islands. 
Any member proposing to visit the 
Islands should make it a point to 
announce himself to the Secretary of the 
Engineering Societies Club of Hawaii 
so that he may be properly taken 
care of and that the various members 
may get into communication with 
him. 
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А.І. E. E. HONOR ROLL 


Members of the American Institute of Electrical Engineers in Army and Navy 
service with the United States and her Allies. | 
This list includes only those members who are in the armed forces and who have responded to 


the War Service card sent to the membership on Sept. 15, 1917. 
Members in Army and Navy service who are not listed are requested to communicate with Insti- 


tute headquarters. 


ABADIE, EUGENE H. 
Major, U.S. R., Cantonment Division Head- 
quarters. 
- ACHARD, FRANCIS Н. 
First Lieutenant, E. O. R. C. 
ALDRICH, LOUIS С. 
Radio Operator, U. S. S. Salem. 
ALTLAND, COMER P. 
Radio Operator, U. S. Army Transport 
Service. | 
AMES, AZEL 
Major, New York Coast Artillery. 
ANDERSON, EARL G. 
Second Lieutenant, E. O. R. C., 302nd 
Engineers. 
ANDERSON, PIERSON A. 
Second Lieutenant, E. О. В. C., 830186 
Engineers. | 
ARNOLD, BION J. 
Major, E. O. R. C. 
ARNOLD, HAROLD D. 
Captain, S. O. R. C. 
R NOLD, HARRY S. 
Captain, E. O. R. C. 
ASHLEY, EDWARD E. 
First Lieutenant, Aviation Section, Signal 
Corps. 
AVERBACH, J. E. 
First Lieutenant, Signal Corps. 
AVERY, F. B. 
Second Lieutenant, 314th Engineers. 
BAER, C. A. 
Captain, E. O. R. C. 
BAKER, LOUIS А. 
Sergeant, 319th Infantry. 
BAKER, PAUL W. 
Second Lieutenant, E. O. R. C., 314th 
Engineers. 
BALDWIN, BERT L. 
. Major, E. O. R. C. (unassigned). 
BARKER, HARRY 
Captain, E. O. R. C. 
BARNERT, MEYER 
First Lieutenant, E. O. R. C., (unassigned), 


KEY TO ABBREVIATIONS. 
R. C.—Engineer Officers' Reserve Corps. 
R. C.—Signal Officers' Reserve Corps. 
. O. R. C.—Coast Artillery Officers' Reserve 
Corps. 
. R. C.—Ordnance Officers' Reserve Corps. 
R.— Unites States Reserve. 
. F.— Naval Reserve Force. 


. 


BARTON, PHILIP P, 

Major, E. O. R. C. 
BATES, F. R. 

Corporal, 3rd Regiment, 

Washington. 

BEAR, S. LEE 

Officers' Training Camp. 
BEARY, D. B. 

Lieutenant, U. S. Navy. 
BEASLEY, T. E. 

Second Lieutenant, E. O. R. C., (unassigned). 
BEAVER, GEORGE L. 

Second Lieutenant, E. O. R. C. 
BECK, VERNON S. 

Captain, E. О. В. C. 
BEHRENS, EDWARD L. 

Captain, U. S. Army. 
BELCHER, W. A. 

New Jersey Coast Artillery Reserve. 
BEMAN, R. H. 

Second Lieutenant, E. O. R. C. 
BENEDICT, E. G. 

First Lieutenant, 301st Engineers. 
BENNETT, A. C. 

First Lieutenant, E. O. R. C., (unassigned). 
BERKELEY, L. R. 

First Lieutenant, E. O. R. C., 107th Engi- 

neers. 

BERSSENBRUGGE, B. 

310th Engineers. 
BESSESEN, BEN. B. 

First Lieutenant, E. O. R. C., 316th Engi- 

© neers. 
BETTS, EUGENE 

Major, Q. M., O. R. C. 
BETTS, PHILANDER. 

Major, E. O. R. C. 
BEVERIDGE, WM. B. 

First Lieutenant, S. O. R. C. 
BILLINGS, A. W. K. 

Lieutenant, senior grade, U. S. N. R. F. 
BILLINGSLEY, F. N. 

National Army. 
BISHOP, REMSEN 

Aviation Section, U. S. Expeditionary Force. 
BLAIR, SHIRAS A. 

First Lieutenant, AviationSection, S. O. R. C. 
BLAKE, EDWIN T. 

Captain, E. O. R. C., (unassigned). 
BLAKESLEE, D. W. 

First Lieutenant, E. O. R. C. 
BOGGS, CLARENCE 

First Lieutenant, Eng. Corps. 


State Guard, 
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BOHNERT, ARTHUR M. 
First Lieutenant, 115th Engineers. 
BOND, F. M. 
Captain, Inspector of Ordnance. 
BOWES, LAWRENCE C., 
332nd Field Artillery. 
BOYD, RICHARD L. 
Captain, 325th Infantry. 
BRADLEY, C. R. 
Aviation Section, Signal Corps. 
BRANTLY, E. С. 
First Lieutenant, E. О. В. С., U.S 
Expeditionary Force. 
BREED, GEORGE 
Lieutenant, U. S. Navy. 
BRIGHTBILL, FLOYD G: 
Second Lieutenant, C. A. O. R. C. 
BRILL, G. M. 
Major, O. R. C., (unassigned). 
BROCKWAY, В. M. 
Officers’ Training Camp. 
BROOKS, HENRY N. 
Captain, 308th Engineers. 
BROOME, F. H. 
Electrician, U. S. Army Hospital No. 6, 
U. S. Expeditionary Force. 
BROWN, GLENN O. 
117th Field Battalion, Signal Troops, 42nd 
Army Division. 
BROWN,.N. F. 
Second Lieutenant, E. O. R. C. 
BROWN, ROSCOE D. 
Captain, Infantry Division Headquarters, 
Camp Meade. 
BRUMHALL, JOHN H. 
Second Lieutenant, Officers’ Training Camp. 
BRUNDAGE, DARIUS C. 
Second Lieutenant, E. O. R. C. 
BRYANT, В. B. - 
First Lieutenant, S. O. R. C. 
BUCHANAN, J. L. 
Engineers' Training Camp. 
BURNHAM, WM. A. 
Captain, E. O. R. C. 
BURNS, THOMAS S. 
Second Lieutenant, Officers' Training Camp. 
BUSH, GEORGE P. 
First Lieutenant, S. O. R. C. 
BUTLER, ALBERT S. 
Second Lieutenant, U. S. R. 
BYRNE, WALTER S. 
First Lieutenant, O. O. R. C. 
BYRNS, R. A. 
First Lieutenant, 107th Infantry. 
CABOT, F. ELLIOT 
First Lieutenant, First Motor Corps, Mass. 
State Guard. | 
CALDWELL, E. W. 
Captain, Medical Officers' Reserve Corps. 
CARPENTER, DAVID E. 
319th Infantry. 
CARTY, JOHN J. 
Colonel, Signal Corps. 
CASE, CHARLES D. 
Coast Artillery Corps. 
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CASSIDY, PERRY R. 
Captain, C. А. О. В. C. 
CHAFFE, J. B. JR. 
First Lieutenant, О. О. В. C. 
CHANDLER, C. DE F. 
Colonel, Signal Corps, Balloon Div. 
CHAPMAN, F. W. 
First Lieutenant, 
ditionary Force. 
CHAPPELL, WM. H. 
Chief Engineer, U. S. S. Garner. 
CHATFIELD, C. E. 
First Lieutenant, E. O. R. C. 
CHILD, R. S. 
First Lieutenant, Ordnance Dept. 
CHILDS, R. B. 
Captain, Infantry, N. A. 
CLARK, F. J. 
First Lieutenant, S. O. R. C. 
CLARK, R. P. 
Officers' Training Camp. 
CLARKE, E. C. 
Training Camp, Aviation Section, S. O. R. C. 
CLARKE, FRANK J. 
First Lieutenant, S. O. R. C. 
CLARKE, V. A. 
First Lieutenant, 308th Engineers. 
CLEMENT, M. F. 
Chief Electrician, U. S. N. R. F. 
CLOKEY, А. А. 
Captain, S. O. R. C. 
COHO, H. B. 
Captain, Q. M., O. R. C. 
COLE, HORACE L. 
Radio Electrician, U. S. N. R. F. 
CONDON, E. J. JR. 
Second Lieutenant, E. O. R. C. 
COOK, JOHN 
First Lieutenant, O. O. R. C. 
COOKE, MERRITT Т., JR. 
Е. О. В. С., U. S. Expeditionary Force. 
COUSINS, V. D. 
Captain, C. A. O. R. C. 
CRAFT, E. B. 
Captain, S. O. R. C. 
CRAMER, L. B. ` 
Captain, E. O. R. C. 
CRAWFORD, D. K. . 
Signal Reserve Corps, (unassigned. 
CREECY, C. EATON 
Lieutenant, S. O. R. C. 
CRIM, L. P. 
First Lieutenant, Ordnance Dept. 
CROCKER, JAMES R. 
Captain, E. O. R. C., 106th Pioneers. 
CROSBY, L. S. 
Ensign, U. S. N. R. F. 
CUNTZ, JOHN H. 
Captain, S. O. R. C. 
CURETON, JAMES G. 
Field Artillery Training Camp. 
CURTIS, AUSTEN M. 
First Lieutenant, S. O. R. C. 


DALE, H. L. 
First Lieutenant, E. O. R. C. 


U. S. R., U. S. Expe- 
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DAMON, JOHN C. 
Captain, E. O. R. C. 
DAVIDSON, WARD F. 
First Lieutenant, E. О. В. С., 308th Engi- 
neers. 
DAVIS, JOHN W. 
First Lieutenant, Aviation Section, S. O. 
R. C. 
DAVISON, V. A. 
Electrician, U. S. N. R. F. 
р; WYRALL, OSCAR Е. 
102nd Engineers. 
DEXTER, HARRIS E. 
Lieutenant, 30th Engineers (Gas and Flame). 
DICKIESON, A. L. 
Railway Troops, Canadian Forces, France. 
DIMMER, L. G. 
Royal Engineers. 
DIXON, JAMES 
Lieutenant, (junior grade), U. S. N. В. E., 
(unassigned). 
DONALDSON, J. M. 
Captain, 16th King's Royal Rifles. 
DORSEY, OTIS B. 
301st Machine Gun Battalion, 76th Div. 
DUFFY, FRANK J. 
Major, 103rd Engineers. 
DUNLAP, H. B. 
Officers' Training Camp. 
DYOTT, G. M. 
Squadron Commander, 
Service, France. 
EATON, BERNARD L. 
Captain, O. O. R. C. 
EDDY, LLOYD C. 
Second Lieutenant, E. O. R. C. 
EHRLICH, L. B. 
Officers’ Training Camp. 
EINSTEIN, R. H. 
National Army. 
ELLISON, LOUIS H. 
Captain, E. O. R. C. 
ELSSERGIAN, R. 
First Lieutenant, E. O. R. C. 
EMERSON, A. T. | 
Master Electrician, Coast Artillery. 
EVANS, LOUIS M. 
Captain, S. O. R. C. 
FAIRBANKS, FRANK B. 
Signal Corps. 
FAIRLEY, G. E. A. 
Captain, E. O. R. C. 
FALKENAU, ROBERT M. 
Captain, Q. M., U. S. R., U. S. Expedition- 
ary Force. 
FERNOW, B. E. JR., 
First Lieutenant, E. O. R. C. 
FIELD, CROSBY 
First Lieutenant, О. О. R. C.. 
FINNEY, J. H. 
Major, E. O. R. C., 105th Engineers. 
FISHER, E. H. 
305th Ammunition Train. 


FITZ, E. S. 
66th Aero Squadron. 
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FITZGERALD, GEO. G. 
First Lieutenant, E. O. R. C. 
FLETCHER, JOHN W. 
Second Lieutenant, E. О. R. C. 
FOLEY, J. W. B. | 
Radio Electrician (first class), U. S. М. В.Е. 
FRANKENBERRY, T. H. 
Aviation Section, S. O. R. C. 
FREEMAN, J. W. 
First Lieutenant, Engineers. 
FRIDAY, E. C. 
National Army. 
FRYE, JASON L. 
National Army. 
FULLERTON, D. P. 
Major, S. O. R. C. 
FURLONG, W. R. 
U. S. S. Nevada. 
FURNESS, DOUGLAS L. 
Elec. Gunner, U. S. N. R. F. 
GAILLARD, D. ST. P. 
First Lieutenant, O. O. R. C. 
GAMBRILL, W. N. 
Second Lieutenant, E. O. R. C. 
GARDNER, F. Q. C. 
Captain, N. Y. Coast Artiliery. 
GARRETT, J. H. 
Ensign, U. S. S. Frederick. 
GASH, FRANK T. 
Second Lieutenant, Engineer Corps. 
GAUSS, W. F. 
Captain, S. О. В. C., U. S. Expeditionary 
Force. 
GERBER, LIPMAN S. 
Second Lieutenant, Ordnance Dept. 
GFORER, А. H. 
First Lieutenant, O. O. R. C. 
GIBBONY, ALVIN P. 
15th Engineers, 
Force. 
GILCHRIST, T. ERNEST, 
10th Battery, Canadian Field Artillery, 
France. ~ 
GOETZENBERGER, R. L. 
First Lieutenant, U.S. R., U.S. Expedi- 
tionary Force. 
GOLDSMITH, ELSWORTH H. 
Master Signal Electrician, Signal Reserve 
Corps. 
GOLDTHWAITE, G. E. 
School of Military Aeronautics. 


U. S. Expeditionary 


. GOODWIN, A. JR. 


Lieutenant, U.S. №. R. F. . 
GORMAN, H. B. L. 

Captain, E. O. R. C. 
GORMAN, L. J. 

First Lieutenant, Signal Corps. 
GOTSHALL, WM. C. 

Major, Engineer Corps. 
GRAY, G. FRANCIS 

Captain, O. O. R. C., (unassigned). 
GREEN, C. W. 

Captain, C. А. О. В. C. 
GREENLEAF, MYNDRET C. 

335th Regiment. 
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GRISWOLD, A. H. 

Major, 8th Telegraph Battalion, 

Reserve Corps. 

GROWDON, JAMES P. 

Captain, E. O. R. C., 4th Engineers. 
GUISE, HIRAM B. 

Major, О. О. В. С., (unassigned). 
GUSTAFSON, В. V. 

108th Engineers. 
HAGUE, ALFRED E. 

Second Lieutenant, N. Y. Coast Artillery. 
HALL, E. C. 

Officers' Training Camp. 
HAMLEN, H. H. 

Lieutenant, U. S. М. R. Е. 
HARDENBERGH, J. В. 

Chief Electrician, U. S. S. Kentucky. 
HARE, K. R. 

First Lieutenant, O. O. R. C. 
HARISBERGER, JOHN 

Captain, E. O. R. C. 
HARRIES, GEORGE H. 

Brigadier General, 59th Depot Brigade. 
HART, ROY H. 

Sergeant, Signal Corps, (unassigned). 
HART, R. PHILIP 

Second Lieutenant, E. O. R. C. 
HAUSMANN. V. F. 

33lst Infantry. 
HAWK, LESLIE L. 

First Lieutenant, O. O. R. C. 
HAYES, DANIEL W. 

First Lieutenant, S. O. R. C. 
HAYES, HAMMOND V. 

Lieutenant, (Industrial), N. R. F. 
HAYNES, A. R. 

Captain, E. O. R. C., 316th Engineers. 
HEINZE, CARL A. 

Captain, E. O. R. C., 
HERDT, L. A. | 

Lieutenant, McGill, Training Camp, Canada. 
HEUER, REINHOLD Н. 

Sergeant, 128th Infantry. 
HILL, F. W. L. 

Second Lieutenant, 302nd Engineers. 
HILL, M. W. 

Captain, E. O. R. C. 
HIRSCH, GUSTAV 

Major, S. O. R. C. 
HODGES, W. L. 

Major, N. Y. Guard. 
HOHN, EMIL 

First Lieutenant, E. O. R. C. 
HOLBROOK, FREDERICK M. 

Corporal, 2nd Regiment, Reserve Militia, 

Illinois. 


HOLCOMB, T. W. 

First Lieutenant, E. O. R. C. 
HOLLAND, MAURICE 

Signal Corps, Officers' Training Camp. 
HOLLAND, У. Е. ® 

359th Infantry. 
HOLMES, Albert 


Lieutenant, Ist Engineers, U. S. Expe- 
ditionary Force. 


Signal 
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HOLTZ, F. C. 
314th Field Signal Battalion. 
HORNER, L. S. 
Major, Signal Corps. 
HORNING, А. У. 
Second Lieutenant, 324th Regiment, Heavy 
Field Artillery. 
HORST, А. С. 
Radio, Co., Signal Corps. 
HORTON, W. H. JR. 
Lieutenant, Ordnance Dept. 
HOWE, H. L. JR. 
Lieutenant, U. S. S. Wisconsin. 
HOWE, WM. M. 
Second Lieutenant, E. O. R. C. 
HULING, JOHN E. 
Corporal (instrument), 3rd Field Artillery. 
HUNT, WALTER S. 
| Second Lieutenant, Royal Eng:neers. 
IMES, OLIVER S. 
First Lieutenant, S. O. R. C. 
JACKSON, JOHN Р. 
Major, E. O. R. C. 
JEFFE, EPHRAIM F. 
First Lieutenant, S. О. К. C. 
JEFFERS, G. L. 
Officers! Training Camp. 
JENKS, H. LEE 
Private, Depot Battalion, National Guard 
N. Y. 
JERSEY, CHESTER C. 
Line Officer, U. S. N. 
JEWETT, F. B. 
Major, S. O. R. C. 
JOHNS, HYLAND R. 
Sergeant, Coast Artillery. 
JOHNSON, CHARLES F. 
Captain, 319th Infantry. 
JOHNSON, OTTO H. 
Second Lieutenant, E. O. R. C. 
JOHNSON, WILLARD C. 
Officers’ Training Camp. 
JONES, С.А.” 
Lieutenant Commander, U. S. N. 
JONES, GEO. H. 
Second Lieutenant, 2nd Regiment, Illinois 
Reserve Militia. 
JONES, KENNETH B. 
Second Lieutenant, 
Engineers. 
JONES, REID 
Captain, E. O. R. C. 
JONES, R. E. 
Mechanical Transport, Canadian Expedi- 
tionary Force, France. 
JONES, REGINALD L. 
Captain, S. O. R. C. 
JOSEPHS, LYMAN C. JR. 
First Lieutenant, E. O. R. C. 
JOYCE, J. B. JR. 
2nd Regiment, 
Guard, N. J. 
JUNKERSFELD, P. 
Major, E. O. R. C. 
KANE, JOHN J. 
Officers' Training Camp. 


E. O. R. C. 104th 


Field Artillery, National 
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KATTE, EDWIN B. 
Major, E. O. R. C. (unassigned). 
KAUMHEIMER, EDWIN A. 
Second Lieutenant, 310th Engineer Train, 
85th Div. 
KEELER, FRANK S. 
22nd Engineers, N. Y. 
KEELER, N. B. 
Captain, E. O. R. C. 
KEENAN, EDWARD T. 
Captain, Engineer Corps. 
KEENE, A. D. 
Second Lieutenant, Engineer Corps. 
KEHL, R. J. 
First Lieutenant, O. O. R. C. 
KELLY, JOSEPH T. JR. 
Captain, E. O. R. C., 305th Engineers. 
KENNEDY, ALEXANDER, JR. 
First Lieutenant, Engineer Corps, 
Expeditionary Force. 
KENNEDY, OWEN W. 
Second Lieutenant, E. O. R. C. 
KENNEDY, SCOTT J. 
First Lieutenant, S. O. R. C. 
KENNEDY, VERNE C. 
First Lieutenant, 4th South Dakota Infantry. 
KEPLINGER, WM. L. 
Captain, E. O. R. C. 
KERRIGAN, ARTHUR J. 
Chief Yeoman, U. S. N. R. F. 
KEYES, EDWIN F. 
Sergeant (first class), Signal Corps. 
KIERSTEAD, FRIEND H. 
Second Lieutenant, E. О. В. С., 30186 
Engineers. 
KILGOUR, HAMILTON 
Division Officer, Royal Engineers. 
KIRCHNER, HENRY P. 
First Lieutenant, O. O. R. C. 
KISTLER, ROY E. 
Second Lieutenant, E. 0. В. C., 301st Engi- 
neers. 
KIVLIN, ALFRED P. 
Second Lieutenant, 301st Engineers. 
KNIGHT, EARL М. 
Lieutenant, 331st Infantry, №, А. 
*KNOWLTON, А. E. 
E. O. R. C. 
KORNFELD, FREDERICK H. 
First Lieutenant, E. О. В. C. (unassigned). 
KREY, B. H. 
First Lieutenant, Aviation Section, Signal 
Corps, U. S. Expeditionary Force. 
KREIGSMANN, A. E. 
Captain, E. O. R. C., 308th Engineers. 
KUTNER, S. D. 
Second Lieutenant, E. O. R. C. 
KYLE, ELMER L. 
First Lieutenant, O. O. R. C. (unassigned). 
LACOMBE, CHARLES F. 
Captain, 25th Engineers. 
LAING, G. S. 
Officers' Training Camp. 
LANCASTER, WM. C. 
Captain, E. O. R. C. (unassigned). 
*Commission Pending. 
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LATZER, FREDERICK 

Corporal, 302nd Engineers. 
LAWSON, F. I. 

Signal Corps, N. A. 
LAWSON, JOEL S. 

First Class Petty Officer, U. S. N. R. F. 
LEAVITT, ARTHUR R. 

Sergeant, 76th Aero Squadron, Signal Corps. 
LEE, CARL 

First Lieutenant, E. O. R. C. 
LEE, CLAUDIUS 

Captain, O. O. R. C. 
LEGIER, EDWARD W. 

First Lieutenant, 310th Engineers. 
LEILICH, FRANK 7. 

First Lieutenant, U. S. R. 
LEMP, Н. J. 

Second Lieutenant, 16th Penn. Infantry. 
LIBBEY, MILES A. 

` Lieutenant Commander, U. S. М. 
LICHTENBURG, CHESTER 

Second Lieutenant, E. O. R. C. 
LITTLE, J. H. 

Officers' Training Camp. 
LLOYD, AUSTIN M. 

First Lieutenant, Ft. Leavenworth. 
LONG, CARL C. 

Aviation Service. 
LOVELL, A. H. 

Major, 310th Engineers. 
LUEDTKE, FRANK P. 

Second Lieutenant, E. O. R. C. ЕО). 
LUFKIN, FRED К. 

Electrician, Mass. General Hospital, Base 

Hospital Unit No. 6. 

LUSTER, ERIC W. 

Second Lieutengnt, E. O. R. C., 2nd Engi- 

neers. 

LYNETT, JAMES D. 

Electrician (first class), U. S. S. Kentucky. 
LYON, R. R. 

Captain, Coast Artillery. 
LYSTER, T. L. B. 

Major, Signal Corps, France. 
MACOMBER, ALEXANDER 

Captain, E. O. R. C. 
MACGREGOR, JAMES J. 

Canadian Engineers Training Camp. 
MAC TAVISH, HERBERT J. 

Lieutenant, Royal Field Artillery, France. 
MAGEE, JOHN W. 

Second Lieutenant, E. O. R. C. 
MAHAN, J. H. 

Aviation Section, Signal Corps. 
MAILHOUSE, ROBERT J. 

U.S. М. В.Е. 
МАГВУ, ЗЕТН С. 

First Lieutenant, О. В. C. 
MANSON, G. K. 

Major, S. O. R. C. 
MAPES, MILTON C. 

First Lieutenant, 301st Engineers. 
MARKHAM, CARL W. 

Captain, E. O. R. C. 
MARTIN, KINGSLEY С. 

Captain, Motor Truck Co. 57. 
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MARTINDALE, E. H. 
Captain, E. O. R. C. 
MAXWELL, F. R. 
U. S. N. R. F. 
MAXWELL, J. M. S. 
Captain, Royal Engineers. 
MAY, RICHARD B. 
First Lieutenant, E. O. R. C., 308th Engi- 
neers. 
MAYER, EDWIN C. 
Captain, С. А. О. Е. C. 
McCLURE, D. C. 
First Lieutenant, 314th Engineers. 
McDOUGAL, CHARLES A. 
Training Camp. 
McGEACHIN, W. В. 
Captain, Е. О. В. C. 
McGRATH, М. К. 
Major, S. О. В. C., U. S. Expeditionary 
Force. 
МСІУЕВ, С. М. JR. 
Captain, E. O. R. C. 
McKEE, GROSVENOR 5. 
First Lieutenant, E. O. R. C. 
McKEE, MYRON 
First Lieutenant, E. O. R. C. 
McKELVEY, CLINTON Е. 
12th Telegraph Battalion. 
McLAY, ANGUS D. 
First Lieutenant, S. O. R. C. 
McLELLAN, WILLIAM. 
Lieutenant Colonel, British Forces. 
(Assigned to Admiralty). 
McLEMAN, J. C. E. 
Aviation Section, Signal Corps. 
MERSHON, RALPH D. 
Major, E. O. R. C. 
METZ, E. C. 
Lieutenant, U. S. N. 
MILLAR, EDWARD A. JR. 
First Lieutenant, Ordnance Dept. 
MILLER, FREDERICK 
First Lieutenant, E. O. R. C. 
MILLER, J. EDGAR 
Captain, E. О. В. C., О. S. Expeditionary 
Force. 
MILLER, LORIMER D. 
Captain, E. O. R. C. 
MOORE, CHARLES J. 
Second Lieutenant, E. O. R. C. 
MORGAN, JOHN D. 
First Lieutenant, E. O. R. C. 
MORELY, E. L. 
Naval Coast Reserve. 
MORROW, RUSH B. 
Captain, E. O. R. C. 


MULOCK, REDFORD Н. 
Squadron Commander, Royal Naval Air 
Service. : 
MURPHY, ]. ]. 
Second Lieutenant, Е. О. В. C. 
NEWHALL, WM. B. 
Captain, E. O. R. C. 
NEXSEN, R. H. 
First Lieutenant, U. S. S, Kentucky. 
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NICKEL, L. W. 

Electrician, U. S. N. R. F. 
NIMS, LESLIE W. 

First Lieutenant, 316th Engineers. 
NOLTE, ROBERT W. 

First Lieutenant, E. O. R. C.,7th Engineers. 
NORMAN, C. L. 

26th Engineers. 
OAKES, MALCOLM C. 

344th Field Artillery, М. А. 
OLSON, RAYMOND Е. 

First Lieutenant, 116th Engineers. 
ORBISON, THOMAS E. 

First Lieutenant, E. O. R. C. 
O'REILLY, THOMAS W. 

Captain, Medical Officers' Reserve Corps. 
OWENS, ROBERT B. 

Captain, 5. О. В. C. 
РАМТОМ, Н. D. 

Lieutenant, Ft. Ceswell, М. C. 
PARKHURST, A. F. 

Lieutenant, U. S. N. R. F. 
PASTORIZA, HUGH 

First Lieutenant, O. O. R. C. 
PEASE, MAURICE М. 

Captain, 301st Engineers. 
PEIRCE, A. E. 

Captain, E. O. R. C. 
PENNEY, F. H. 

Officers’ Training Camp. 
PERRIN, L. M. 

First Lieutenant, Signal Corps. 
PERRY, EDGAR R. 

Second Lieutenant, E. O. R. C. 
PETERSON, ALFRED J. A. 

Camp American University. 
PETERSON, C. A. 

Captain, E. O. R. C. 
PHILBRICK, J. S. 

Gunner, U. S. М. В. Е. 
PHILIP, HERBERT A. 

First Lieutenant, 302nd Engineers. 
POLLOCK, JOHN D. 

First Lieutenant, S. O. R. C. 
POLSTER, M. A. 

National Army. 
POPE, С. J. 

First Lieutenant, Motor Ordnance Section. 
POST, F. B. 

Sergeant, Coast Artillery. 
PRESCOTT, R. D. 

Captain, S. O. R. C. 
PRICE, MILTON N. 

Ensign, U. S. №. В. F., О. S. S. Sylvia. 
PRINCE, D. C. 

First Lieutenant, Ordnance Dept. 
PRIOR, ALLEN A. 

First Lieutenant, C. A. O. R. C. 
RAAB, HARRY Е. 

Second Lieutenant, E. O. R. C. 
RAINES, HERBERT 

143rd Field Artillery. 
RAMSAY, J. ARTHUR 

First Lieutenant, Engineers(unassigned). 
RAMSAY, JOSEPH W. | 

First Lieutenant, Aviation Section, S.O.R.C, 
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RANSOPHER, SILAS M. ; 
Captain, 117th Field Battalion, 
Troops, 42nd Division. 
REDDIE, WM. W. 
Camp Lee, Va. 
REED, H. P. 
Lieutenant, N. R. F. 
REHFIELD, GROVER G. 
Captain, Ft. Leavenworth, Kansas. 
REYNOLDS, RALPH W. 
Second Lieutenant, E. O. R. C. 
RICHARDS, KEENE 
Captain, S. O. R. C. 
ROBERTS, C. W. 
First Lieutenant, О. О. В. C. 
ROBERTS, HENRY G. 
Officers' Training Camp. 
ROBERTS, SPENCER 
First Lieutenant, 304th шаны 
ROBERTS, W. S. 
Officers' Training бады. 
ROBISON, CHARLES D. 
Captain, E. O. R. C., 306th Engineers. 
ROCKWELL, ROBERT L. 
Corporal, Washington State Guard. 
ROGERS, ASA L. 
Lieutenant, 301st Engineers. 
ROGERS, CLARENCE B. 
Private, 201st Aero Squadron. 
ROOP, J. CLAWSON 
Captain, 17th Engineers, 
tionary, Force. 
RORTY, M. C. 
Major, O. O. R. C. 
ROSE, C. E. 
Captain, E. O. R. C. 
ROSE, W. H. 
Major, General Engineer Depot. 
ROSENBLATT, ARTHUR M. 
First Lieutenant, E. O. R. C. 
ROWELL, L. D. 
Captain, E. O. R. C. 
RUGG, HAROLD H. 
Sergeant, 4th Infantry, South Dakota Na- 
tional Guard. 
RUSSEL, EDGAR 


Signal 


U. S. Expedi- 


Colonel, Chief Signal Officer, General 
Pershing's Staff, France. 
RUST, E. P. 


Chief Engineer, U. S. S. Sialia. 
SAMPLE, RALPH M. 

Master Engineer, 102nd Engineers. 
SANDS, WM. H. 

Second Lieutenant, 315th Field Artillery. 
SCHALLER, W. F. 

Lieutenant, O. O. R. C. 
SCHANTZ, L. C. 

Officers' Training Camp. 


SCHLUTER, W. H. F. 
Ensign, U. S. S. Leviathan. 
SCHOEL, W. A. 
Captain, E. O. R. C. 
SCHOEPF, Т. Н. 
Captain, 15th Engineers, 
tionary Force. 


U. S. Expedi- 
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SCHULTZ, G. E. 
N. J. State Militia. 
SCHWARTING, H. F. 
Corporal, N. A. 
SEALEY, P. THWAITES 
Captain, E. O. R. C. (unassigned). 
SHALLCROSS, W. M. 
Captain, E. O. R. C., 26th Engineers. 
SHAND, ERROL B. 
Sergeant, 10th Halifax SiegeBattery, Canada. 
SHAW, CARROLL Н. | 
Captain, Е. О. В. C. 
SHEPARD, E. M. 
First Lieutenant, Officers' Training Camp. 
SHEPPARD, HARRY S. 
Captain, S. O. R. C. 
SHRIEVE, HERBERT E. 
Major, S. О. В. C., France. 
SIGMAN, JOS. 
Electrician (2nd class), Naval Base Hos- 
pital, League Island Pa. 
SILVA, А. D. 
Officers’ Training Camp. 
SIMPSON, ALSTON R. 
Lieutenant, U. S. S. DeKalb. 
SIMPSON, FREDERICK G. 
Lieutenant Commander, U. S. N. R. F. 
SKEHAN, E. A. 
Lieutenant, U. S. N. R. F. 
SLADE, ARTHUR J. 
Captain, Aviation Section S. O. R. C. 
SMITH, ROBERT W. 
Second Lieutenant, E. О. В. C., 
Engineers. 
SNOW, WILBUR R. 
Electrician (first class), U. S. N. R. F. 
SOMERS, R. H. 
Major, Ordnance Dept. 
SPEIRS, C. W. 
Captain, 5th Surrey Volunteer Regiment. 
SPENCER, C. G. 
First Lieutenant, Aviation Section, S. O. 
| R. C. 
STANTON, RAYMOND L. 
First Lieutenant, E. O. R. C. 
STANWICH, C. A. 
Second Lieutenant, E. O. R. C. 
STARR, ARTHUR B. JR. 
First Lieutenant, 154th Field Artillery. 
STEIN, SAMUEL 
National Army. 
STEINBACH, EDW. S. 
301st Infantry. 
STEINER, LEO E., 
Signal Reserve Corps. 
STEVENOT, J. E. H. 
Captain, Signal Corps, Philippine National 
Guard. 
STEWARD, W. A. 
Master Signal Electrician, Signal Reserve 
Corps. : 
STONE, DONALD D. 
First Lieutenant, Ordnance Dept., 
STORZ, J. F. 
Officers' Training Camp. 
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STOTTLER, MALCOLM W. 

Corporal, 319th Infantry. 
STRATEMEYER, EDWIN A. 

Officers’ Training Camp. 
STUDE, А. J. 

14th Engineers, О. S. Expeditionary Force. 
SULTZER, MORTON 

First Lieutenant, S. O. R. C. 
SWAN, GEORGE L. 

Lieutenant, Depot Brigade, Camp Devens, 

Mass. 

SWARTZ, TASSO W. 

Lieutenant, 53rd Infantry. 
TATUM, L. L. 

Lieutenant Commander, U. S. N. R. F. 
TAUSSIG, WM. S. 

Captain, E. O. R. C., 114th Engineers. 
TAYLOR, WILLIAM T. 

Captain, Royal Flying Corps, France. 
TENNEY, ROBERT B., JR., 

First Lieutenant, S. O. R. C. 
THOMAS, HERBERT C. 

First Lieutenant, E. O. R. C., France. 
THOMPSON, €. С. 

Provisional Ensign, U. S. N. R. F. 
THOMPSON, JOHN F. 

Colonel, Ordnance, War Dept. 
THOMPSON, W. R. 

Captain, 109th Engineers. 
THOMSON, М. Н., JR. 

Captain, E. O. R. C. 
THORNE, HOWARD O. 

105th Engineers. 
THORNTON, GEO. C. 

Captain, 106th Engineers. 
TILLSON, PERCY E. 

Lieutenant, U. S. N. R. F. 
TINSLEY, JOHN Е. 

Major, О. О. В. C. (unassigned). 
TOUCHE, ARTHUR S. 

First Lieutenant, E. O. R. C. 
TOWLE, THOMAS D. 

Second Lieutenant, 

Engineers. 

TOWNSEND, CHARLES P. 

Officers’ Training Camp. 
TOWNSLEY, F. P. 

Captain, E. О. В. С., 311th Engineers. 
TREAT, ROBERT B. 

Major, O. O. R. C. 
TRINKLE, В. J. 

Officers' Training Camp. 
TRIPIER, HENRI 

Captain, Artillery, Paris. 
TRUST, H. G. 

British Expeditionary Force, France. 


TURNOCK, H. C. 

First Lieutenant, Coast Artillery, 

Expeditionary Force. 

TWOGOOD, RALPH S. 

Captain, E. O. R. C. (unassigned). 
VAWTER, JAMES H. 

Captain, E. O. R. C. (unassigned). 
VICKERY, W. 

Captain, U. S. R., Motor Supply Train. 
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«оч SCHRENK, ARNOLD 
First Lieutenant, Aviation Section, S. O. 
R. C. 
WAGNER, C. F. 
Captain, E. O. R. C. 
WAITE, LESLIE O. 
Second Lieutenant, E. O. R. C., 302nd 
Engineers. 
WALDMANN, C. A. 
Captain, Ordnance 
WALKEM, GEO. A. 
Captain, Royal Engineers, Egyptian Ex- 
peditionary Force. 
WARD, BUTLER E. 
Second Lieutenant, 
Engineers. 
WARNER, OSCAR C. 
Captain, Coast Artillery. 
WARNER, RUSSEL A. 
First Lieutenant, E. O. R. C. 
WATT, GEORGE Y. 
Chief Electrician, U. S. N. R. F. 
WEBB, L. W. 
Master Electrician, U. S. Navy. 
WEBSTER, JAMES C. 
First Lieutenant, E. O. R. C. 
WEISS, CHARLES С. A. 1 
Chief Petty Officer, Electrical, U.S. М. В. Е. 
*WELKER, JAS. A. 
First Lieutenant, E. O. R. C. 
WELLER, F. M. 
First Lieutenant, O. O. R. C. 
WELLS, A. E. 
Major, 121st Infantry. 
*WHITE, HARRY L. 
First Lieutenant, O. O. R. C. 
WHITE, LLOYAL R. 
Officers' Training Camp. 
WHITEHEAD, J. B. 
Major, E. O. R. C. 
WHITNEY, ERLE F. 
Captain, E. O. R. C. (unassigned). 
WILLIAMS, EDMUND Е. 
First Lieutenant, E. O. R. C. 
WILLIAMS, SAMUEL S. 
Aviation Section, Signal Reserve Corps. 
WILSON, EVERITT W. 
Captain, E. O. R. C. 
WILSON, HENRY C. 
Major, Coast Artillery. 
WILSON, JAMES R. 
Second Lieutenant, E. О. В. С., 304th 
Engineers. 
WILSON, PERCY J. 
Captain, 304th Engineers. 
WILSON, RICHARD M. 
Second Lieutenant, E. O. R. C. 
WIMAN, L. E. 
Officers' Training Camp. 
WINKLEY, S. F. 
Lieutenant, Royal Naval Volunteer Reserve. 
WINSHURST, H. E. 
E. O. R. C. 


*Commission pending. 
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WOLF, H. C. 

First Lieutenant, E. O. R. C. 
WOODHULL, L. В. 

Captain, E. O. R. C., 304th Engineers. 
WOOLFSON, MONROE G. | 

305th Infantry. 
WORTHINGTON, Е. Н. 

Officers' Training Camp 


MEMBERSHIP SERVICE CLASSI- 
FICATION 
Under date of November 1 the fol- 
lowing letter was mailed to each 
member of the Institute, together 
with the classification form referred to 
therein: 


November 1, 1917 


To the Membership of the Institute 
GENTLEMEN: 

Various branches of the Army, Navy, and 
other governmental departments as well as 
many industrial establishments, are calling upon 
the Institute for assistance in obtaining men of 
specified technical qualifications. То respond 
promptly and effectively it is necessary that 
detailed information regarding the many In- 
stitute members who are available and anxious 
to serve, shall be on file at Institute headquarters. 

Accordingly the Directors have authorized 
the Secretary to request each member to fill 
out and return the enclosed classification form 
which has been prepared by the cooperation of 
several engineering societies with the object 
of covering all branches of engineering, and of 
providing for uniformity in classification, in 
the hope that ultimately the records thus ob- 
tained by different societies may be combined 
in a single index in a central bureau. 

Your prompt cooperation, even though you 
have already filled out similar blanks for other 
organizations and whether you are available 
for service or not, is requested. Particular at- 
tention should be devoted to the record of your 
technical training and experience on page 2 and 
the index schedule which follows. 

Although the immediate need of obtaining 
and indexing this information is to enable the 
Institute to render greater service to the Gov- 
ernment, the intention is to maintain a perma- 
nent 41е of such data, revised from year to 
year; this is needed in connection with the regu- 
lar work of the Institute, and will probably 
prove of increasing value after peace has been 
declared, in providing for the readjustment in 
the industries, with a view to the utilization of 
the services of the membership to the best ad- 
vantage of the individual engineer and of the 
nation. 

Very truly yours, 
F. L. HUTCHINSON, 
Secretary 
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WULSIN, LUCIEN 

First Lieutenant, Engineer Corps, France. 
WURTS, THOMAS C. 

First Lieutenant, E. O. R. C. 


YUNDT, GEO. J. 


Major, S. O. R. C. 
ZORING, H. H. 
Captain, Ordnance Dept. 


About two thousand members have 
already responded by filing out and 
returning the form to Institute head- 
quarters, and the information thus 
obtained is now being classified in 
card-index form at Institute head- 
quarters under the direction of a com- 
mittee on classification consisting of 
Messrs. А. S. McAllister, Chairman, 
W. A. Del Mar and William McClel- 
lan. These records will be of great 
value, not only to meet the demands 
upon the Institute from the Army, 
Navy, and other branches of the Gov- 
erment, in connection with the present 
war situtation, but will also be avail- 
able for many purposes in connection 
with the regular activities of the 
Institute. 

Members who have not yet returned 
the classification form particularly those 
who are available at the present time 
for service, either military or civilian 
are urged to give the matter their 
early attention. 


А. I. E. E. DIRECTORS’ MEETING 
NEW YORE, NOVEMBER 9, 1917 


The regular monthly meeting of the 
Board of Directors was held at Institute 
headquarters, New York, on Friday, 
November 9, 1917, at 3:30 p. m. 

There were present: Vice-Presidents, 
B. A. Behrend, Boston, Mass., L. T. 
Robinson, Schenectady, N. Y., Fred- 
erick Bedell, Ithaca, М. Y., А. S. 
McAllister, New York; Managers, John 
B. Taylor, Schenectady, N. Y., Harold 
Pender, Philadelphia, Pa., C. E. Skinner 
and Wilfred Sykes, Pittsburgh, Ра., 
М. А. Carle, Newark, М. J., William A. 
Del Mar, New York; Treasurer, George 
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A. Hamilton, Elizabeth, М. J., and 
Secretary, F. L. Hutchinson, New York. 
In the absence of President Rice, 
Senior Vice-President Behrend presided. 
The action of the Finance Committee 
in approving monthly bills amounting 
to $8806.58 was ratified. 

The Meetings and Papers Com- 
mittee reported having held a meeting 
earlier in the afternoon, at which a 
tentative schedule of meetings for the 
balance of the administrative year was 
decided upon as follows. 

December 14, 1917, regular Institute 
meeting in New York; January 11, 1918, 
regular Institute meeting in New York, 
and Institute meetings in Boston and 
Chicago, under the auspices of the local 
Sections, exact dates to be decided upon 
later; the same technical papers to be 
presented at all three meetings; Febru- 
ary 14, 15, 16, 1918, Mid-winter Con- 
vention, New York; March 8, 1918, 
regular monthly Institute meeting in 
Cleveland, under the auspices of the 
Cleveland, Detroit, Toledo, Toronto 
and Pittsburgh Sections. (There will 
be no meeting in New York in March) 
April 12, 1918, regular Institute meeting 
in New York, and Institute meeting in 
Pittsburgh, exact date of which is to 
be decided later, the same paper to be 
presented at both meetings; May 17, 
1918, Annual business meeting in New 
York; June, 1918, Annual Convention 
week beginning Monday, June 24, 1918, 
the location to be decided later. 

The report of the Board of Examiners 
of its meeting held on October 30, 1917, 
was presented and the actions taken at 
that meeting were approved. Upon the 
recommendation of the Board of Exam- 
iners the following action was taken 
. upon pending application: 96 students 
were ordered enrolled, 21 applicants 
were elected to the grade of Associate, 
l applicant was reinstated to the grade 
of Associate, 3 applicants were elected 
to the grade of Member, and 4 appli- 


cants were transferred to the grade of 


Member. The names of these applicants 
will be found elsewhere in this issue. 
The attention of the Board of Direc- 
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tors having been called to the organiza- 
tion of the Professional Classes War 
Relief of America, the following resolu- 
tion was adopted: 


RESOLVED, that the Board of Directors of the 
American Institute of Electrical Engineers hereby 
expresses its sympathy with the movement which 
has resulted in the organization of the Professional 
Classes War Relief of America, and heartily 
endorses the aims and purposes of this relief 
organization, which has been created by the 
cooperation of members of the various professions. 


А letter was read, dated Rome, Octo- 
ber 4, 1917, from Signor Guglielmo 
Marconi, expressing his appreciation of | 
the honor conferred upon him by the 
Board of Directors in electing him an 
Honorary Member of the Institute. 

A considerable amount of other busi- 
ness was transacted, reference to which 
will be found under appropriate head- 
ings in this and future issues of the 
PROCEEDINGS. 


А. I. E. E. MEETING IN NEW УОВК 
NOVEMBER 9, 1917 


The 334th meeting of the Institute 
was held at Institute headquarters, 
33 West 39th Street, New York, No- 
vember 9, 1917. In the absence of 
the President, Mr. E. W. Rice. Jr., 
the Senior Vice-President, Mr. B. A. 
Behrend, called the meeting to order at 
8:20p.m. The attendance was about 175. 

Mr. Behrend after expressing his 
regret at the absence of President 
Rice made a few remarks relative to 
the paper of the evening and then 
turned the meeting over to Prof. 
Frederick Bedell Chairman of the 
Electrophysics Committee. 

Prof. Bedell introduced Mr. Chester 
W. Rice who presented in abstract 
his paper entitled “Ап Experimental 
Method of Obtaining the Solution of 
Electrostatic Problems with Notes on 
High-Voltage Bushing Design’’. The 
discussion which followed was par- 
ticipated in by the following men: 
Major Ralph D. Mershon, Past-Pres- 
ident C. O. Mailloux, Mr. John B. 
Taylor, Prof. A. M. Gray, Mr. Charles 
L. Fortescue, Mr. E. DeWitt Eby, 
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Mr. F. W. Peek, Jr., Mr. M. E. Tres- 
sler, Mr. H. O. Stephens, Mr. S. W. 
Farnsworth, Mr. D. P. Orcutt, Mr. 
Selby Haar and Mr. B. A. Behrend. 
Mr. C. W. Rice then made his closure 
and the meeting adjourned. 


. GOVERNMENT SERVICE. 


Civil Engineering Corps of U. S. 
Naval Reserve Force: An examination 
will be held to select an eligibility list 
for candidates for enrolment as civil 
engineers in the U. S. Naval Reserve 
Force. Those now in the U. S. Naval 
Reserve Force and civilians are eligible. 

АП papers and other information 
required of candidates must reach the 
Reserve Examining Board, Bureau of 
Yards and Docks, Navy Department, 
Washington, D. C., by noon of Decem- 
ber 31, 1917. 

Upon the decision of а candidate that 
he is desirous of entering and can fulfill 
the requirements of a position in the 
Corps of Civil Engineers, U. S. Naval 
Reserve Force, he should fill in the blank 
spaces of a notification blank and mail 
it to the Examining Board. This should 
be done immediately, as it will be to the 
candidate's interest to get this blank 
to the Board as soon as possible. 

The candidate must be an American 
citizen and must be an engineer in the 
active practise of the profession of civil 
electrical or mechanical engineering, 
or some business directly connected 
therewith. 

To be eligible for the rank of ensign, 
a candidate must be not less than 24 
years of age and in active professional 
practise not less than two years. 

To be eligible for the rank of lieu- 
tenant (junior grade) an applicant must 
be not less than 27 years of age and in 
active professional practise not less 
than five years. 

То be eligible for the rank of lieuten- 
ant a candidate must be not less than 
30 years of age and in active professional 
practice not less than seven years and 
must have had responsible charge of 
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work as principal or assistant for at 
least three years. 

Notification blanks to be filled out by 
the applicant may be obtained upon 
application to" A. L. Parsons, Acting 
Chief of Bureau of Yards and Docks 
Navy Department, Washington, D. C. 

Radio Service U. S. A. (Non-flying): 
Electrical men are needed for radio 
work for the aviation section of the 
Signal Corps. Men with previous 
radio experience are considered de- 
sirable candidates for this service, but 
radio experience is not absolutely neces- 
sary and men who have had experience 
in telegraphy can quickly pick Мр the 
essentials and by practise become of 
equal value. In fact any man who has 
had electrical experience will be able 
to grasp the fundamentals quickly and 
in a short time become proficient in the 
work'required. 

A training school has been established 
for intensive education of radio opera- 
tors and mechanicians at Camp Kelly, 
Texas, and the course of training will 
last from six to eight weeks under most 
capable instructors the Signal Corps can 
provide. 

In addition to the elementary elec- 
trical knowledge which is necessary, the 
course will include the following sub- 
jects: Radio power circuits, primary 
circuits, secondary circuits, condensers, 
oscillations, radiated currents, ether, 
received waves, receiving circuits, de- 
tectors, wave meters, instruments. 

The last part of the course will be 
devoted to practical work and the 
operators will be required to take the 
apparatus out on the field and com- 
municate with airplanes under actual 
flying conditions. Repair men during 
the same time will work with the ap- 
paratus which 1s to be used on the planes 
and will learn how to install, repair and 
care for this apparatus. | 

Applicants will be enlisted as privates 
and will remain as such until they have 
been assigned to their proper places in a 
squadron. 

If an applicant for enlistment has had 
a college education or its equivalent, he 
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may consider himself eligible for a non- 
flying commission in the Aviation Sec- 
tion of the Signal Corps. 

Application forms for enlistment in 
this branch of the service may be 
obtained from the Secretary of the 
Institute. 

Air Service U. S. A. (Non-flying): 
There is room on the ground behind the 
lines abroad for capable skilled Ameri- 
can workers to become Non-Commis- 
sioned Officers. Squadrons are being 
formed and picked men (skilled workers) 
are being enrolled from many trades. 
These men will be given special training, 
according to their vocations, in work 
required in the Air Service. They will 
get actual practise work on airplane 
motors, trucks, airdrome construction, 
and everything that will be done on the 
other side. As soon as qualified, assign- 
ments will be made with rank, according 
to ability (corporal or sergeant). Pay 
is clear gain as all living expenses are 
borne by the government. Applicants 
must be physically sound, white, and 
from 18 to 40 years of age. For applica- 
tion blank and particulars apply to 
Volunteer Bureau, 119 D Street, N. E., 
Washington, D. C. 


PAST SECTION MEETINGS 


Boston. October 16, 1917, Engineers 
Club. Lecture by Dr. A. E. Kennelly 
on “Laboratory Tests on Long Alter- 
nating-Current Lines." Attendance 75. 

November 13, 1917, Massachusetts 
Institute of Technology. Address by 
Мг. Е. W. Peek, Jr., on “Тһе Phe- 
nomena of Lightning." Attendance 205. 

Chicago.— October 22, 1917, W. S. E. 
Rooms. Lieut. Col. L. D. Wildman, 
Chief of Signal Corps, Central Depart- 
ment, gave an address on “Тһе En- 
gineering Problems of the Signal 
Corps." Motion pictures entitled ‘‘Who 
Leads the National Army" were shown. 
Attendance 210. 

Cleveland.— October 22, 1917, Hotel 
Statler. Address by Mr. C. N. Rake- 
straw on the activities of the Section 
for the coming year. Paper: “Еп- 
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gineering Education in the Army Col- 
leges" by H. B. Dates. Attendance 42. 

Denver.—October 20, 1917, Denver 
Athletic Club. Address by Professor 
R. D. George on ''Oil Possibilities in the 
Rocky Mountain Region." Attendance 
30. 

Detroit-AnnArbor.— October 12, 
1917, Detroit Engineering Society Hall. 
Paper: “Transmission and Distribu- 
tion Systems" by D. W. Roper. At- 
tendance 90. 

November 9, 1917 Detroit Board of 
‘Commerce Building. Illustrated ай- 
dress by Mr. A. M. Dudley on ''Speed- 
Torque Characteristics of Industrial 
Motors." 

Ithaca.—October 19, 1917, Cornell 
University. Papers: (1) “Reduction 
Gear for Ship Propulsion” by Alexander 
Gray; (2) "Experience in the Design of 
a Large Power Plant” by Н. W. Brown; 
(3) "Mercury Vapor and Tungar Recti- 


fers" by R. F. Chambarlain.  At- 
tendance 45. 
Los Angeles.—October 23, 1917. 


Meeting and dinner of the Joint Techni- 
cal Societies of Los Angeles, at which 
Dr. Ira N. Hollis, member of Advisory 
Committee of National Council of 
Defense, gave an address on ''Problems 
relating to the War." Dr. Hale of Mt. 
Wilson Observatory also addressed the 
meeting on ''International Awakening 
in Scientific and Industrial Research.” 
Attendance 241. 

Minnesota.— October 18, 1917, Hotel 
Radisson. Welcome Dinner in honor 
of John R. Allen, the new Dean of the 
College of Engineering and Architecture 
of University of Minnesota.  Attend- 
ance 105. 

Panama.— October 21, 1917, Ancon, 
C.Z. Illustrated lectures as follows: (1) 
"Marine Animals" by H. W. Nighting- 
gale; (2) “Isthmian Entomology” by 
L. H. Dunn. Attendance 52. 

Philadelphia.—November 12, 1917. 
Engineers Club. Paper: “А Public 
Utility's Method of Standardization for 
their Electrical Instruments" by W. F. 
Johnson. Paper was illustrated by 
lantern slides. Attendance 88. 
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Pittsburgh.—November 13, 1917, 
Arcade Building Paper. ‘‘Arc Welding" 
by A. M. Candy. Attendance 75. 

Pittsfield.—October 25, 1917, Hotel 
Wendell. Short address by Mr. G. 
Faccioli on ‘Qualifications for а Suc- 
cessful Engineer." Lecture by Prof. 
W. S. Franklin on “Wave Motion." 
Attendance 200. 

November 8, 1917, Hotel Wendell. 
Ilustrated lecture by Mr. D. B. Rush- 
more оп “Тһе Economic Basis of In- 
dustrial Activity.» Attendance 135. 

Portland.— November 6, 1917, Mul- 
tomah Hotel. Address by Captain 
Palmer of U. S. A. Eng. Corps, entitled 
"First Campaign of the War Ending 
with German Advance on English Chan- 
nel.” Attendance 50. 

Rochester.— October 26, 1917, 
Rochester Engineering Society. Paper: 
“Some Prominent Factors in the Design 
and Operation of Modern Common 
Battery Switchboards” by К. Н. 
Manson. Attendance 24. 

San Francisco.—October 25, 1917, 
Palace Hotel. Address by Dr. Ira N. 
Hollis on “Тһе Moral Influence of 
Engineering and Efficiency." Joint 
meeting of local branches of the national 
engineering societies. 

Schenectady.— October 23, 1917, Edi- 
son Club Hall. Illustrated address by 
Captain G. P. Capart of the French 
General Staff on “Тһе Engineer at the 
Battle of Verdun." Attendance 765. 

November 13, 1917, Edison Club 
Hall. Address by Dr. Clayton Н. 
Sharp on ‘Terminology and Measure- 
ments. of Illuminating Engineering." 
Mr. G. H. Stickney, President of Illum- 
inating Engineering Society, introduced 
the speaker. Joint meeting with local 
branch of Illuminating Engineering 
Societ;. Attendance 175. | 

Spokane.—October 19, 1917, Spo- 
kane Hotel. Address by Dr. E. O. 
Holland on ‘‘The Engineers’ Respon- 
sibility as a Citizen." Attendance 46. 

St. Louis.—September 26, 1917, 
Engineers’ Club Rooms. Paper: ‘‘What 
Electricity Is’- by Terrell Croft. At- 
tendance 83. 
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October 24, 1917, Engineers' Club. 
Address by Prof. А. C. Lanier оп “Тһе 
Training of Engineers." Attendance 50. 

Toledo.—October 24, 1917, Toledo 
Commerce Club. Paper: ''The Under- 
ground System of Toledo" by M. E. 
Grah. 

Toronto.—October 19, 1917, Engi- 
neers’ Club. Paper: "'Transformer 
Design as Influenced by the Quality of 
Steel" by Frank T. Wyman. Attend- 
ance 50. 

October 26, 1917. Tour of the recent 
engineering developments in Toronto 
Harbor. Attendance 35. 

Washington.—November 13, 1917, 
Cosmos Club Hall. Illustrated ad- 
dress by Mr. W. В. McCann on “Тһе 
Panama Canal and Its Electrification.” 
Address by Mr. Е. A. Brown on “Тһе 
Design for the Locks of the Panama 
Canal." Attendance 142. 


PAST BRANCH MEETINGS 

University of Arkansas.— October 29, 
1917, Engineering Hall. Organization 
meeting. Addresses by Mr. Robison 
and Prof. Wadleigh. Attendance 12. 

November 12, 1917, Engineering Hall. 
Papers: (1) 'Magneto Ignition vs. 
Battery Ignition;" (2) “Тһе Electric 
Furnace in the Steel Industry." Address 
by Prof. Halperin on “Mathematics.” 


Attendance 10. 


Armour Institute.—October 18, 1917. 
Y. M. C. A. Rooms. Illustrated ad- 
dresses as follows: (1) "Distribution of 
Central Station Energy through Sub- 
stations" by E. W. Grover; (2) "Elec- 
tron Theory" by W. C. Bauer. At- 
tendance 35. 

November 7. 1917, Physics Lecture 
Room. Addresses as follows: (1) 
"Types, Uses and Advantages of Re- 
lays" by E. Н. Freeman; (2) “Relays 
in Transmission Lines” by О. W. Roper. 
Attendance 44. | 

Brooklyn Polytechnic Institute.—No- 
vember 2, 1917, Mailloux Library. П- 
lustrated lecture on ‘‘Commercial Meter 
Testing" by F, E. Canavaciol. Attend- 
ance 22. 
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University of California.— October 10, 
1917. Paper: "Power Line Construc- 
tion" by F. H. Vernon. Attendance 19. 

Carnegie Institute of Technology.— 
October 17, 1917. Election of officers 
as follows: chairman, W. F. Eames; 
vice-chairman, R. C. Barron; student 
secretary, F. K. Ball; permanent secre- 
tary, B. C. Dennison; treasurer, W. R. 
Fuller; executive committee, Messrs. 
E. M. Pugh, L. J. Murphy and Geo. N. 
Flocus. Addresses on ''Technical Ex- 
periences during the Past Summer” by 
Messrs. W. F. Eames, F. K. Ball and 
E. M. Pugh. Attendance 27. 

Clarkson College.— November 7,1917. 
Paper: ''The Brayton Cycle Engine" 
by A. R. Powers. Attendance 8. 

Colorado State Agricultural College. 
— October 9, 1917, Electrical Building. 
Demonstration meeting. Attendance 55. 

October 22, 1917, Electrical Building. 
Address by Prof. L. S. Foltz on “Кап 
Bonding." Attendance 10. 

Kansas State Agricultural College.— 


November 8, 1917, Denison Hall. 
Papers: (1) ‘‘Characteristic Curves of 
Shunt, Series and Compound Gen- 


erators, also the Hysteresis Loop; (2) 
"Electric Ship Propulsion;" (3) ‘The 
Х-Бау;” (4) “Electrical Service on the 
Chicago, Milwaukee and St. Paul К. К.” 
Address by Prof. C. E. Reid on “Тһе 
Draft Situation." Attendance 44. 

University of Kansas.— October 9, 
1917. Address by Mr. W. H. Bettz 
giving his experience as a wireless 
telegraph operator on the U. S. S. 
Philadelphia. Address by Prof. Geo. 
C. Shaad on “Тһе А. I. E. E. and Its 
Relation to the Student." Attendance68. 

October 24, 1917, Marvin Hall. 
Election of officers as follows: chair- 
man, Clarence Lynn; vice-chairman, 
Charles L. Shughart; secretary-treas- 
urer, Robt. W. Warner. Attendance 39. 

November 7, Marvin Hall. Ad- 
dresses as follows: (1) ‘‘Theory of the 
A-C. Watthour Meter" by H. J. Gish; 
(2) “Design of a Portable A-C. Test Set” 
С. L. Shughart; (3) “Present Day 
Tendencies in Watthour Meters” by 
А. К. Farnsworth. Attendance 28, ` 
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Lafayette College. — October 20, 1917, 
Pardee Hall. Papers: (1) “Тһе Corona 
Voltmeter;" (2) "Methods of Making 
Power Investigations." Attendance 16. 

Lehigh University.— October 25, 1917, 
Physics Building. Papers: (1) "Ex- 
periences at General Electric Works 
during Summer Vacation" by G. R. 
Lawall; (2) “Тһеогу of Electrons and 
Some Practical Applications. of the 
Vacuum Tube" by S. S. Seyfert. 
Attendance 77.` 

Massachusetts Ifástitute of Tech- 
nology.— October 22, 1917, Lecture by 
Captain E. C. Canfield, U. S. А. on 
“Тһе Construction of Camp Devens." 
Attendance 83. 

November 13, 1917, Smith Hall. 
Illustrated address by Mr. F. W. Peek, 
Jr., on “Тһе Phenomena of Lightning." 
Attendance 282. 

University of Missouri.—October 15, 
1917, Engineering Building. Election of 
Emery Spracklin as vice-chairman. 
Addresses as follows: (1) “Тһе In- 
stitute, Its Scope ” by Н. B. Stone; (2) 
“Тһе Student Branch" by Е. Groes- 
bech. Attendance 23. 

November 5, 1917, Engineering 
Building. Papers: (1) ‘‘Relation of 
Electrical Engineering to the Allied 
Field" by A. C. Lanier; (2) “Electricity 
and Its Various Applications" by M. S. 
Weinbach. Attendance 26. 

University of Nebraska.—November 
7, 1917, Electrical Engineering Build- 
ing. Illustrated address by Prof. E. E. 
Brackett on “Тһе Development and 
Present Status of Farm Lighting 
Plants." Attendance 28. 

North Carolina College of Agricul- 
tural and Mechanical Arts.— November 
5, 1917. Illustrated lecture by Mr. F. 
N. Bell on Power Plant of the Southern 
Aluminum Company." Attendance 10. 

University of North Dakota.— October 
29, 1917. Subject: Summer Ехреп- 
ences. Speakers: Messrs. J. F. Stevens, 
E. L. Marsh and R. A. Wehe. 

Ohio Northern University.— October 
24, 1917. Addresses as follows: (1) 
"Power Plant of the American Gas and 
Electric Co. at Windsor, W. Va." by 
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Chester Sterling; (2) “Industrial Devel- 
opfnents of China” by Е. A. Lee. 

November 7, 1917. Election of 
officers as follows: Chairman, W. Е. 
Parsons; vice-chairman, J. E. Summers; 
secretary, A. J. Ferlic; treasurer, A. 
Alholm; executive committee, J. E. 
Hawe, W. E. Ward, R. E. Long, L. D. 
Beatty. Addresses as follows: (1) 
“Electrification of the C. M. & St. Paul 
В. К.” by J. Е. Hawe; (2) “Тһе Over- 
land Survey of the Toledo Railway and 
Light Company" by G. R. Brace. 

Ohio State University.—October 19, 
1917, Physics Hall. Address by Mr. 
5. G. MeMeen on “Тһе Life and Works 
of Thomas A. Edison." Attendance 65. 

November 2, 1917, Robinson Labora- 
tory. Address by Mr. S. E. Shilling on 
“Тһе Advancement of Illumination." 
Attendance 37. 

November 16, 1917, Robinson Lab- 
oratory. Address by Mr. J. C. Lincoln 
on "Arc Welding." Attendance 41. 

Oregon Agricultural College.— No- 
vember 1, 1917. Address by Professor 
R. H. Dearborn. Attendance 35. 

Pennsylvania State College. No- 
vember 1, 1917, Engineering Club 
Room. Discussion on ‘‘Power Plants" 
by Messrs. Laughrey, Wycoff and 
Taylor. Mr. Markle gave an address 
on "Forced Cooling of the Connelsville 
Plant." Attendance 51. 

November 14, 1917. Address by Mr. 
Markle on ''Characteristics of Tungsten 
Lamps." Attendance 40. 

Rensselaer Polytechnic Institute.— 
November 13, 1917, Sage Laboratory. 
Election of officers as follows: chair- 
man, Wynant ]. Williams; secretary 
Leroy C. Witt; executive committee, 
Norman S. Galvin, James A. Simons, 
Lewis T. Spruks, Charles G. Humphrey, 
Earl D. Rhodes, and Philip R. Schilling. 
Attendance 53. 

Syracuse University.— November 1, 
1917. Paper: ''Central Stations and 
Their Commercial Problems” by M. O. 
Dell Plain. Attendance 29. 

November 8, 1917 Paper: “Тһе 
Hydraulic Power Company of Niagara 
Falls" by R. S. Wells. Attendance 13. 
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Agricultural and Mechanical College 
of Texas.— October 17, 1917. Papers: 
(1) "Vacation Experiences" by W. D. 
Sexaur; (2) "Phenomena of the Short 
Circuit" by F. A. Cooper. Attendance 
30. 

November 14, 1917. Papers: (1) 
"Contractors and Their Problems" by 
А. В. McLean; (2) "Electricity in the 
Present Day Маг’ by J. B. Miller. 


` Attendance 22. 


Virginia Polytechnic Institute.—Octo- 
ber 24, 1917, Science Hall. Illustrated 
lecture by Mr. В. S. Parrish on “Edison 
and the Development of Electric Light- 
ing." Attendance 32. 

University of Virginia.—October 29, 
1917. Election of officers as follows: 
chairman, Charles Henderson; secre- 
tary, James Arthur Evans; Address by 
Prof. W. S. Rodman on the main fea- 
tures of Mr. Ryan’s paper “Шипипа- 
tion of the Panama Exposition." 
Attendance 25. | 

University of Washington.— October 
23, 1917. Paper: ''The Demand for 
Technically Trained Men" by C. E. 
Magnusson. Attendance 19. 

November 6, 1917. Paper: “Тһе 
Electrical Equipment of the Port of 
Seattle' by C. P. Gordon. Attendance 
20. 

State College of Washington.—Octo- 
ber 26, 1917. Address by Professor M. 
K. Akers on ''Advice and Success." 
Attendance 23. 

November 9, 1917. Paper: "Modern 
Ship Construction on the Pacific Coast” 
by A. C. Abell. Attendance 21. 

Worcester Polytechnic Institute.— 
October 31, 1917, Electrical Engineering 
Hall. Papers: (1) “Тһе Worcester 
Polytechnic Institute Test Car" by 
E. K. Bloss; (2) "High-Tension Insu- 
lator Testing" by H. W. Thompson; 
(3) “Тһе Three-Phase Power Relay” by 
L. W. Bond; (4) "Impressions of the 
Westinghouse Electric and Manufac- 
turing Co." by D. B. Webster. At- 
tendance 40. 

Yale University.—October 19, 1917. 
Paper: ‘‘Electric Drive for Battleships” 
by Wilfred Sykes, Attendance 165. 
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ASSOCIATES ELECTED 
NOVEMBER 9, 1917 
ANDREAE, FRITZ VOLKMAR, Head Elec- 
trician, Southern Manganese Corp.; 
res., 1206 Quintard Ave., Anniston, Ala. 

*BENKESSER, GRANT E., Engineering 
Dept., Carborundum Co.; res., 806 
Cedar Ave., Niagara Falls, N. Y. 

BIBIGHAUS, ALEXANDER JOSEPH, Elec- 
trical and Mechanical Designer, En- 
gineering Dept., Bethlehem Steel Co., 
S. Bethlehem, Pa. 


BLITMAN, CHARLES Howanp, City 
Engineer and Manager, Glasgow, 
Montana. 


CLARKE, JOHN LEONARD, Engineer, Bell 
Telephone Co. of Canada, Notre 
Dame St.; res., 2300 Park Ave., Mon- 
treal, Quebec. 

Driccs, LoRENzO J., Superintendent, 
Penn Public Service Co.; res., 352 S. 
6th St., Indiana, Pa. 

Егѕом, C. HAWTHORNE, Member of 
Firm, West Virginia Engineering Co.; 
res, 1513 Virginia St., Charleston, 
W. Va. 

*ENcER, THORBJORN K., Transformer 
Engineering Dept., General Electric 
Co.; res., 1546 North St., Pittsfield, 
Mass. 

FLEMING, ELLIOTT, Electrical Engineer, 
Union Steamship Co., Port Chalmers, 
N. Z. 

GIRDLESTONE, CHARLES FREDERICK, 17 
Seabank Road, Egremont, Cheshire, 
England. 

GRUBBs, CHARLES, District Foreman 
- Coast Valleys Gas & Electric Co.; 
res., 334 Capital St., Salinas, Cal. 
*HavasHI, YAGENDA, Electrical En- 
gineer, Hitachi Engineering Works, 

Sukegawa, Ibaragi-ken, Japan. 

KELLAR, HERBERT AUSTIN, Hydroelec- 
tric Station Operator, Colorado Power 
Co., Glenwood Springs; res., 1021 
Lincoln Pl., Boulder, Colo. 

MILLER, WiLLIAM Howarp, General 
Electric Co., Fort Wayne Works; 
res., 1118 Cass St., Fort Wayne, Ind. 

*OAKES, CHARLES ERNEST, Assistant 
Electrical Engineer, Bureau of Stand- 
ards, Washington, D. C. 
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. PERLESZ, Носо, Production Manager, 


Electro Dynamic Co.; гез., La Tour- 
ette Hotel, Bayonne, N. J. 
PRITCHARD, AMos DURBEN, Western 
Electric Со. Hawthorne Station; 
res., 1515 W. Monroe St., Chicago, Ill. 
SYRON, THOMAS A., Electrical Contrac- 
tor, 196 Scott St., Wilkes-Barre, Pa. 
*TOYOMURA, CHUSHIRO, Electrical En- 
gineer, Hitachi Engineering Works, 
Sukegawa, Ibaragi-Ken, Japan. 
*WATSON, JAMES LEwis, General Elec- 
tric Co., Schenectady, М. Y.; res., 500 
Е. 23га St., Vancouver, Wash. 
WOLFINGER, Louis FREDERICK, Head 
of Mechanical and Electrical Dept., 
Consolidated Engineers, 803 Baker- 
Detwiler Bldg., Los Angeles, Cal. 
* Former enrolled students. 
Total 21. 


ASSOCIATE REELECTED 
NOVEMBER 9, 1917 


MILLER, ANDREW OTTERSON, Engineer, 
J. G. White Corp.; res., 338 W. 86th 
St., New York, М. Y. 


MEMBERS ELECTED NOVEMBER 9, 
1917 


CLOTHIER, HENRY WILLIAM, Manager, 
A. Reyrolle & Co. Ltd., Hebburn-on- 
Tyne, England. 

SPENGLER, WARREN D., Electrical 
Engineer, Firestone Tire & Rubber 
Co., Akron; res., Hudson, Ohio. 

VAN DER BIJL, Н. J., Research Physicist, 
Western Electric Co.; res., 509 West 
121st St., New York, N. Y. 


TRANSFERRED TO THE GRADE OF 
MEMBER, NOVEMBER 9, 1917 


Cook, JAMES A., Assistant Chief of 
Laboratory, New York Edison Co., 
New York, N. Y. 

FRANKLIN, RAYMOND E., Superintend- 
ent of Electrical Dept., Yukon Gold 
Co., Dawson, Y. T. 

HEIDENREICH, ALLAN H., Electrical 
Engineer, Firestone Tire & Rubber 
Co., Akron, O. 

SNYDER, FREDERICK T., President, 
Electric Furnace Corp., Chicago, Ill. 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its regu- 
lar monthly meeting, held on October 
30, 1917, recommended the following 
members of the Institute for transfer to 
the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To Grade of Fellow 
Мс№сот, DONALD, Assistant Elec- 
trical Engineer, Postal Telegraph 
. Cable Со., New York, М. Y. 


To Grade of Member 

ALLING, SYDNEY, Engineer Electric Dis- 
tribution, Rochester Railway & Light 
Co., Rochester, N. Y. . 

BEAVER, JACOB L., Distribution Dept., 
Philadelphia Electric Co., Philadel- 
phia, Pa. 

CapBY, JOHN N., Consulting Engineer, 
Madison, Wis. 

CHASE, PuiLIP H., Assistant Engineer, 
Public Service Electric Co., Newark, 
N. J. 

HAZELTINE, Louis A., Acting Professor 
of Electrical Engineering, Stevens 
Institute of Technology, Hoboken, 
N. J. . i 

SCHATTNER, ERNEST, Chairman, Elec- 
trical Apparatus Co. Ltd., Vauxhall 
Works, London, England. 

WAUGH, LESTER R., Assistant Engineer, 
Chile Copper Co., Chuquicamata, 
Chile. 


APPLICATIONS FOR ELECTION 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership. іп the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for admission to a higher grade 
than Associate, the grade follows im- 
mediately after the name. Any mem- 
ber objecting to the election of any of 
these candidates should so inform the 
Secretary before December 31, 1917. 


Allen, J., Norristown, Pa. 
Arnold, B. H., Erie, Pa. 
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. Arnold, J. L., (Member), New York, 


N. Y. 

Bagley, G. D., Pittsburgh, Pa. 

Becker, А. J., Rochester, М. Y. 

Bird, C. W., Detroit, Mich. 

Bonamy, L. J., Detroit, Mich. 

Bovee, B. A., Milwaukee, Wis. 

Brooks, H. W., (Member), Bay City, 
Mich. 

Burch, W. 5., (Member), Rochester, 
N. Y. 

Busch, R. E., Erie, Pa. 

Cannady, N. E., Raleigh, N. C. 

Carter, E. L., Indianapolis, Ind. 

Chace, C. R., Central Falls, R. I. 

Chan, P. K., Cleveland, Ohio 

Conant, F. N., Newburyport, Mass. 

Cook, H. K., Norristown, Pa. 

Curtis, L. H., Erie, Pa. 

Digby, W. P., (Member), London, Eng. 

Fear, L. G., Portland, Ore. 

Fogerty,-J. S., E. Pittsburgh, Pa. 

Frost, C. A., Cleveland, Ohio 

Ganser, H. H., (Member), Norristown, 
Pa. 

Gellion, Е. J., (Member), Macao, 5. 
China 

Gibbs, R. T., Boston, Mass. 

Gaudy, R. J., (Member), Chicago, Ill. 

Goodwin, W. C., E. Pittsburgh, Ра. | 

Guynes, W. M., Erie, Pa. 

Hancock, E. А., Boston, Mass. 

Hansen, N. J., New York, N. Y. 

Harris, H. L., Rochester, N. Y. 

Hart, J. M., Norristown, Pa. 

Heiser, C. E., Reading, Pa. 

Hennig, W. E., Milwaukee, Wis. 

Hess, A. F., New York, N. Y. 

Hildebrandt, H .A., Minneapolis, Minn. 

Hill, S. S., Erie, Pa. 

Isdale, J. S., Ottawa, Ont. 

Jacobsen, F., (Fellow), Stavanger, Nor- 
Way. d 

Kaiser, A. A., Philadelphia, Pa. 

Kampf, W. E., Brooklyn, N. Y. 

Kennedy, T. O., (Member), Denver. 
Colo. : 

Kephart, S. W., San Francisco, Cal. 

Klein, H., New York, N. Y. 

Kruse, 5., New York, М. Y. 

Leatham, W. T., Detroit, Mich. 

Lee, P. M., Norristown, Pa. 

Lesniewski, Witold, Petrograd, Russia 
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Lovell, C. М., Pittsburgh, Pa. 

Marcott, А. H., Erie, Pa. 

Markley, R. E., Norristown, Pa. 

McClenathan, R. F., Erie, Pa. 

Metzner, M. W., Erie, Pa. 

Newell, L. B., Pittsfield, Mass. 

Oehler, А. G., Westfield, М. J. 

Oetinger, H. W., New York, N. Y. 

Ostline, J. E., Aberdeen, S. Dakota 

Oswalt, H. I., Salisbury, Md. 

Peakes, С. L., Perth Amboy, М. ]. 

Pfaff, R. W., Norristown, Pa. 

Polson, A. V., Seneca Falls, N. Y. 

Porter, A. F., Detroit, Mich. 

Rasmussen, W. С. О., Jersey City, М. ]. 

Reinke, E. A., Rochester, N. Y. 

Riddle, R. B., Carney's Point, N. J. 

Roe, R. C., Fairbury, Ill. 

Ryder, R. B., (Member), Philadelphia, 
Pa. 

Shannon, W. J., Waterbury, Conn. 

Sibley, E. D., (Member), Reading, Pa. 

Smith, A. P., Norristown, Pa. 

Stafford, J. W., Lafayette, Ind. 

Steinke, J. J., Erie, Pa. | 

Stevens, G. A., Buffalo, N. Y. 

Stewart, R. B., Ithaca, N. Y. 

Stoffert, H. A., (Member), Reading, Pa. 

Strawn, C. M., Norristown, Pa. 

Thompson, L. M., Wilmington, Del. 

Trowbridge, D. F., Milwaukee, Wis. 

Watterson, H. E., City Point, Va. 

Willmarth, G. M., Boston, Mass. 

Winte, H. F., Detroit, Mich. 

- Woodward, А. C., Baltimore, Md. 

Wright, М. А., So. San Francisco, Cal. 

Total 83. 


STUDENTS ENROLLED NOVEM- 
BER 9, 1917 


9165 
9166 
9167 
9168 
9169 
9170 
9171 
9172 
9173 
9174 


Yung, H. L., Yale Univ. 

Reichel, H. W., Yale Univ. 

Farrand, B. R., Yale Univ. 

Greer, G. B., Yale Univ. 

Clark, F. S., Yale Univ. 

Newell, H. H., Worcester Poly. Inst. 

Tavares, O., Ohio Northern Univ. 

Kolbe, H. J., Univ. of Ky. 

Scott, L. R., Penn. State Coll. 

Wearstler, F. W., Ohio Northern 
Univ. 


9175 Bull, H. S., Lehigh Univ. 
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9177 
9178 
9179 


9180 
9181 


9182 
9183 
9184 
9185 
9186 
9187 
9188 
9189 
9190 
9191 


9192 


9193 
9194 
9195 
9196 
9197 
9198 
9199 
9200 
9201 


9202 


9203 
9204 
9205 
9206 
9207 
9208 
9209 
9210 
9211 
9212 
9213 
9214 
9215 
9216 
9217 
9218 
9219 
9220 
9221 
9222 
9223 
9224 
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Crago, H. R., Penn. State Coll. 
Moses, M.S., Ohio Northern Univ. 
Houran, W. L., Penn. State Coll. 


Lawton, O. T., Casino Tech. 
Night School 
Diniz, W., Ohio Northern Univ. 


Nogueira, M. de S., Ohio North- 
ern Univ. 

Cominsky, J., Yale Univ. 

Moore, H. S., Yale Univ.: 

Murphy, J. J., Yale Univ. 

O'Brien, P. C., Yale Univ. 

Pohja, H., Yale Univ. 

Seacord, K. P., Yale Univ. 

D. H. Sundel, Yale Univ. 

Summers,J.E., OhioNorthernUniv. 

Schleinkafer,G.N.,Penn StateColl. 

Budd, J. S., Ga. School Tech. 

Allis, S. P., Cornell Univ. 

Gaertner, H. A., Cornell Univ. 

Everitt, W. L., Cornell Univ. 

Ku, C., Cornell Univ. 


. Johnson, W. L., Jr., Cornell Univ. 


Silsbee, B. F., Univ. of Neb. 
Rice, H. F., Univ. of Colo. 
Schaefer, F. L., Cornell Univ. 
Garver, P. L., Cornell Univ. 
Shaeffer, С. D., Ohio Northern 
Univ. 
Webster, D. B., Worcester Poly. 
Inst. 
Memoli, J., Ala. Poly. Inst. 
Doughtie,C.E., Jr., Ala. Poly. Inst. 
West, W. B., Ala. Poly. Inst. 
Ard, J. C., Ala. Poly. Inst. 
Allen, W. W., Ala. Poly. Inst. 
Duggar, L. G., Ala. Poly. Inst. 
Guess, W. A., Ala. Poly. Inst. 
Withington, W., Ala. Poly. Inst. 
Huey, S. R., Ala. Poly. Inst. 
Carlovitz, G. H., Ala. Poly. Inst. 
Spencer, J. W., Ala. Poly. Inst. 
Matthes,L.H.,A. & M.Coll. of Tex. 
Reisman, A. M.,A. &M.Coll.of Tex. 
Weyland,A.H.,A. & M.Coll.of Tex. 
Murrah,F.V.,A. & M. Coll. of Tex. 
Зехапег, W.G.,A.& M.Coll. of Тех 
Copeland,C.M.,A. & M.Coll.of Tex. 
Priester, L. E., A. & M. Coll. of Tex. 
McLean,A.R.,A. & M. Coll. of Tex. 
Hancock, P., A. & M. Coll. of Tex. 
Tighe, L. T., A. & M. Coll. of Tex. 
Miller, J. B., A. & M. Coll. of Tex. 
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9225 Rutherford, T. B., Worcester 
Poly. Inst. 

9226 O'Neill, W. J., Worcester Poly. 
Inst. 


9227 Peterson, P., Penn. State Coll. 
9228 Lipscomb, T. G., A. & M. Coll. of 
Tex. | 
9229 Newbowers, Е. J., S. D. State 
School of Mines 
9230 Hallen, F. A., Yale Univ. 
9231 Franklin, R. F., Syracuse Univ. 
9232 Gordon, W. J., Syracuse Univ. 
9233 Lowell, G. J., Syracuse Univ. 
9234 Moore, L. N., Syracuse Univ. 
9235 Givens, E. C., Yale Univ. | 
9236 Boothroyd, C. O., Syracuse Univ. 
9237 Nickle, C. А., Penn. State Coll. 
9238 Tobey, C. R., Cornell Univ. 
9239 Nirenberg, B. R., Cornell Univ. 
9240 Farrell, M. W., Cornell Univ. 
9241 Roat, R. H., Cornell Univ. 
9242 Hoyle, E. R., М. Y. Elec. Sch. 
9243 Wainwright, S. F., Tufts Coll. 
9244 Craig, ІТ. A., Univ. of Illinois. 
9245 Landa, M.I., A. & M. Coll. of Tex. 
9246 Clayton, H. M., A. & M.Coll.of Tex. 
9247 Allen,H. M., A. & M. Coll. of Tex. 
9248 Bavcom,J.W.,A. & M.Coll. of Tex. 
9249 Cooper,F.A., A. & M. Coll. of Tex. 
9250 Schoonover, M. E., Ohio No. Univ. 
9251 Beatty, L. D., Ohio No. Univ. 
9252 Rouk, H. D., Ohio No. Univ. 
9253 Stone, H. B., Missouri State Univ. 
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9254 Spracklen, E. E., Missouri State 
Univ. 

9255 Zaugg, F. R., Univ. of Washington 

9256 Bloss, E. K., Worcester Poly.Inst. 

9257 Brooke, H. L., Univ. of Minnesota 

9258 Neal, P. L., A. & M. Coll. of Tex. ' 

9259 Denny, W. М. А. & М. Coll. of 
Tex. 

9260 Porter, J., Jr., A. & M. Coll. of 
Tex. 

Total 96. 


PERSONAL 


C. G. Cox, District Manager of 
McIntosh & Seymour at St. Louis has 
transferred his office to San Francisco 
because of the greatly increasing field 
for marine Diesel oil engines on the 
Pacific coast. 


OBITUARY 


JOHN GILMARTIN, Superintendent of 
Meter Department of the Detroit Edi- 
son Co., died at his home in Detroit on 
November 12th from typhoid fever. 
Mr. Gilmartin was a pioneer in electric 
meter work. His early experience was 
gained in Toledo and from there he was 
called to Detroit, where he was put in 
charge of the Meter Department. He 
was a member of the N. E. L. A., and an 
associate of the A. I. E. E. 


ACCESSIONS TO THE UNITED ENGINEERING SOCIETY LIBRARY 
| | (From October 1 to November 1, 1917) 
Unless otherwise specified, books in this list have been presented by the publish- 


ers. The Society does not assume responsibility for any statements made. 


These 


are taken either from the preface or the text of the book. 
All the books listed may be consulted in the United Engineering Society Library. 


AEROPLANE DESIGN. 

By F. S. Barnwell and A SIMPLE 
EXPLANATION OF INHERENT STABILITY. 
By W. H. Sayers. N. Y., Robert M. 
McBride & Co., 1917. 102 pp., 28 
illus., 7x5 in., cloth, $1. 


Two papers previously published in the Aero- 
plane. In the first Mr. Barnwell attempts a 
precis of the general principles for the information 
of trained engineers without experience in airplane 
design. Mr. Sayers offers a non-mathematical 
explanation of the known principles by which 
inherent stability may be attained. 


APPLIED ELECTROCHEMISTRY AND 

WELDING. 

A Practical Treatise on Commercial 
Chemistry, the Electric Furnace, the 
Manufacture of Ozone and Nitrogen by 
High-Tension Discharges, and the Ap- 
plications of Electric, Gas and Chemical 
Welding to Manufacturing and Repair 
Work. Part I—Applied Electrochemis- 
try by Charles F. Burgess; Part 2— 
Welding by George W. Cravens. Chi- 


cago, American Technical Society, 1917. 
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83 +132 pp., 186 illus., 8x6 in., cloth, 
$1.50. 


А concise account of the principles involved in 
electrolysis, electrothermics and electrical dis- 
charges in gases, of the apparatus used commer- 
cially and of the products obtained. The section 
devoted to welding describes the methods of 
riveting, welding, soldering and cutting with 
electricity, gases and thermit. 


А TREATISE ON THE ELEMENTS OF 

ELECTRICAL ENGINEERING. 

A Text Book for Colleges and Tech- 
nical Schools by William S. Franklin. 
Volume I Direct and Alternating Cur- 
rent Machines and Systems. М. Y., 
The Macmillan Company, 1917. 465 
pp. 368 illus, 9x6 in. cloth, $4.50. 
(gift of the author) 

Written to encourage a first course in electrical 
engineering covering both direct and alternating 
current machines and systems. Тһе emphasis 
throughout is on the simple physics of the sub- 
ject and on operating engineering. The book 
entitled Electric Lighting and Miscellaneous 


Applications of Electricity will henceforth be 
known as vclume two of the present treatise. 


CALCULATIONS USED IN CANE SUGAR 

FACTORIES. 

A Practical System of Chemical 
Control for the Sugar Houses of Louis- 
lana, the Tropics, and Other Cane- 
Producing Countries. By Irving H. 
Morse. 2d ed. rewritten. М. Y., John 
Wiley & Sons, Inc.; Lond., Chapman 
& Hall, Ltd., 1917. 189 pp., 7x4 іп., 
cloth, $2. 


Intended for the technical superintendents, and 
chief chemists of sugar mills. 


CHEMISTRY IN THE SERVICE OF MaN. 

By Alexander Findlay. 2d ed. М.У. 
and Lond., Longmans, Green and Co., 
1917. 15 +272 pp., 23 illus., З por., 
cloth, $2. | 

Ап account of some of the more important 
general principles and theories of chemical science, 
and of their industrial applications, intended for 
the general reader. 

А certain amount of new matter has been 
added to this edition, including a new chapter 
on Fermentation and Enzyne Action. 


ELECTRICAL ENGINEERING. 

The Theory and Characteristics of 
Electrical Circuits and Machinery. By 
Clarence V. Christie. 2d ed., rev. and 
еп]. М. Y. McGraw-Hill Book Co., 
Inc.; Lond., Hill Publishing Co., Ltd., 
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1917. 20-546 pp., 508 illus., 9x6 in., 
cloth, $4. 


Much new material has been added, the most 
important additions being sections on complex 
alternating waves and wave analysis, on poly- 
phase alternating-current circuits, the construc- 
tion of the characteristic curves of direct-current 
generators and motors, the design of direct and 
alternating-current machinery, the Blondel dia- 
gram for the synchronous motor, the symbolic 
method of analysis of the induction motor, 
alternating-current commutator motors, and а 
chapter on measuring instruments. 


ELEMENTS ОЕ MACHINE DESIGN. 

By O. A. Leutwiler. N. Y., McGraw 
Hill Book Co., Inc.; Lond., Hill Pub- 
lishing Co., Ltd., 1917. 154-607 pp. 
339 illus., 9x6 in., cloth, $4. 


Written to present in fairly completed form a 
discussion of the fundamental principles involved 


` in the design and operation of machinery, and 


to outline or suggest methcds of reasoning that 
may prove helpful in the design of various parts. 
Brief reviews are included of the mcre impor- 
tant straining actions to which machine parts 
are subjected and of the properties of the common 
materials used in machine construction and refer- 
ences to additional sources of information ac- 
company the various chapters. 

HENDRICKS’ COMMERCIAL REGISTER OF 

THE UNITED STATES 1917-1918. 

For Buyers and Sellers with which 
has been Incorporated the Assistant 
Buyer Especially Devoted to the 
Interests of the Architectural, Contract- 
ing, Electrical, Engineering, Hardware, 
Iron, Mechanical, Mill, Mining, Quarry- 


ing, Railroad, Steel and  Kindred 
Industries. М. Y., S. E. Hendricks Co.. 
Inc., 1917. 2227 pp., 10х8 in., cloth, 
$10. 


Enlarged from the previous edition by over 
four hundred pages. Includes as a new section, 
an alphabetical list of the firms and individuals 
appearing in the classified Trades Section. 
INGENIERIA DE FERROCARRILES. 

La Teoria Y Practica Fundamental 
de Ferrocarriles, Desde La Concepcion 
del Idea Hasta La Terminacion del 
Trazo. Por Verne Leroy Havens. М. 
Y., John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd.; 1917. 104-357 
pp., 48 illus., 1 diagram, 7x4 in., cloth. 
$3.50. s 


А pocketbook fcr railway surveyors and locat- 
ing engineers in Latin America, intended to meet 
the need for such a work in Spanish. Covers 
the entire work, from the preliminary commercial 
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considerations to the final survey, including the 
documents and data required to accompany the 
surveys when submitted to South American 
governments. | 


LEARNING TO FLY ім THE U. 5. ARMY. 

A Manual of Aviation Practise. By 
E. М. Fales. М. Y. McGraw-Hill 
Book Co., Inc.; Lond., Hill Publishing 
Co., Ltd., 1917. 9+180 pp., 39 illus., 
1 pl., 7x5 in., leather, $1.50. 


Parallels the instruction given under the 
author's direction in the U. S. Ground Schocl of 
Military Aeronautics, University cf Illinois 
" branch. Sets forth for the non-technical student 
aviator, what he must know in order properly 
to understand his airplane, to keep it trued up 
and to operate it in cross country flights. 


LIABILITY AND COMIENSATION INSUR- 

ANCE. 

Industrial Accidents and their Pre- 
vention, Employers’ Liability, Work- 
men’s Compensation, Insurance of 
Employers’ Liability and Workmen’s 
Compensation. By Ralph H. Blanch- 
ard. N. Y. and Lond., D. Appleton 
& Company; 1917. 12+394 pp., 13 
illus., 8x5 in., cloth, $2. 

Intended to present the results of the work- 
men’s compensation movement in the United 
States in terms of legislation and insurance 
practise, and to explain the industrial accident 
problem and the development of liability and 
compensation principles as a background for the 
comprehension of present problems. 
LUBRICATING ENGINEERS HANDBOOK. 

A Reference Book of Data, Tables 
and General Information for the Use 
of Lubricating Engineers, Oil Salesmen, 
Operating Engineers, Mill and Power 
Plant Superintendents and Machinery 
Designers, etc. By John Rome Battle. 
Phila., and Lond., J. B. Lippincott 
Company, (copyright 1917). 333 pp., 
114 illus., 9x6 in., cloth, $4. 


Describes the properties of various lubricants 
and the methods of testing them, and discusses 
the proper methods of lubricating steam and gas 
engines, refrigerating machinery, railway cars, 
locomotives, rolling mills, pneumatic tools, etc. 


MACHINE GUNS. 

Part 1—Mechanism by Captain 
Julian S. Hatcher. Part 2—The Prac- 
tical Handling of Machine Gun Fire by 
First Lieutenant Glenn P. Whilhelm, 
Part 3—Machine Gun Tactics by First 
Lieutenant Harry J. Malony. Menasha, 


PROCEEDINGS OF A. I. E. E. 


[Dec. 


George Banta Publishing Company, 
(copyright 1917). 233 pp., 84 illus., 
3 diagrams, 8x5 in., cloth, $2.50. 


The authors have been instructors in the 
Machine Gun School at Harlingen, Texas, since 
its establishment in 1916, and have based this 
manual on the notes made during their work. 
The guns described are the Benet-Mercié, the 
Lewis, the Maxim, the Vickers and the Colt. 


MECHANICAL DRAWING PROBLEMS. 
By Charles William Weick. М. Ү., 
McGraw-Hill Book Co. Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 9+153 
pp., 120 illus., 1 pl., 9x6in., cloth, $1.25. 


A book of examples and problems, intended to 
be used under the direction of a teacher. It 
aims to provide a large number of typical draw- 
ings carefully worked out as examples and accom- 
panied by appropriate problems. These vary 
in difficulty sufficiently to enable the teacher to 
formulate suitable courses for all schools where 
mechanical drawing is taught. 


OFFICE MANUAL INCLUDING POLICY 
Book AND STANDARD PRACTISE IN- 


STRUCTIONS. 
N. Y., A. W. Shaw Co., (copyright 
1917). 50 pp., 10x8 in., cardboard. 


А sample office таппа! supplementing Leffing- 
well's ‘‘Scientific Office Management” and in- 
tended to assist managers in preparing a manual 
for their own establishments. 


OPERATION AND "MAINTENANCE ОЕ 

IRRIGATION SYSTEMS. 

By S. T. Harding. М. Y., McGraw- 
Hil Book Company, Inc.; Lond., 
Hill Publishing Company, Ltd., 1917. 
12 +271 pp., 27 illus., 9x6 in., cloth, 
$2.50. | 


А discussion of the policies and methods used 
in the United States, in which the general prin- 
ciples are given with typical examples of their 
local applications. Contents: General Mainte- 
nance; Maintenance of Irrigation Systems; Or- 
ganization for Operation and  Maintenance- 
Methods of Delivering Irrigation Water; Meas; 
urement of Irrigation Water; Rules and Regula- 
tions; Payment for Construction and Operation 
Charges; General Operation; Operation and 
Maintenance Accounts; Rules and Regulations 


PRACTICAL ELECTRIC ILLUMINATION. 

By Terrell Croft. N. Y., McGraw- 
Hill Book Co., Inc.; Lond., Hill Pub- 
lishing Co., Ltd., 1917. 11+225 рр. 
166 illus., 8x6 in., cloth, $2. 


А concise account of the principles of illumina- 
tion the methods employed and the proper ways 
of lighting indoor and outdoor spaces used for 
specific purposes. Contents: Preface; Funda 
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mental Ideas of Light Radiation; Principles and 
Units; Reflectors; Incandescent Lamps; Arc 
Lamps; Nernst, Mercury-Vapor and Tube 
Lamps; Principles of Illumination Design; 
Interior Illumination; Exterior Illumination. 
PRACTICAL Волр BUILDING. 

By Charles E. Foote. Endorsed by 
the National Highways Association and 
the American Automobile Association. 
Philadelphia, David McKay, 1917. 
13+295 pp., 40 illus., 7x5 in., cloth, 
$1.25. 


А manual of information on the construction, 
maintenance and advantages of the various types 
of roads used in America, intended to summarize 
present day expert knowledge on the subject in 
a form intelligible to the general public. 


PRACTICAL STRUCTURAL DESIGN. 

A Text and Reference Work for 
Engineers, Architects, Builders, Drafts- 
men and Technical Schools; Especially 
Adapted to the Needs of Self-Tutored 
Men. By Ernest McCullough. N.Y., 
U. P. C. Book Company, Inc., 1917. 
303 pp., 185 illus., 9x6 in., cloth, $2.50. 


Based оп a series of articles on the “Design of 
Beams, Girders and Trusses," which appeared in 
"Building Age” during 1914, but includes much 
additional material. 


SCIENTIFIC OFFICE MANAGEMENT. 

Ву W. Н. Leffingwell. М. Y., Chic., 
Lond., А. W. Shaw Company, (copy- 
right 1917) 253 pp., 32 illus., 3 diagrams, 


11x9 in., cloth, $10. 

À report on the results obtained by the author 
during ten years experience in the application to 
office work of the principles of the Taylor system, 
including planning, analysis, time and motion 
study, task and bonus plans, and thelike. Gives 
a plan for applying the system. 


STEAM BOILERS. 

А Practical and Authoritative Dis- 
cussion of Boiler Design and Construc- 
tion, and the Development of Modern 
Types. Revised by Robert H. Kuss. 
Chicago, American Technical Society, 
1917. 82 pp., 74 illus., 8x6 in., cloth, 
$1. 

Covers in а Practical manner the methods of 
construction, the proper testing of materials and 
the methods of riveting and staying.  Describes 
different types of stationary and marine boilers. 
STEAM CHARTS. 

And Special Tables for Turbine 
Calculations by Е. О. Ellenwood. М. 
Y., John Wiley & Sons, Inc.; Lond., 
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Chapman & Hall, Ltd.; 1917. 49 pp., 
18 charts, $1. 


A series of charts and tables for thé assistance 
of engineers when making calculations involving 
wet or superheated steam. 

In the present edition, intended for those thor- 
oughly conversant with the applications of the 
tables, the problems and explanatory matter have 
been eliminated. Tables giving the theoretical 
velocities of steam for each tenth of a heat unit 
up to 80 British thermal units, and the squares 
of numbers frem 200 to 2000 have been added. 


THE BUILDING ESTIMATOR’S REFER- 

ENCE BOOK. 

A Practical and Thoroughly Reliable 
Reference Book for Contractors and 
Estimators Engaged in Estimating the 
Cost of and Constructing. All Classes 
of Modern Buildings; Giving the 
Actual Labor Costs and Methods Em- 
ployed in the Erection of Some of Our 
Present Day Structures, Together with 
Al Necessary Material Prices and 
Labor Quantities Entering Into the 
Cost of All Classes of Buildings. By 
Frank В. Walker. 2d ed., rev. Chic., 
Frank В. Walker, 1917. 3535 рр., 
7х5 in., leather, $5. (gift of the author.) 


Presents costs compiled from the actual cost 
sheets, and chiefly from ccnstruction work under 
the author’s supervision. 


THE ESSENTIALS OF DESCRIPTIVE GE- 
OMETRY. 
Ву Е. С. Higbee. 2d ed., rev. М. 
Y., John Wiley & Sons, Inc.; Lond., 
Chapman & Hall, Ltd., 1917. 218 pp., 


177 illus., 9x6 in., cloth, $1.80. 

A text-book discussing the subject from the 
point of view of a draftsman, ‘n which are 
included only those portions of it which possess 
industrial utility. 

In addition to the correction and revision of 
the text of the first edition, a chapter on tangen- 
cies has been added. 


THE J. E. ALDRED LECTURES ON 
ENGINEERING PRACTISE 1916-1917. 
The Johns Hopkins University, De- 

partment of Engineering. Baltimore, 

The John Hopkins Press. 254 pp., 

82 illus., 9 diagrams, 1 map, 9x6 in., 

pap. (gift of A. G. Christie) 

Nine lectures delivered before the under-gradu- 
ate engineering students of the University. The 
practical phases of engineering problems, rather 
than the underlying theory are given promi- 


nence. Contents: The Operation of a Hy- 
dro-Electric Plant, by A. E. Bauhan; Some 
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Things Engineers Should Know Concerning the 
Rudiments of Corporate Finance by Ralph D. 
Mershon; The Development of Power from the 
Standpoint of the Boiler Room, by C. F. Hirsh- 
feld; Power and Service in Industrial Plants, by 
R. J. S. Pigott; Gas Manufacture, Construction, 
and Operation, by George P. Marrow; Rapid 
Transit Problems in American Cities, by George 
` Staples Rice; Some Practical Problems Met with 
in the Design and Construction of Bridges and 
Similar Structures, by W. W. Pagon; Experi- 
mental Engineering, Particularly the Construc- 
tion of Testing Stations on Water and Sewerage 
Problems, by Langdon Pearse; Public Utility 
Engineering and Finance, by Herbert A. Wagner. 


THE PRINCIPLES OF AEROGRAPHY. 

By Alexander McAdie. N.Y.andChic., 
Rand МсМаПу Co., (copyright 1917) 
12 +318 pp., 112 illus., 8x6 in., cloth, $3. 


The author's especial aim has been to give 
prominence to the results of recent aerological 
investigations. Тһе centimeter-gram-second sysr 
tem of units is employed. More than usual at- 
tention is given to cloud forms and the thero- 
dynamics of their formation and dissipation. 


THE THEORY AND PRACTISE OF SCIEN- 
TIFIC MANAGEMENT. 

By C. Bertrand Thompson. Bost., 
М. Y. and Chic., Houghton Mifflin Co.; 
319 pp., 8x5 in., cloth, $1.75. 

An attempt to present the facts concerning the 
subject and to appraise the movement as a whole. 
Contents; What Scientific Management Is; Fred- 
erick Winslow Taylor; Scientific Management in 
Practise; Economic Aspects of Scientific Manage- 
ment; the Literature of Scientific Management; 
Bibliography. 

WATER-SUPPLY ENGINEERING. 

The Designing and Constructing of 
Water-Supply Systems. By A. Pres- 
cott Folwell. 3d ed., rewritten. М. Ү., 


John Wiley & Sons, Inc.; Lond., Chap- 
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man & Hall, Ltd., 1917. 15--484 pp., 
121 illus., 9x6 in., cloth, $3.50. 


In this edition the matter treating of water 
purification and the quality of water has been 
entirely rewritten at much greater length: that 
describing pumping machinery is practically new 
throughout, and hardly a paragraph of the ori- 
ginal text has been used without some change 
calculated to bring the subject up to date. To 
avoid making the book too large, the text relating 
to construction has been condensed to a single 
chapter, and that dealing with maintenance and 
with hydraulics has been omitted. 


Woop AND OTHER ORGANIC STRUC- 

TURAL MATERIALS. 

By Charles Henry Snow. N. Y., 
McGraw-Hill Book Co., Inc.; Lond., 
Hill Publishing Co., Ltd., 1917. 18 +478 
pp., 90 illus., 9x6 in., cloth, $5. 


The materials described are woods, paints and 
varnishes—with their associated oils, pigments 
gums and resins—glues, creosotes and india rub- 
ber. Presents the general as well as the physical 
characteristics of this group of materials, gives 
in convenient tabular form descriptions of the 
various woods, discusses the failure of wood be- 
cause of age, decay, fire and animal attacks, and 
the methods of protection from these destructive 
agencies. Full bibliographic notes are given. 


X-RAYS. 
By G. W. C. Kaye. 2ded. N. Y. and 
Lond., Longmans, Green, and Co., 1917. 


17 4-285 pp., 115 illus., 9x6 in., cloth, $3. 

By the head of the Radium and X-ray Depart- 
ment of the National Physical Laboratory. Writ- 
ten to give an account of such of the present-day 
methods and apparatus as appear valuable or 
novel, with a critical treatment of some of the 
features which have claimed the authcr's interest. 
The development of theory is discussed and a 
summary. of the history of the X-ray, from 1895 
to the middle of 1916 is included. 


EMPLOYMENT BULLETIN 
Vacancies The Institute is glad to learn of desirable vacancies from responsible 
sources, announcements of which will be published without charge in the BULLETIN 
The cooperation of the membership by notifying the Secretary of available posi- 


tions, is particularly requested. 


Men Available.—Under this heading brief announcements (not more than fifty 


words in length) will be published without charge to members. 


Announcements 


will not be repeated except upon request received after an interval of three months; 
during this period names and records will remain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Secretary's office 
not later than the 20th of the month if publication in the following issue is de- 
sired. All replies should be addressed to the number indicated in each case, and 


mailed to Institute headquarters. 


VACANCIES 
V-295. Commercial electrical and 
general engineer wanted for Havana, 
Cuba. He must be a technical graduate 


with at least two years practical and 
technical experience. Knowledge of 
Spanish desirable but not essential. 
Address giving^complete details and 
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salary expected to P. O. Box 1260, New 
York City. 


У-296. Wanted: Instructor in elec- 
ігіса! engineering large eastern univer- 


sity. Special knowledge of electrical 
instruments апа electrical measure- 
ments. Salary $1800. 


V-297. Wanted: An energetic, wide- 
awake young man as instructor in the 
mechanical engineering department of a 
university in the Middle West. Appli- 
cant should be a graduate of a recog- 
nized technical college and have had 
some practical experience. Teaching 
experience desirable but not necessary. 


V-298. Production manager wanted. 
Technical graduate preferred and one 
who has had practical experience in 
production of electrical machinery as 
well as in construction and laying out 
new buildings. Location near New 
York City. Position permanent. Sal- 
ary about $2400. 


V-299. Mechanical and electrical 
draftsmen wanted. Men familiar with 
the design of D-C. apparatus, motors, 
ranging as high as 1000 h.p. "Technical 
graduates preferred. Location in vicin- 
ity of New York City. 


У-300. Operating man with marked 
executive ability who has been in charge 
of hydro-electric station for position of 
chief operator. Must be familiar with 
advanced operating methods in large 
stations on high voltage transmission 
system. Must have had experience 
in handling electrical construction and 
maintenance. 


V-301. Junior draftsman with some 
shop and drafting experience for power 
plant and installation drafting. Salary 
about $100 per month. 


V-302. High salary paid man cap- 
able managing and developing distribu- 
tion of 75,000 kw. load, vicinity 
Barcelona, Spain. Must show records 
important positions previously held 
with wide experience construction and 
management electrical systems. Must 
be over 30 and speak Spanish. Man 
receiving at present under $5,000 not 
considered. 


V-303. Wanted: Skilled man to 
take charge of the assembly of lighting 
and power transformers. Apply, stating 
experience, and salary expected, to 
Canadian General Electric Co., Limited, 
Peterborough, Ontario. 


V-304. Mechanical superintendent 
wanted. Must be competent to handle 
and direct construction, installation and 
maintenance of buildings, machinery 
and equipment, also power plant 
Operation. Jurisdiction will cover sev- 
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Only high calibered men 
In order to receive con- 
sideration must outline fully past ex- 
perience, age, salary, credentials. 


V-305. Engineer experienced in power 
station design, operation and efficiency; 
location New York. 


V-306. Engineer experienced power 
station construction; must be familiar 
with modern steam power stations, 
construction and operation, including 
high-tension systems; location Ohio. 


V-307. Wanted. A college graduate 
in electrical engineering with one or 
two years’ experience for work along 
technical lines in a permanent position 
on telephone office equipment in Buf- 
falo, N. Y. Will pay $16.00 per week 
for man with one year’s experience and 
$18.00 per week for man with two 
years’ experience. Address communica- 
tions to Telephone Company 297 
Michigan St., Buffalo, N. Y. 


MEN AVAILABLE 

857. Electrical engineer, chief drafts- 
man, manufacturing engineer and con- 
struction ten years. Holding company 
two years. With consulting engineers 
last five years. Rates, valuations, 
distribution and special financial sta- 
tistical experience. Position desired 
New York or vicinity with investment 
house or industrial corporation in war 


eral plants. 


work. Married, age 39. Minimum 
salary $3000. 1 
858. Electrical technical graduate, 


age25. Five years' practical experience, 
mostly power plant and substation in- 
stallations. Desires position with light- 
ing or power company, commercial end 
preferred, with good chance for advance- 


ment. Location no object; willing to 
travel. Detailed information furnished 
on request. 

859. Electrical engineer, six years' 


experience on electric power generation 
and distribution, two and a half years of 
this with Niagara Falls Power Company. 
At present in charge of electric system 
of a large government institution. Will 
consider change on a month's notice to 
present employers. Married; age 29; 
salary $2400. 


860. Executive position, central sta- 
tion or manufacturing company, by 
married man, eighteen years' experience 
American and European practice in 
design, construction, operation steam 
and hydro power plants, distribution 
systems, overhead and underground. 
Executive in charge power sales de- 
partment, wholesale power distributors. 
Wide experience in organization and 
systematizing. 


. 922 


861. Electrical engineer, technical 
graduate, with broa мар, engineer- 
ing experience. versed in power 
plants and шоо line work and 
the utilization of electric power. At 
present electrical engineer for large 
steam railroad system. Desire position 
with consulting engineer or operating 
“ company in Ohio or adjoining states. 
Age 35; salary $1800. 


862. High class electrical engineer 
of wide experience and highest refer- 
ences, age 29, seeks position correspond- 
ing to training and capacity. Experi- 
enced in all classes of high-frequency, 
telephone and electrochemical work. 
as well as in general electrical engineer- 
ing. Unqualified references to both 
abılity and loyalty. 

863. Electrical engineer, technical 
graduate, married, six years’ experience 
shop, test and road work, electrical 
apparatus and turbines for large manu- 
facturing company; construction and 
operation of steam and hydroelectric 
power plants, substations and high 
tension transmission systems. Present 
salary $2400 


864. "Technical graduate, electrical 
engineering, with two years' laboratory 
and teaching experience, desires posi- 
tion as research engineer, or as teacher 
of electrical engineering, preferably 
го work. Available after Dec. 
1. Salary $1600. Married. 


865. Electrical engineer, technical 
graduate, with specialized training in 
hydraulic and hydroelectric engineering 
and transmission line problems, desires 
position where abilitv in this class of 
work is wanted. Member A. I. E. E. 
and N. E. L. A. Married, age 30. Now 
employed as electrical engineer at $2300. 
Correspondence invited. 


866. Electrical engineer, at present 
employed, eighteen years' experience 
in construction, electrical power gen- 
eration, transmission and distribution, 
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wishes an executive position with 
growing company offering chance of 
advancement to an efficient worker. 
Reason for desiring change salary in- 
commensurate with knowledge required 
and responsibilities imposed. Might 
take financial interest. 


867. Electrical Engineer, 30 years of 
age; 12 years' experience, technical 
education, first class draughtsman, 
expert electrician, design, operation or 
construction of hydroelectric plants 
E. H. T. or L. T., also electric railway 
experience. Desires permanent ге- 
sponsible position with future prospects. 
Married. Used to handling men. A 1 
references. Salary $1800 minimum. 


868. Executive Engineer. Broad 
experience on power, lighting and rail- 
way systems; high tension transmission, 
public utility valuations. Factory 
production, industrial development. - 


869. Electrical Engineer, age 30, 
university graduate, 6 years' experience 
in design, construction and operation of 
power plants, substations, overhead and 
underground distributing systems. 
Have been employed by large public 
utility corporations as designing and 
assistant engineer. Now employed. 
Will go anywhere. 


870. Technical University graduate, 
electrical and mechanical engineer with 
two years' experience along electrical 
and mechanical manufacturing lines and 
one year experience in time and motion 
study, is desirous of a permanent loca- 
tion in the southern New England states 
with a progressive manufacturing com- 
pany. Salary $1500 to $2000. Avail- 
able upon 30 days notice to present 
employer. 


871. Superintendent of medium or 
superintendent of distribution of large 
electric utility. Technical training, 
ample experience, best of references. 
Available at once. 
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OFFICERS AND BOARD OF DIRECTORS, 1917-1918. 


PRESIDENT. 
(Term expires July 31, 1918) 
E. W. RICE, J«. 


JUNIOR PAST-PRESIDENTS. . 


(Term expires July 31, 1918) 
JOHN J. CARTY 


(Term expires July 31, 1919) 
H. W. BUCK 


VICE-PRESIDENTS. 
(Term expires July 31, 1918) 


B. А. BEHREND 
P. JUNKERSFELD 
L. T. ROBINSON 


FREDERICK BEDELL 
A. S. McALLISTER 
JOHN H. FINNEY 


MANAGERS. 


(Term expires July 31, 1918) 
F. B. JEWETT 

JOHN B. TAYLOR 
HAROLD PENDER 


(Term expires July 31, 1920) 
CHARLES S. RUFFNER 
CHARLES ROBBINS 
E. H. MARTINDALE 


TREASURER 
GEORGE A. HAMILTON 


HONORARY SECRETARY 
RALPH W. POPE 


(Term expires July 31, 1918) 


(Term expires July 31, 1919) 
C. E. SKINNER 

JOHN B. FISKEN 

N. A. CARLE 


(Term expires July 31, 1921) 
WALTER A. HALL 
WILLIAM A. DEL MAR 
WILFRED SYKES 


SECRETARY. 
F. L. HUTCHINSON 


LIBRARIAN 
HARRISON W. CRAVER 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


nr o c Mcd TC —E ULP HC ECC о ED ME MEM ыла 2 


PAST PRESIDENTS.—1884-1917. 


,NORVIN GREEN, 1884-5-6. 
PRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 

WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-92. 
PRANK JULIAN SPRAGUE, 1892-3. 
EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897-8. 
А. В. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-02. 


CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 
JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-0. 
SAMUEL SHELDON, 1906-7. 
*HENRY G. STOTT, 1907-8. 
LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-18. 
C. O. MAILLOU X, 1913-14. 
PAUL M. LINCOLN, 1914-15. 
JOHN J. CARTY, 1915-16. 


Н. W. BUCK. 1016-17. 


*Decease 1. 
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INSTITUTE COMMITTEES. 


Revised to October 1, 1917. 


GENERAL STANDING COMMITTEES. 


EXECUTIVE COMMITTEE. 


Е. W. Rice, Jr., Chairman, 
General Electric Company, Schenectady, N. Y. 
. W. Buck, Harold Pender, 
М.А. Carle, L. T. Robinson, 
George А. Hamilton, C. E. Skinner. 
FINANCE COMMITTEE. 


М. А. Carle, Chairman, 
Public Service Electric Company, 


«Je 
Walter A. Hall, Charles Robbins. 


MEETINGS AND PAPERS COMMITTEE 


L. T. Robinson, Chairman, 
б Беноа! Electric Company, Schenectady, М. Y. 
W. Chubb, Secretary, 
я Е. and M. Company, Pittsburgh, 
Harris J. Ryan, 


Pa. 
В.А. Behrend, 
W. I. Slichter, 


and the chairmen of the technical committees 


EDITING COMMITTEE. 


W. I. Slichter, Chairman, 

Columbia University, New York. 
M. G. Lloyd, L. T. Robinson, 
Henry H. Norris, C. E. Skinner. 


CODE COMMITTEE. 


Farley Osgood, Chairman, 
80 Eak Place, Newark, N. J. 


31 C. Porsyti, H. В. Sargent, 
Gear, G. A. Sawin, 
H. Griswold, A. M. Schoen, 
Н. О. Lacount, George F. Sever, 
[спо Livingston, C. E. Skinner, 
enry N. Muller, H. S. Warren. 


BOARD OF EXAMINERS. 


A. S. McAllister, Chairman, 

261 West 23rd St., New York. 
William McClellan, . L. Rhodes, 
Henry H. Norris, W. I. Slichter. 


SECTIONS COMMITTEE. 


Walter A. Hall, Chairman, 
General Electric Company, West Lynn, Mass. 
P. H. Daggett, Vice-Chairman 
John B. Fisken, H. W. Flashman, 
A. M. Schoen, 
and the chairmen of all Institute Sections, 
ex-officio. 


COMMITTEE ON STUDENT BRANCHES. 


Sub-Committee of Sections Committee.) 
P. H. Daggett, Chairman, 
Üniversity of North Carolina, Chapel Hill, 


Alexander M. Gray, А. C. Lanier, 
C. Francis Harding, Charles F. Scott. 


MEMBERSHIP COMMITTEE. 
Н.А. Pratt, Chairman, 
W. E. and M. Company, 165 Broadway, N. Y. 
i F. Barton, Wills MacLachlan, 
. Goodwin, ‘Jr. H. R. Woodrow. 


PUBLIC POLICY COMMITTEE. 


Calvert Townley, Chairman, 
. E. and M. Company, 
165 Broadway, New York. 


H. W. Buck, P. Junkersfeld, 

М. А. Carle, pra W. Lieb, 

John J. Carty, - . W. Rice, Jr., 
C. E. Sanner. 


HEADQUARTERS COMMITTEE. 
N. A. Carle, Chairman, 
Public Service Electric Company, Newark, 


A. S. McAllister, F. L. Hutchinson. 


Newark, 


STANDARDS COMMITTEE. 


C. A. Adams, Chairman, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
Harold Pender, Secretary, 
University of Pennsylvania, Philadelphia, Pa. 


Agnew, W. S. Gorsuch, 
Frederick Bedell, F. C. ' Hanker, 
[pn Bijur, H. M. Hobart, 

А Blume, P. Junkersfeld, 
James Burke, A. Kennelly, 
G. A. Burnham, G. L. Knight, 

М. А. Carle, В. А. Laws, 

P. H. Chase, А. S. McAllister, 
E. J. Cheney, W. L. Merrill, 
H. H. Clark, Charles Robbins, 
E. H. Colpitts, L. T. Robinson, 
F. P. Cox C. H. Sharp, 
William А, Del Mar, C. E. Skinner, 
А. M. Dudley, N. W. Storer, 

E. J. Edwards, Joan B. Taylor, 
H. W. Fisher, B. Williamson. 


UNITED STATES NATIONAL COMMITTEE 
OF THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 


C. O. Mailloux, President, 
20 Nassau St., New York. 
F. B. Crocker, Vice-President, 
A. E. Kennelly, Secretary, | 
Harvard University, Cambridge, Mass. 
В А. Adams, А. S. McAllister, 


. А. Behrend, M. I. Pupin, 
James Burke, E. B. Rosa, 

ohn J. Carty, David B. Rushmore, 
Gano Dunn, Charles F. Scott, 
H. M. Hobart; Clayton H. Sharp, 
John W. Lieb, C. E. Skinner, 


Elihu Thomson. 


COMMITTEE ON CODE OF PRINCIPLES OF 
PROFESSIONAL CONDUCT. 
NC e F. Sever, Chairman, 
ark Row, New хэс 
S. McAllister, 


А. H. Babcock, 
Gano Dunn, Schr yler Skaats Wheeler 


EDISON MEDAL COMMITTEE. 
A ppotnted by the President for terms of five years. 


Term expires July 31, 1918. 
H. W. Buck, F. A. Scheffler, 
J. Franklin Stevens. ` 


Term expires Je uly 31, 1919. 
Charles F. Brush. C. Chesney. 
N. W. 222 
Term expires July 31, 1920. 
Carl Hering, arris J. Ryan, 
Robert Lindsay. 


" Term expires July 31, 1921. 
W. C. L. Eglin, 


Bancroft Gherardi, 
. W. Rice, Jr. 
Mn expires Ju uly 31, 1922. 
C. А. А; L. A. Ferguson, 


S. W. Stratton. 


Elected by the Board of Directors from sis own 
membership for terms of two years. ; 


Term expires July 31, 1918. 
L. T. Robinson, Harold Pender, 
C. E. Skinner. 


Term expires Ju!y 31, 1919. 
B. A. шаш" Frederick Bedell, 
A. S. McAllister. 
Ex-Officio. 
E. W. Rice, Jr., President, 
George А? Hamilton, Treasurer, 
F. L. Hut :hinson, Secretary. 
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TECHNICAL COMMITTEES. 
5 Revised to October 1, 1917. 


POWER STATIONS. 


Philip Torchio, Chairman 
N. Y. Edison Company: 124 E. 15th St., 


New York. 
L. P. Crecelius, H. S. Putnam, 
W. S. Gorsuch, F. А. Scheffler, 
Р. М. Lincoln, R. F. Schuchardt, 
S. A. H. L. Wallau, 
I. E. Moultrop, W. F. Wells, 
B. F. Wood. 


TRANSMISSION AND DISTRIBUTION. 


L. E. Imlay, Chairman, 
Niagara Falls Power ‘Company, Niagara Falls, 


A. O. Austin, P. M. Lincoln, 

. A. Brundige, L. C. Nicholson, 
. W. Buck, W. D. Peaslee, 

Wallace S. Clark, D. W. Roper, 

E. E. F. Creighton, Harris yan, 

H. W. Fisher, P. H. Thomas. 


TRACTION AND TRANSPORTATION. 


N. W. Storer, Chairman 
Westinghouse E. & M. Co., East Pittsburgh, Pa. 
Harry H. Adams, William A. Del Mar, 


А. H. Armstrong, J. V. B. Duer, 
А. H. Babcock, John Murphy, 
Reinier Beeuwkes, Charles F. Scott, 
W. H. Blood, Jr., H. M. Warren. 


INDUSTRIAL AND DOMESTIC POWER. 


E. H. Martindale, Chairman, 
National Carbon Company, Cleveland, O. 
. G. Pierce, Vice-Chairman, 
9211 Farmers Bank Building, Pittsburgh, Pa. 
. W. Cope, Charles D. Knight, 
James Dixon, А. M. MacCutcheon, 


А. M. Dudley, James M. Smith, 
R. Н. Good willie, H. Weichsel, 
А. d Hadley, J. B. Wiard, 

А. Kelsey, R. B. Williamson. 


LIGHTING AND ILLUMINATION. 


Edward P. Hyde, Chairman, 
Nela Park, Cleveland, O. 


G. N. Chamberlin, R. C. Powell, 

C. E. Clewell, E. B. Rosa, - 

J. R. Cravath, W. D'A. Ryan, 
Bassett Jones, on H. Sharp, 
T. S. Perkins, . M. Skiff. 


ECONOMICS OF ELECTRIC SERVICE 


W. B. Jackson, Chairman 
Harris Trust Building, Ohinga: Iil. 


P. H. Bartlett, Leavitt L. Edgar, 
Philander Betts, W. S. Gorsuch, 
W. H. Blood, Jr., Карз С. Hudson, 
Fred А. Вгуап, А. Н. Kruesi, 
C. L. Cory, Allard Smith. 


PROTECTIVE DEVICES. 


D. W. Roper, Chairman, 

Commonwealth Edison Company, 

Adams St., Chicago, Ill. 
E. E. F. Creighton, 
Leslie N. Crichton, 
James C. Dow, 
L. L. Elden, 
E. M. Hewlett, 
H 


72 W. 


. Lincoln, 
А.А. Meyer, 
N. L. Pollard, 
F. E. Ricketts, 
Philip Torchio, 
R. Woodrow. 


ELECTROCHEMISTRY AND ELECTRO- 
METALLURGY. 


F. A. J. Fitzgerald, Chairman, 

Fitzgerald И ІН; ia am. Falls, N. Y. 
Lawrence Addicks, 
oseph L. Dixon. 
: nds, A Seede 
Carl Hering, ЫГ R. Whitney. 


ELECTROPHYSICS. 


Frederick Bedell, Chairman, 
Cornell University, Ithaca, N. Y. 


H. D. Arnold, F. W. Peek, Jr. 

A. C. Crehore, L T. Robinson, 
E. P. Hyde, E. B. Rosa, 

P. S. Millar, C. E. Skinner. 


TELEGRAPHY AND TELEPHONY. 


с 


Morehouse, Chairman 
T. and T. Сорап, '195 Broadway, New 


. F. 
`А. 
ог 

Е. W. Alexanderson, Wiliam Maver, 

E. Chetwood, Kempster B. Miller, 
B. Craft, ohn Stone Stone, 
"s ohn B. Taylor, 


Davis,. 
. L. Wayne. 


E. 
R. 
E. 
M. 
А. Griswold, 


MARINE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa. 
D. M. Mahood, Secretary, 
Sperry Gyroscope Company 
Manhattan Bridge Bo za, Brooklyn, N. Y. 


R. B. Chillas, Jr., ay А 

M. W. Day, O. P. Loomis, 

Г. А. Doggett, С. А. Pierce, Jr., 
С. Е. Edgar, Н. M. Southgate, 
W. L. R. Emmet, E. А. Sperry, 

W. R. Furlong, Wilfred Sykes, 
H. L. Hibbard, F. W. Wood. 


USE OF ELECTRICITY IN MINES. 


К. A. Pauly, Chairman, 

General Electric Company, Schenectady, N.Y. 
Frank H. Armstrong, Ilsley, 
сов Bright, R. L. Kingsland, 


. A. Chandler, A. B. Kiser, 
H. H. Clark Charles Legrand, 
F. J. Duffy, Charles M. Means, 


H. M. Warren. 


ELECTRICAL MACHINERY. 


Alexander M. Gray, Chairman, 
Cornell University, Ithaca, N. Y. 
В.А. Behrend, H. F. T. Erben, 
А. M. Dudley R. B. Williamson, 
James Burke. 


INSTRUMENTS AND MEASUREMENTS. 
S. G. Rhodes, Chairman, 


104 East 32nd St., New York. 
P. G. Agnew, F. V. Magalhaes, 
F. P. Cox, T. S. Perkins, 


Clayton H. Sharp. 


IRON AND STEEL INDUSTRY. 


F. D. Egan, Chairman, 
Pittsburgh Crucible Steel Co., 


Midland, Pa. 

F. B. Crosby, J. C. Reed, 
Bugene Friedlaender, A. G. Pierce, 
E. S. Jefferies, Wilfred Sykes, 
W. C. Kennedy, R. Tencher 
D. M. Petty, R. B. Williamson, 

J. H. Wilson. 
EDUCATIONAL. 


E. J. Berg, Chairman, 

Ünion College, Schenectady, N. Y. 
Alexander M. Gray, Merriam, 
Charles S. Howe, Chester W. Rice, 
E. A. Loew, C. E. Skinner, 

W. I. Slichter. 


PROCEEDINGS OF A. I. E. E. 


” 


(бес. 


INSTITUTE REPRESENTATIVES. 


326 
ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 
C. O. Mailloux, 


ohn J. Carty. 
Paul M. Lincoln, 1 W. Buck. 


ON BOARD OF TRUSTEES, UNITED 
ENGINEERING SOCIETY. 


Samuel Sheldon, 
Calvert Townley. 


Gano Dunn, 


ON LIBRARY BOARD OF UNITED 
ENGINEERING SOCIETY. 


W. I. Slichter, Edward D. Adams, 
Harold Pender, Samuel Sheldon, 
. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF МА- 
TIONAL FIRE PROTECTION ASSOCIATION, 


The chairman of the Institute's Code Committee. 


ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles F. Scott, Samuel Sheldon. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


W. S. Franklin, G. W. Pierce. 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOE. 


Edward Caldwell. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION 
COMMISSION. 


C. O. Mailloux, 


А. Е. Kennelly, : 
Clayton H. Sharp. 


ON JOINT COMMITTEE ON CLASSIFICA- 
TION OF TECHNICAL LITERATURE. 


F. B. Jewett. 


ON PAN-AMERICAN ENGINEERING 
COMMITTEE. 
William McClellan, 


Charles W. Stone, 
alvert Townley. 


Gano Dunn, 
John Н. Finney 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND 
LINE CONSTRUCTION. 


Farley Osgood, Percy H. Thomas. 
AMERICAN COMMITTEE ON 
ELECTROLYSIS. 


Bion J. Arnold, F. N. Waterman, 
Paul Winsor. 


ON ENGINEERING COUNCIL. 
H. W. Buck, N. A. Carle, 
E. W. Rice, Jr., P. Junkersfeld, 
C. E. Skinner. 
ENGINEERING COMMITTEE OF THE 
NATIONAL RESEARCH COUNCIL. 


F. B. Jewett, Clayton H. Sharp. 


ON ENGINEERING FOUNDATION BOARD. 
Michael I. Pupin. 


ON NAVAL CONSULTING BOARD. 


Benjamin G. Lamme, Frank J. Sprague. 


ON AMERICAN ENGINEERING STANDARDS 


C. A. Adams, N. A. Carle, 
P. Junkersfeld. 


COMMITTEE ON GENERAL ENGINEERING, 
ADVISORY COMMISSION OF THE 
COUNCIL OF NATIONAL DEFENSE. 

H. W. Buck, C. А. Adams. 


COMMISSION OF WASHINGTON AWARD. 
John Price Jackson, Charles F. Scott. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10 Via S. Radegonda, Milan, 
Italy. 
Robert Julian Scott, Christchurch, New Zealand, | 


T. P. Strickland, N. S. W. Government Railways 
Sydney, М. 5. 3 


W. G. T. Goodman, Adelaide, South Australia. 
James S. Fitzmaurice, Perth, West Australia. 
L. A. Herdt, McGill Univ., Montreal, Que. 
Henry Graftio, Petrograd, Russia. 


А. S. Garfield, 45 Boulevard Beausejour Paris 
16 E. France. 


Harry Parker Gibbs, Tata Hydroelectric Power 
Supply Co., Ltd., Bombay, India. 


john W. Kirkland, Johannesburg, South Africa. 
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LIST OF SECTIONS 


Revised to October, 1917. 


Name and when Organized Chairman Secretary 
Atlanta................ Jan. 19, '04 | A. M. Schoen Thomas C. Taliaferro, S. E. Underwriters 
Ass'n., Atlanta, Ga. 
Baltimore............. Dec. 16, '04 . B. Whitehead L.M.Potts, Industrial Bldg., Baltimore, Md. 
Boston................ Feb. 13, '03 ope Ira M. Cushing,84 State St. Boston, Mass. 
Сһісасро...................... 1893 | Wm. 1. Crumpton| C.A.Keller, Edison Building, Chicago, Il. 
Cleveland............. Sept. 27, '07 | C. M. Rakestraw | C. S. Ripley, 711 Williamson Building, 
Cleveland, Ohio. 
Denver............... May 18, '15 | Norman Read Robert B. Bonney, 806 Telephone Build- 
| ing, Denver, Colo. 
Detroit-Ann Arbor...... Jan. 13, '11 | H. H. Higbie H. m Bb arri Deua Edison Company, 
etroit, 
Fort Wayne........... 14, '08 . J. Kline Б, B. Roberts, С. E. Co., Fort Wayne,Ind. 
Indianapolis Lafayette. ue 12, '12 . O. Garman D. J. дар. Esterline and Angus, Indian- 
apo is, : 
Ithaca................ ct. 15, 02 | Е. Bedell Alexander Gray,CornellUniv.,Ithaca,N.Y. 
Kansas City, Mo....... Apr. 14, '16 | W. F. Barnes . F. т 1012 Baltimore Ave., Kan- 
sas ity, Mo. 
Los Angeles........... May 19, '08| Don Morgan A. W. Nye, University (| Southern Cali- 
fornia, Los Angeles, 
о ———— Aug. 22, '11 | J. M. Davis R. D. Thomson, General. Electric Com- 
pany, West Lynn, Mass. 
Madison.............. Jan. 8, 09 | J. В. Price L. E. A. Kelso, University of Wisconsin, 
ехісо............... Dec. 13,707 Madison, Wis. 
Milwaukee .Feb. 11, '10 | Arthur Simon Soren H. Mortensen, Allis-Chalmers Mfg. 
Co., West Allis, Wis. 
Minnesota............. Apr. 7, '02 | Е. W. Springer A. B. 'King, Electric Machinery Company, 
Minneapolis, Minn. 
—€——— (€ Oct. 10, '13 | C. J. Embree William F. Connell, Balboa Heights, C. Z. 
Philadelphia........... Feb. 18, 03 | Nathan Hayward | Н. Mouradian, Bell Telephone Co. of 
Penna., Pbuadelphis, Pa. 
Pittsburgh............. Oct. 13, '02 | F. E. Wynne G. M. Baker, G. E. Co., Oliver Building, 
р Pittsburgh, Б; Е 
Pittsfield.............. Mar. 25, '04 | F. F. Brand E. H. Branson, General Electric Company, 
Pittsfield, Mass. 
Portland, Ore.......... May 18, '09 | E. D. Searing R. M. Boykin, North Coast Power Co., 
Portland, Oregon. 
Rochester............. Oct. 9,'14 | Frank C. Taylor | С. T. Wallis, 138 Fairview Avenue, 
Rochester, N. Y. 
St. Louis.............. Jan. 14, '03 | A. McR.Harrelson | Н. L. Hope, Southwestern Bell Telephone 
Pa ЕШ, St. Louis, Mo. 
San Francisco.......... Dec. 23, '04 | L. R. Jorgensen Jones, = Rialto Building, San 
| | jn Cal 
Schenectady........... Jan. 26,'03 | М. L. Upson L. F. Millham, General Electric Company, 
Schenectady, N. Y. 
ЗеаШе................ Jan. 19, '04 | C. E. Magnusson | С. В. Terrell, Puget Sound Trac. Lt. and 
Power Co., Seattle, Wash. 
Зрокапе.............. Feb. 14, '13 | Charles А. Lund | J. E. E. Royer, Washington Water Power 
1 Company, Spokane, Wash. 
Toledo................ June 3,'07 | W. E. Richards Max Neuber, 1257 Fernwood Ave., 
. Toledo, Ohio. 
Тогопіо............... Sept. 30, 03 | William G.Gordon| Ernest V. Pannell, 60 Front Street, West, 
Toronto, Ont. 
Utah Section........... Маг. 9,117 | А. S. Peters H. дын Bumby Newhouse Bldg., Salt Lake 
ity, Utah 
Огһала............... Nov. 25, 02 | L. V. James А. В. Knight, Univ of Illinois, Urbana,Ill, 
Vancouver............. Aug. 22, '11 | R. F. Hayward T. H. Crosby, Canadian Westinghouse Co. 
. Vancouver, B. C. 
Washington, D. C Apr. 9, 03 | Paul С. Agnew J. Ernest Smith, McKinley Manual Train- 
ing School, Washington, D. C 
Total 33 
LIST OF BRANCHES 
Name and when Organized Chairman Secretary 
Agricultural and Mech. | 
College of Texas...... Nov. 12, '09 | L. E. Tighe F. V. Murrah, College Station, Tex. 
Alabama Poly. Inst...... Nov. 10, '16 | W. W. Hill Г.А. Douglas, Р.О. Box 190, Auburn, Ala. 
Alabama, Univ. of. ..... Dec. 11, '14 | Gustav Wittig А. Е. Frazer, University, Ala. 
s, Univ. of...... Mar. 25, '04 | E. P. O'Neal J. C. Douthit, University of. Arkansas, 
| | Fayetteville, Ark. 
Armour Institute.......Feb. 26, '04 | В. A. Newlander ёр Пош, 7542 So. Chicago Ave., 
icago, 
Brooklyn Poly. Inst...... Jan. 14,116 | Paul С. Wehle Robert Davie, The Polytechnic Insti- 
1 | tute, Brooklyn, М. Y. 
Bucknell University..... Мау 17, '10 | A. W. Hatfield C. C. Gillette, Phi Gamma Delta House, 
PF ) Bucknell University, Lewisburg, Pa. 
California, Univ. of..... Feb. 9,'12 | A. J. Swank . F. Teale, University of California, 
Berkeley, Cal. 

Carnegie Inst. of Tech...May 18, '15 | W. F. Eames B. C. Dennison, Carnegie School of Tech- 

222 А nology, Pittsburgh, 

Cincinnati, Univ. of..... Apr. 10, 08 | В. L. Utley V. McCormick, 31 10. Woodburn Ave., 
Cincinnati, Ohio 

Clarkson Col. of Tech....Dec. 10, '15 | Е.Н. Hoyt E. S. Parks, Clarkson College of Тесһ- 
nology, Potsdam, LY. 

Clemson culturalCol. Nov. 8,712 | О.Н. Banks W. H. Neil, Clemson College, S. C. 

Colorado State Agricul- 

tural College......... “Feb. 11,110 | В. C. Richards Ү.А: Stallings, Colorado. State Agricul- 


tural College, Fort Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name and when Organized 


Colorado, Univ. of...... Dec 
Georgia School of Tech- 
nology.............. June 
Highland Park College .Oct. 
Idaho, Univ of.. ЯН une 
Iowa State College .. . . Apr. 
Iowa, Univ. оҒ......... May 
Kansas State Agr. Col.. . Jan. 
Kansas Univ. of........ Mar. 


Kentucky, State Univ. of Oct. 
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REGENERATIVE BRAKING OF ELECTRIC VEHICLES 


BY R. E. HELLMUND 


ABSTRACT OF PAPER 


This paper discusses the problems met in applying regenerative 
control to electric railways. In the introductory section the 
purposes, advantages, requirements and disadvantages of regen- 
erative control are pointed out, and then the author takes up the 
description of various systems. In doing this, special attention 
is paid to those systems which are well adapted to illustrate 
some fundamental principle, and to those which are of some 
practical importance. Other systems are, on account of space 
limitations, mentioned only briefly, or entirely omitted. 

The three-phase system is discussed under the following heads: 
regeneration near synchronous and above synchronous speeds; 
line regulation; practical results and safety of operation; influ- 
ence upon power factor; regeneration at speeds below synchron- 
ism. 

_ The phase converter system is next taken up, with a considera- 
tion of the requirements of such a system, and practical results 
attained. 

Direct-current systems of regenerative control and their 
problems are exhaustively discussed, under the following heads: 
series, shunt, and separately excited generator; classification and 
description of separately excited systems with generators operat- 
ed by line voltage; inherently constant excitation; excitation 
varying with the line voltage; excitation varying with the regen- 
erated current; series-parallel control; capacity of exciter and 
switches; systems with variable armature voltage; miscellaneous 
direct-current systems; transmission system and substations. 

The next division of the paper deals with alternating-current 
commutator motor systems, including those with separatelv 
excited generators, armature self-excited generators, excitation 
varying with the regenerated current, and stator self (load)- 
excited generators, and the subject of commutation is discussed. 

The possibilities of regenerative control with a vapor converter 
system are then analyzed, and the paper ends with a statement of 
the general conclusions reached. 


HE fact that a motor driving an electric vehicle may, under 
certain conditions, be converted into a generator and that it 
wil as such exert a braking effect upon the vehicle instead of 
propelling it, was known very soon after the electric propulsion 
of vehicles was introduced. 
This braking effect may be utilized under two conditions: 
first, when the vehicle is going down hill, for the purpose of 
avoiding undesirable acceleration, due to gravity, and conse- 
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quent high speeds; second, after a vehicle has reached a certain 
speed and it is desirable to reduce this speed to a lower speed 
or to standstill. | 

The electric energy generated while braking the vehicle in 
this manner may be disposed of in two ways: first, it may 
be used up in resistances mounted on the vehicle, in which case 
it is customary to speak of dynamic braking; second, it may be 
returned to the power supply system, in which case it is cus- 
tomary to speak of regenerative braking. A combination of 
the two cases is, of course, possible and may be found advan- 
tageous in certain applications. Since in any of these cases 
dynamic braking takes place, it would be better to use the terms: 

1. Resistance braking. 

2. Regenerative braking. 

3. Combined resistance and regenerative braking. 

This paper deals with regenerative braking in particular. 

Common to all three cases of electrodynamic braking, are 
the following advantages over purely mechanical braking: 

1. Reduced wear of mechanical braking devices, which, in 
the case of electric railways, usually results in reduced main- 
tenance cost for wheels and brake shoes. 

2. Greater ease and safety in handling the vehicle during 
the braking period under certain conditions, which results, 
especially in handling heavy freight trains, in reduced main- 
tenance of couplings and other parts of the cars. 

3. Higher permissible average speed in descending grades 
in certain applications. Тһе braking effect with air brakes 
cannot be kept constant, so that speed variations will result, 
when going down grade. Due to these variations, the average 
speed is appreciably below the maximum safe speed. With 
electrodynamic braking without the assistance of air brakes, 
much closer speed control is possible, so that the average speed 
can be held much closer to the maximum permissible speed. 

4. Increased safety by elimination or at least reduction of 
tire heating caused by brake shoe friction and resulting іп 
loose tires and accidents. 

Regenerative braking has the further marked advantages 
namely: | 

. 6. Power economy which amounts in many cases to a saving 
of 15 per cent or more in the total power consumption. 

6. In connection with subways where generation of heat in 
the tunnels is very objectionable, regeneration is very advan- 
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tageous, as it permits the elimination of an appreciable part 
of the heat now generated by the mechanical braking system. 

It may safely be stated that wherever it seems worth while, 
the above advantages may be secured in the present state of 
the art, both on running down grades and during retardation, 
with any of the systems or types of motors which are now used 
for the operation of electric vehicles, although commercial sys- 
tems have been developed, up to the present, for only a few 
cases. 

The requirements necessary to accomplish these results are 
as follows, and are either partly or in their entirety, dependent 
upon the system, service conditions, etc. 

1. Increased current capacity of the main motors and such 
transforming or converting apparatus as may be located on the 
vehicle for the purpose of converting power for the main motors. 
This is evident because the braking current flowing in the 
motor, etc., naturally raises the r. m. s. or heating currents. 
This increase may be appreciable when regeneration is used 
for stopping trains in local passenger traffic, while it may be 
rather small in the case of freight locomotives descending 
grades. 

Increased current capacity necessitates, in turn, either in- 
creased dimensions of all apparatus affected thereby, or increased 
Ventilation, which may at times be attained by increased capac- 
ity of existing ventilating equipments, or by introducing 
additional ventilating equipment. Where the motors are not 
loaded to their full capacity for propelling purposes, these 
Tequirements may, of course, not exist. 

2. Adaptation of the motor bearings and other mechanical 
parts to regenerative operation, where necessary. 

3. Additional equipment on the vehicle for the purpose of 
controlling and safeguarding the regenerative operation and to 
give, where necessary, the desirable regenerating characteristic 
to the motors. 

4. Additional equipment in the generating or transforming 
Stations for the purpose of controlling the operation in con- 
nection with special conditions brought about by regenerative 
braking. 

5. Adjustment of the system wherever necessary due to the 
increased tendency towards voltage variation introduced by 
regenerative braking. 

6. Modification of train dispatching so as always to have 


4 HELLMUND: REGENERATIVE BRAKING [Jan. 12 


a load on the line utilizing the regenerated current, in cases 
where maximum economy in power consumption is of prime 
importance. 

The fulfilment of these requirements as far as they exist in 
the various systems introduces the following disadvantages of 
some importance, which have to be compared with the advantages 
previously enumerated: | 

1. Increased weight of vehicle equipment, necessitating, some- 
times, increased weight of the mechanical vehicle parts. 

2. Increased first cost of vehicle equipment, necessitating, 
sometimes, increased first cost of the vehicle parts. 

3. Increased cost of maintenance of the vehicle equipment. 

4. Increased complication, and consequent reduced reliability 
of operation, of the equipment. This will under certain condi- | 
tions, of course, also impair the safety with which the vehicle 
may be operated. 

5. Increased complication and consequent reduced reliability 
of the power house, substations and line protecting apparatus. 
(While some additional complication may be required in the 
generating and transmitting system, due to the addition of cer- 
tain controlling apparatus, the weight and cost of the same 15 
usually so low that it 1s of no practical importance and usually 
more than outweighed by the gains made in the reduction in 
size of apparatus made possible by the reduced power require- 
ments). | 

6. Increased first cost for copper in the transmission system, 
or for introduction of other means, to compensate, where neces- 
sary, for the increased tendency towards voltage variation, 
whensoever such tendency exists. 

The relative importance of the various advantages and dis- 
advantages given above depends, of course, to a large extent 
upon the individual system applied and upon service conditions. 
It 15 evident, for instance, that the importance of power economy 
depends largely upon the cost of power as part of the total 
operating expense, and that the advantage of power economy 
may be entirely eliminated where water power is available in 
abundance. Thelatter condition is, of course, as a rule only 
temporary, because it is to be expected in practically all cases 
that any such abundance will in time be eliminated by an in- 
creased market for electric power. 

While the disadvantages, and their importance, vary also 
in each case, a number of facts apply pretty generally to all 
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Systems, and under most service conditions. It is a fact, for 
instance, that most of the disadvantages enumerated are not 
of very great practical importance in most cases where condi- 
tions are such that the saving in power consumption, made pos- 
sible by regeneration, is appreciable, say 10 to 15 per cent, 
or more, or where an equivalent saving or gain is brought about 
in the maintenance of brake shoes, wheels, increased operating 
speeds, or the like. 

The increased weight of the vehicle equipment and of the 
vehicle is usually disadvantageous only in so far as it tends to 
increase the power consumption during acceleration and running. 
In all but exceptional cases, this increase in power consumption 
is, however, smaller than the saving made possible by regenera- 
tive control, and in many cases it amounts to only a very small 
percentage of the same. Therefore, the increased weight does 
not really mean a disadvantage, but merely reduces the advan- 
tage ofregenerative braking by a certain, and often very small, 
amount. "There are, of course, cases of locomotives where the 
maximum permissible weight on the drivers is the limiting 
feature of the design, and any increase e of weight may be quite 
à handicap in such cases. 

Similar conditions apply to the increased first cost of the vehicle 
equipment and the interest and depreciation charges connected 
therewith. Тһе latter represent again in many cases only а 
very small percentage of the saving made possible by regenera- 
tive control. 

In some cases of old equipment where the main motors can- 
not be readily increased in capacity to take care of the regenera- 
tion, or where the mechanical parts, like the bearings, do not 
Operate properly with regeneration, also where extensive changes 
in the generating and transmission system are necessary, the 
first cost for introducing regeneration may, of course, make the 
Change prohibitive. 

The increased cost of maintenance is in connection with many 
of the systems not very large, and of no practical importance, 
as it represents a very small percentage of the saving in power 
consumption brought about with regenerative control. 

The additional complication in the power house or transmis- 
Sion system is also rather small and usually consists, where at 
all necessary, only in some automatic means for dissipating 
Whatever small amount of energy may at times be regenerated 
іп excess of the energy required for propelling the other vehicles 
and other loads on the system. 
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The disadvantages resulting from the increased tendency 
towards voltage variation which may be introduced by regenera- 
tion depends largely upon the individualcase. Ina system where 
a large number of individual vehicles is operated at all times, 
as in surface lines, elevated and subway lines in the center of 
large cities, there will practically always be a large demand for 
the regenerative current by other vehicles and the result will 
be not only that the average power taken from the power house 
is reduced, but also that the maximum demand, and with it, 
the maximum voltage drop is reduced. In such cases there is, 
of course, no disadvantage on this score. 

On the other hand, there are certain systems where so few 
trains or vehicles are on the line that it may happen that, at 
the time of maximum demand for propelling, none of the vehicles 
is regenerating and that, consequently, no reduction of the max- 
imum power demand, and therefore, no reduction of maximum 
drop, is accomplished. At other times it may happen that on 
a certain line one or more vehicles are heavily regenerating 
while no power, or only a small amount of power, is being 
drawn from the line. In such a case the voltage drop will, 
of course, be negative. In other words, there is a voltage rise 
over the no-load voltage, bringing about an increased total 
voltage variation. 

In many cases such an increase in voltage variation is of no 
practical importance. In other cases, where the car lighting 
system is dependent upon the line voltage, or where the main 
motors, auxiliary motors or generating apparatus are sensi- 
tive to voltage rises, the increased voltage variation may require 
some compensating means. In cases where the car lighting 
system is affected, it may be found desirable to make it inde- 
pendent of the line voltage by installing special car lighting 
apparatus. Usually, however, it will be found best to compensate 
for the increased tendency towards voltage variation by a 
slight increase in line copper, etc. In certain exceptional cases 
this might prove to be an item of no small importance against 
the introduction of regenerative control, on account of first 
cost. Since the increased line capacity tends, however, to im- 
prove the efficiency of the system, the first cost may, even in 
such cases, be largely compensated by reduced losses in the line 
The cases in which the considerations of line regulation are of 
very great importance are rather rare; and in most cases of 
the present large properties which, as a matter of course, are 


1917] HELLMUND: REGENERATIVE BRAKING 7 


the first ones to consider regenerative control, this disadvantage 
either will not exist or will be of comparatively little importance. 

In view of the above, and in view of the fact that great efforts 
have been made to reduce power consumption by other means, 
like reduction of equipment and car weight, field control, coast- 
ing clocks, etc., it is rather surprising that regenerative control 
has not been used to a greater extent in the past. Тһе only 
reason for this could be that the increased complication and 
consequent reduced reliability were considered as a sufficient 
disadvantage to outweigh the advantages. Ав long as the var- 
lous types of controlling and protecting apparatus, as well as 
the operating characteristics of certain motors during regenera- 
tion, had not been developed to such a high degree of reliability 
as has been attained in many of the up-to-date apparatus and 
Systems, this was undoubtedly a very sound and sufficient 
reason. With the present advanced state and knowledge of the 
art, however, this condition has changed, and although some 
difficulties have to be overcome with the various systems, there 
15 no doubt but that the requirements for reliability and safety 
can be successfully met, in spite of some additional complication 
necessary, to a larger or smaller degree, in the various cases. 
For this reason the subject of regeneration is well worth serious 
consideration, and the brief outline of the various possible 
Systems given in this paper may be of interest. As a matter of 
course, the development along these lines will, in the future, 
as in the past, follow the path of least resistance and the systems 
requiring the least complication and interfering the least with 
the reliability of equipment for propelling purposes will be intro- 
duced first. | 

In describing the various systems of regenerative braking, 
Special attention has been paid to those which are adapted for 
demonstrating some fundamental principle, or to those which 
are especially important and promising with regard to practical 
application; many other systems are by necessity mentioned 
very briefly, or entirely omitted. 


THREE-PHASE SYSTEM 


It is a well-known fact that any induction motor if driven 
by mechanical torque above synchronous speed will be converted 
into a generator without any change in connections and without 
requiring any manipulation of the master controller. In other 
words, a vehicle of a three-phase system when going down- 
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hill will automatically give regeneration as long as the motors 
are connected to the line, whether such a condition is desired 
or not—assuming, of course, that the grade is steep enough to 
accelerate the train and that the accelerating tractive effort is 
not used up by the mechanical brakes or other losses. The usual 
practise is to start the vehicle in the normal way and leave the 
power on, when going down grade; but even if the power has . 
been disconnected and regeneration is desired, power connections 
can be re-established in the same manner as when the motors 
are starting, because the introduction and gradual elimination 
of the rotor rheostat will avoid excessive overloads over wide 
ranges of speed conditions. Regeneration in this case, therefore, 
does not introduce any complication whatsoever on the vehicle 
and in order to obtain satisfactory results, it is only necessary 
to equip the vehicle with motors and transformer, if the latter 
be used, of sufficient capacity to take care of the regenerative 
currents. Wherever there is danger of the regenerative power 
at times exceeding the power demand, resistance, preferably 
of the water resistance type, has to be provided in the power 
house, with some automatic means to connect it in the circuit 
whenever a surplus of power is to be taken care of. All alter- 
nating-current transmitting, transforming or converting appa- 
ratus will act as well under regenerative conditions as otherwise. 
Only in case of rotating converting apparatus being used in 
the system, possibly in the form of frequency changers, a certain 
amount of danger is introduced by the possibility of such appara- 
tus over-speeding when the main power supply is interrupted 
for some reason or other, and a train going down-hill furnishes 
power to the converting apparatus. In such a case, the train 
may, of course, accelerate and increase with its own speed the 
speed of the converter. This condition can, however, be very 
easily taken care of by over-speed relays on the converter, the 
same as is now being done for similar reasons in connection with 
synchronous converters and the like. 

The proper balance of the regenerative load between the dif- 
ferent motors of а vehicle in case of slight variation in wheel 
diameter can be taken care of by the means provided for the 
same purpose during motoring. 

Some additional slight complications may be introduced 
whenever in some exceptional cases a locomotive is required as 
part of its regular service to take a train down-hill with tractive 
effort in excess of that given by the slipping point of the wheels 
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of the locomotive. In such cases it is necessary to use air brakes 
in the train and to work them in conjunction with the regen- 
eration of the engine. Since it is at present considered very 
dificult or almost impossible to exert a uniform torque with 
the air brakes, the use of the air brakes means, as previously 
mentioned, a necessity for varying the speed of the train about 
9 to 10 mi. per hr. (about 8 to 16 km. per hr.) while descending 
a grade. In order to enable the inherently constant-speed 
induction motor to follow such speed variations, while at the 
same time regenerating, it is necessary to introduce a variable 
resistance into the rotor circuit which in turn permits speed 
variations from synchronous speed to speeds about 5 to 10 mi. 
per hr. higher. Тһе resistance may, in this case, be,regulated 
either automatically, which, of course, means some complica- 
tion, or manually, which, in turn, would require a certain skill 
on the part of the operator. It is further a fact in this case that 
a part of the regenerated energy when running above synchron- 
ous speed cannot be returned to the line, but has to be dissi- 
pated in a resistance, the amount of this energy, in per cent of 
the available mechanical energy, being approximately in pro- 
portion to the actual speed obtained minus the synchronous 
Speed, the difference to be divided by the actual speed. While 
the loss of energy in itself may not be of great importance, 
it is at timesa serious problem to get a big enough rheostat for 
Successfully dissipating such energy, especially since the neces- 
sity for doing so usually arises only in connection with very 
heavy railway work. In order to demonstrate the possibilities 
of regenerative braking with speeds varying above synchronism, 
Fig. 1 is given, showing speed-torque curves of a typical induc- 
tion motor with different resistances in the secondary; Fig. 2 
also gives the. approximate percentage of regenerated power 
which has to be dissipated and wasted in resistances on the 
vehicle. It will be seen that all curves are in very close agree- 
ment with curve A, which is plotted in accordance with the 
approximate rule given above for the losses. 

The conditions just described also apply, of course, if opera- 
tion at speeds above synchronous speed is desirable or necessary 
for any other reason. It may, for instance, be desirable in certain 
cases to take light loads down-hill at over-synchronous speed 
by using resistance in the secondary; the only limitation in 
doing this is the limit imposed by the capacity of the secondary 
rheostat, and the limiting safe speeds from a mechanical point 
of view. 
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The increased tendency towards voltage variations with regen- 
eration is of no great practical importance in connection with 
polyphase systems, because all parts of the system can easily 
stand a slight voltage increase for the short interval of time 
during which it usually exists. Аз previously mentioned, the 
higher voltage increases the torque of the motors, and, therefore, 
does not impair the reliability of service. The high voltage 
may at times unfavorably affect the power factor and the 
losses in the system, but in so far as it only exists at times of 
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light load, this is of по great consequence. It is, moreover, to 
be considered in this connection that with the high line voltages 
possible in alternating-current systems, the line regulation may 
be kept fairly good without undue amounts of copper in the 
system. "The fact that regeneration with induction motors does 
not decrease the wattless currents, but rather increases them, 
will, to a large extent, eliminate any tendency towards increased 
voltage variations. 

The great ease and simplicity with which regeneration can 
be obtained under most conditions with polyphase vehicles 
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for the purpose of braking down-hill is undoubtedly the reason 
why such regenerative braking was introduced practically as 
soon as three-phase power was used for railway purposes. The 
results obtained with regenerative braking on the three-phase 
electrifications in Europe for the last 12 to 16 years have been 
exceedingly satisfactory and beneficial, all the advantages of 
reduced wear and tear of mechanical brakes and other parts, 
of economy in power consumption, and increased operating 
speeds on down grades, having been realized to a large extent. 

The degree of safety in operating a vehicle or, especially, 
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heavy trains down-hill with regenerating induction motors with 
Short-circuited secondaries is almost perfect, and limited only 
ІП а few respects. Тһе vehicle speed is kept practically constant 
With very wide ranges of load and an interrruption of the brak- 
Ing tractive effort takes place only in case the power supply is 
Interrupted, or possibly if some of the main driving elements 
Of the vehicle are seriously damaged. This is usually at once 
indicated to the engineer by the meters in front of him, and in so 
far as the regeneration has definitely kept the vehicle down to 
Safe speeds previous to the loss of power, or the like, it has in 
practise always been found very easy to get the train or the vehicle 
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under the control of the air brakes before unsafe speeds were 
reached. In the case of especially steep grades or other severe 
conditions, it 15, of course, quite feasible to provide automatic 
means for putting on the mechanical brakes in case of emergency. 
The maximum braking torques which can be exerted are usually 
limited only by the slipping point of the wheels, since it is ds а 
rule easily possible to keep the pull-out torque of the motors a 
safe amount above this point. While in motoring the pull-out 
torque may be reduced by excessive voltage drops, heavy regen- 
erative braking will rather tend to bring about a rise in voltage 
with consequent increase in the maximum braking torque, which 
is, even with equal voltage, larger than the motor torque (see 
Fig. 1). Slipping of the wheels, where it is liable to occur, can 
be avoided by introducing automatic current-limiting or torque- 
limiting devices which prevent an increase in braking torque 
above the slipping point, for instance, by introducing a resist- 
ance.into the motor secondary, thereby limiting the load. 

There is one point worth mentioning in connection with 
regenerating induction motors, which is often construed to be 
a disadvantage, whereas it actually is not a disadvantage at all, 
but merely reduces the advantage which may be secured from 
regeneration. А system with regenerating induction motors 
is liable to show a very low power factor, due to the fact that 
induction motors while regenerating actual power take wattless 
current from the line, unless power factor compensating means 
are used; in other words, they increase the total wattless cur- 
rent and decrease the total watt current, which has, of course, a 
bad influence on the power factor. It should not be forgotten, 
however, in this connection, that the term ''power factor" is 
very apt to be misleading іп a case like this. Even if we assume, 
for instance, that the increase of wattless current as compared 
with the decrease of watt current is such that the total current 
remains unchanged, we have, of course, no saving in r. m. s. 
current drawn from the line, and also, a very much lower power 
factor. Nevertheless, we have reduced the actual power con- 
sumption, which in turn, means a saving in the coal pile of the 
power house. Moreover, it is a fact that the larger systems usu- 
ally have synchronous converters, phase advancers, or other 
means for taking care of the power factor, and a slight increase of 
this apparatus will usually take care of the additional wattless 
current introduced by regeneration. 

While the three-phase system (and its closely related single- 
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phase system with phase converters on the locomotive) is un- 
doubtedly the system best adapted for effecting the braking 
near synchronous speeds on down grades for the purpose of 
avoiding increased speeds, the possibilities for reducing the 
speed of a vehicle from its normal operating speed by regenera- 
tive braking are either very limited in scope with induction 
motors, or the equipments are, at present, at least, so cumbersome 
or complicated that their application іп practise does not seem 
to be very likely in the near future. 

If the vehicle is arranged so that two or more economical 
operating speeds may be obtained either by employing two- 
speed induction motors or by connecting motors in cascade, or 
both, it is possible to effect regenerative braking in bringing 
the vehicle speed from the higher speeds down to near the lowest 
synchronous or economicaloperating speeds. This can be accom- 
plished by connecting the motors for one of the lower operating 
speeds and properly manipulating the resistance in the secondary. 
If done manually, this requires a certain amount of skill on the 
part of the operator, and if done automatically it means, of 
course, complication. It has also been observed that under 
certain conditions such operation 1s liable to cause over-voltages 
in the motor secondary. For these reasons, regenerative braking 
has not been utilized to a very great extent for this purpose. 

Regenerative braking with induction motors over a wide 
range of speeds and down to zero speed may be accomplished 
by applying a so-called regulating commutating machine, work- 
ing in conjunction with the secondary of the induction motor. 
Such а machine is, however, with the present known systems, 
so large, and, on account of many commutator brushes, subject 
to such hight maintenance cost that its use would, to a large 
extent, counterbalance the additional saving made possible 
by braking at lower speeds. It is, however, not at all impossible 
that as the art advances, developments along this line may 
make regenerative braking below synchronous speed feasible in 
practise. Whenever this 1$ the case, the present speed limitations 
of the induction motor would at the same time be eliminated, 
or minimized, and acceleration without rheostatic losses, with 
attendant saving in power, would be made possible at the same 
time. 

PHASE CONVERTER SYSTEM 

The conditions prevailing with a phase converter system 

employing a single-phase line, a phase converter locomotive 
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and induction motors for propelling, are, with regard to re- 
generative braking, practically the same as with the three-phase 
system. "This means that regenerative braking on down grades 
can be accomplished with the same ease and safety and without 
requiring complications of any practical importance, while the 
use of regeneration for retardation is at present either limited 
in scope or complicated. 

The only slight differences between the phase converter sys- 
tem and the polyphase system are: | 

1. The system employs on the vehicle a rotary converting 
device, which, if of the synchronous type, requires for its pro- 
tection a standard over-speed relay. 

2. The use of regenerative control introduces an increased 
tendency towards unbalancing of the three phases of the conver- 
ter system, and may require a small extension of the balancing 
devices—that is, possibly an extra position of the balancing 
controllever and one or two extra switches. Тһе safety of opera- 
tion is, however, in no way impaired by this because, even if 
the balancing switch is not operated correctly, the motors will 
perform properly and the only result will be an increase in motor 
heating. 

3. Since the vehicle, if equipped with а synchronous phase 
converter, going down grade represents in itself an independent 
generator station, this must be taken into account when laying 
out the overload and short-circuit protection of the system. 

In view of the simplicity of the system, it was only natural that 
regenerative control was utilized as soon as the phase converter 
system was applied in practise; in fact, the ease with which regen- 
eration can be used in combination with a converter system was one 
of the factors in favor of the adoption of this system for the Nor- 
folk and Western Railway. The practical value to the railway 
company of the regenerative characteristic in operating this 
mountain grade is far beyond expectations and has been a sur- 
prise to the railway operators. Тһе economies accomplished 
in power consumption, reduced wear of tires and brake shoes, 
etc., are very appreciable, and not only can the trains be handled 
much more easily and at higher average speeds down grade than 
with air brakes, but also the reliability of the system as a whole 
has been greatly improved by the regenerative feature. 


DiRECT-CURRENT SYSTEM 


The present-day direct-current railway motor lends itself 
less readily to regeneration than the polyphase induction motor. 
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The series motor, which has generally been introduced in rail- . 
way work on account of its superiority for propelling purposes 
over other types of direct-current motors, cannot as such be 
readily used as а generator under railway conditions. While 
it is true that a series motor can be made to act as a generator, 
if its fields are reversed, it is very unstable. In order to make 
а series motor regenerate, it would first have to be connected 
across a resistance to make it pick up and after its voltage has 
reached a value higher than the line voltage, it could be con- 
nected to the line and made to furnish regenerated current. 
Assuming, however, that the line voltage suddenly drops, as is 
common in railway practise, the regenerated current would, of 
course, increase; this, in turn, would increase the field strength, 
which would again tend to increase the regenerated current. 
This cumulative effect would quickly and frequently lead to 
excessive overloads on the entire equipment. Assuming, on 
the other hand, that the line voltage suddenly rises after the 
motor has started to regenerate, this will bring about a decrease 
in regenerated current. This, in turn, decreases the field excita- 
tion and produces consequent further decrease in current down 
to zero; further, since the field and counter-voltage would be 
Zero with zero current, excessive currents in the opposite 
direction would build up, which are liable to exceed the most 
Severe short circuits, because after the current once reverses, 
the motor sets up a field and a voltage adding to that of the line. 
The processes just described happen so quickly, on account of 
their accumulative nature, that it is practically impossible to 
build relays or other safeguarding devices which act rapidly 
enough to be effective. 

In order to effect regenerative control with direct current it 
15, therefore, necessary either to apply altogether straight vehicle 
Shunt or compound motors, which would mean giving up many 
of the essential advantages of the direct-current series motors for 
railway purposes, or to convert the series motor temporarily into 
a machine of different characteristics while regenerating. 

since the field coils of а series motor are wound with only a 
few heavy turns, they cannot very readily be connected as shunt 
coils across the line voltage, and it would be necessary, in order 
to obtain shunt excitation, to connect considerable resistance in 
Series with the field. This resistance would consume a very 
large part of the regenerated energy, with little or no consequent 
saving in energy. These conditions can be somewhat improved 
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where several motors are available by connecting all motor 
fields in series and the armatures in parallel, but even then, only 
a relatively small part of the regenerated energy remains to be 
sent into the line. Such a system will, therefore, only be applied 
in exceptional cases where power consumption is of relatively 
small importance and the principal purpose is to effect electro- 
dynamic braking with the least amount of complication, in 
order to secure advantages other than power economy. 

А system of that kind is quite safe and reliable in operation. 
А sudden change in line voltage will tend to change the regener- 
ated current, but such a change is counterbalanced by the fact 
that the excitation changes at the same time and causes a change 
in the counter e. m. f. which reduces the change in regenerated 
current. This process is fairly quick-acting because the time 
element of the field current is rather small on account of the large 
amount of resistance connected in series with inductance of the 
field. Excessive regenerated currents are thereby avoided 
automatically. Only when the motors are highly saturated an 
increase of field strength is, of course, not possible, and larger 
regenerative currents may then occur. In view of the small 
field of practical application for this system, a detail discussion 
of it may be omitted. | 

Since generators of the straight series, shunt or compound 
type cannot be readily made out of the standard up-to-date 
railway motor and used to good advantage, motors with separate 
excitation are the next and most promising possibility for suc- 
cessful regeneration, although the addition of a separate source 
of current for the excitation introduces an undesirable compli- 
cation. 

The various connections, methods of excitation and conse- 
quent characteristics of the generators which are possible in 
connection with separate excitation are very numerous.  There- 
fore only a few typical cases can be described in this paper. 
Before doing this, some of the more important problems to be 
met in connection with the separate exciter method of regenera- 
tion may be discussed. 

First. One of the principal conditions to be met in connection 
with direct-current generation is,as previously intimated,to avoid 
excessive armature currents, especially at higher speeds. While 
with any type of motor excessive overloads are undesirable 
for any length of time, it is a fact that overloads of short duration 
are not so very dangerous in connection with induction motors, 
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for instance, because the mechanical parts of freight locomotives 
on which induction motors are being used are in most cases 
designed to stand stresses up to the slipping point of the wheel 
and the wheel slippage acts as a mechanical fuse against much 
higher stresses; on the other hand, overloads of very short dura- 
tion are not very serious from a heating point of view. With 
direct-current motors running as generators, high armature 
currents, even though of very short duration, introduce an addi- 
tional difficulty because they are liable to lead to flashing of 
the motors. It is a well-known fact that flashing of motors 
is caused by high voltages between the commutator segments. 
The voltage between segments, in turn, depends upon a great 
many details of design, but the maximum voltage is largely 
determined by the armature distortion. With a series motor, 
in which the field strength and the armature current are always 
proportional to each other, the armature distortion as a rule 
does not increase, under normal conditions of operation, with 
increased load, and has often even a tendency to decrease with 
heavy loads, on account of saturation. With a separately excited 
generator, conditions are altogether different. When running 
at very high speeds with a fixed motor voltage, for instance, 
the field strength must be, by necessity, very low. This is evi- 
dent because the voltage induced must be about the same as the 
impressed voltage, and since the induced voltage is the product 
of speed and field strength, high speed means, necessarily, low 
field strength. 

Since, on the other hand, the braking torque which the genera- 
tor can exert is proportional to the product of armature current 
and field strength, it is evident that at high speeds and conse- 
quent weak field, relatively large armature currents are required 
in order to exert an appreciable braking torque under normal 
Operating conditions. This will in itself tend to increase the 
armature field distortion materially. This latter condition is, 
of course, only brought about by the fact that the present-day 
requirements for retardation are more exacting than for motoring. 
During motoring it is customary to have a certain maximum 
rate of acceleration until the motor curve is reached and to toler- 
ate thereafter a decreasing rate of acceleration which is naturally 
obtained while the motor field, and with it the armature current, 
decreases and while the speed increases. In certain cases, it 
may be quite possible to follow the reverse process during braking, 
that is, start in with small field current and smaller armature 
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current and consequent slow rate of retardation, and increase 
all the values while the speed decreases. Insofar, however, 
as the mechanical brakes used at present are able to exert the 
maximum permissible braking torque at the higher speeds, 
which, in turn, permits higher schedule speeds with the same 
maximum speeds, regenerative braking will not be able to 
compete unless at least similar conditions can be obtained. 

Therefore, it will be necessary in most cases to work with rela- 
— tively large armature current, unless provision is made to change 
the motor voltage during regeneration, thereby permitting the 
use of stronger fields at high speeds. This solution of the problem 
could be accomplished in two ways: first, the regenerative 
voltage could be raised above the line voltage by some means 
or other, as will be discussed later on and shown to be rather 
undesirable; second, arrangements could be made to keep the 
voltage during motoring below the line voltage and regenerate at 
full line voltage. This could be accomplished by designing the 
motors to stand full line voltage but to operate, while motoring, 
with two motors connected in series, with one-half the voltage 
in each motor. Under special conditions with special motor 
designs, such a solution may be quite feasible. As a rule, it 
would be more desirable, however, to use standard motors 
even though this means the use of heavy armature currents 
for high speeds, and with it, large field distortion. It is fortunate 
in this connection that this undesirable feature and its conse- 
quent danger are to a large extent eliminated by the fact that 
when regenerating, the distortions are such that the highest 
voltages between segments occur at a point a considerable 
distance away from the toe of the brushes, so that an arc is not 
as liable to be drawn over from the brush as would be the case 
if the highest voltages were near the toe of the brush under other- 
wise equal conditions. It is, therefore, permissible to work 
with considerably higher maximum voltages and, therefore, 
greater distortion when regenerating. Practical conditions are 
nevertheless such that, in view of the high field distortions 
necessary for normal operation, further increases on account of 
sudden rises of regenerative currents in the armature are very 
liable to lead to flashing. 

There are two principal causes for sudden increases of regenera- 
ted current. 

(a) The first of them is the taking of steps in the control. 
If, for instance, the field excitation should be suddenly raised 
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by a large amount, the regenerated currents would take undue 
proportions. This, of course, can be avoided by making the 
control steps small enough by providing a sufficiently large num- 
ber of them. In order to avoid the expense and complication 
incident to a large number of steps, it is desirable to have a 
regenerative machine characteristic which avoids large changes 
of regenerative current even though the number of steps is small. 

(b) The second and much more important cause of sudden 
changes in regenerative current is as previously pointed out in 
connection with the discussion of the series generator, sudden 
changes in the line voltage. While it is not altogether impossible 
to prevent sudden increases of load due to this cause by having 
quick acting relays, causing changes in the excitation of the 
generators to take care of the changed conditions, it is at least 
very difficult with some systems to get such relay devices and 
switching operations quick and reliable enough to avoid flash- 
ing. For this reason, it is very desirable, and for a reliable 
System even necessary, to have such regenerative characteristics 
as inherently to avoid excessive armature currents. Іп this 
connection it is not only necessary to have such an inherent 
characteristic, but it is also important that the time element 
for effecting changes in the generator conditions be exceedingly 
small. 

Second. Another feature to be considered in connection with 
regenerative control is the ease with which the motor can be 
connected to the line after it has been disconnected and when 
regenerative control is desirable. In order to make such connec- 
tions with some types of separately excited motors, it is neces- 
загу to have the regenerative voltage about equal to the line 
voltage before such connection can be made. Аз a matter of 
Course, it is impossible to follow, in operating a vehicle, the 
power house practise of balancing the voltages by means of a 
voltmeter before connecting the generators to the line. There- 
fore, automatic means have to be provided for this purpose. 
Such automatic means, in turn, require relays which have to 
be very exact unless the system used is inherently such as not 
to require a very careful balancing of the voltages before the 
Connections are made. This point is quite important in the 
Choice of the proper system. 

Third. Another point of importance in connection with re- 
generation is that the regenerative load be properly distributed 
among the various motors of the vehicle. It is evident, for 
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instance, that a slight difference in the air gap of the motors 
or a difference in the wheel diameters will cause a very uneven 
distribution of load if the armatures of several motors were 
to be simply connected in parallel. А good system of regenera- 
tion, therefore, has to have means of balancing the load fairly 
well between the various motors under practical conditions. 
While such balancing may of course be effected by relays which 
operate regulating switching devices, it is again preferable to 
have a system in which the load balancing effect is, at least 
to some extent, inherently given by the generator characteristics. 

Fourth. Another condition to be fulfilled 15 that the braking 
effect of the vehicle shall not materially decrease with increased 
vehicle speed, or materially increase with decreased speed, at 
least not so suddenly that the relays of the automatic control, 
or the operator in case of manual control, cannot follow such 
changes quickly enough. Sudden large changes of braking torque 
should also be avoided in case of changes in the line voltage 
conditions. 

Let us assume, for instance, that the speed of a train is to be 
reduced by regeneration, and a certain maximum permissible 
braking torque has been established. If it happens in this case 
that the braking torque suddenly increases, either on account 
of changed line conditions or the generator having a character- 
istic so that the torque increases while the speed decreases, 
this will lead either to slippage of the wheels or to an undue 
rate of retardation resulting in bumping of cars, inconvenience 
to passengers, etc., all of which should be avoided. 

Another case to be considered in this connection is that of a 
heavy train going down-hill. Let us assume that such a train 
gets on a steeper grade and consequently speeds up to some 
extent. If in this case the generator characteristics should be 
such as to give a decreased torque with increased speed, the 
train speed may increase unduly on account of the combined 
effect of the increased grade and the decreased torque before 
the engineer has a chance to readjust the control or the air brakes, 
or both. 

Unfortunately, the condition that the braking torque should 
preferably decrease with decreased speed, and vice versa, can- 
not be combined with a machine characteristic best suited to 
avoid armature distortion and motor flashing. 

The ideal characteristic for avoiding motor flashing is one 
with which the ratio of armature ampere-turns to the field 
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ampere-turns remains constant with changes in speed. Such 
a characteristic can be approached in practise, as will be shown 
later on, and is represented by curve A in Fig. 3a. It will be 
seen that this curve is shown as a straight vertical line down to 
a certain point. 

The armature current curve corresponding to curve А is 
shown by curve B. It will be seen that the upper part'of this 
curve shows a rapidly decreasing armature current with increased 
speed. "This is due to the fact that, as previously pointed out, 
the field strength has to decrease with increased speed, which 
in turn means that the field ampere-turns have to be decreased. 
With our present assumption, this means that the armature 
current must also decrease with increased speed. 

Curve C shows the torque obtained under the same conditions. 
Since the torque is the product of field strength and armature 
current, both of which decrease with the speed in the present 
case, it is evident that this curve must decrease very rapidly 
with increased speed, except on the part of it which is turned 
around by the effect of saturation. Fig. ЗА demonstrates very 
plainly that the characteristic which is ideal for flashing condi- 
tions is highly undesirable, for the reasons previously pointed out, 
in connection with the most desirable torque characteristics. 

The next best possible characteristic for flashing which might 
be considered is one with which the armature current remains 
practically constant over a wide range of speed, as shown by 
curve B in Fig. Зв. Curve A in the same figure shows the corres- 
ponding curve for the ratio of armature turns to field ampere- 
turns. 

Curve C shows the corresponding torque curve, which still 
Shows a considerable tendency for decreased torque with in- 
creased speed. It is evident that such tendency must exist 
Since, as we know, the field strength must decrease with in- 
creased. speed, which, with constant armature current, means 
also decreased torque. 

The extreme opposite to the characteristic assumed in Fig. ЗА 
is shown by Fig. 3c. Тһе torque curve C shows a very rapid 
increase of torque with increased speed. Such a torque curve 
affords maximum safety for the vehicle when going down-hill, 
because any tendency towards increased speed will be counter- 
acted by a rapidly increasing braking torque. For retardation 
of the vehicle, such а curve would, of course, require а very 
large number of small steps in the control in order to avoid 
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excessive variations in the braking torque when going from one 
step to another. 

Curve B shows the corresponding armature current curve and 
curve A the corresponding curve for the ratio of ampere-turns. It 
will be seen that the latter curve shows an excessive increase 
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with increased speed and is very undesirable with regard to 
flashing. 

The natural conclusion to be drawn from the previous figures 
is that in practise a compromise between these extremes is the 
only workable solution. Fig. 3p shows characteristics for the 
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ratio of ampere-turns, current and torque which will be suitable 
for the average conditions in practise. Тһе steepness of the 
current curve will, of course, vary, depending upon the service 
conditions, the inherent sensitiveness of the motor to flashing 
and a number of other considerations. As a rule it will be desir- 
able to have the curve somewhat steeper for the higher speed 
notches than for the lower speed notches. It has been pointed 
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Out before, that in order to obtain an appreciable torque with 
the weak field necessary for the higher speeds, large armature 
Currents and high ratios of armature to field ampere-turns are 
hecessary; therefore, it is in this case especially desirable to have 
a steep current curve, avoiding further increase of armature 
Current. With low speeds, on the other hand, we have, by ne- 
Cessity, strong fields and weak armature currents for similar 
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torques, and, therefore, a favorable ratio of armature to field 
ampere-turns. А certain increase of armature current is, there- | 
fore, permissible and a rather flat current curve may be 
chosen. 

While the curves of Fig. 3 show the characteristics with regard 
to the speed, it will be found that the same conclusions will be 
reached if current changes caused by fluctuations in line voltage 
are taken into consideration. The requirements for a satisfactory 
speed-torque curve will also in these cases limit the use of 
the most desirable characteristic for avoiding overloads and 
flashing. 

A characteristic showing gradually decreasing torque with 
decreasing speed should also prove to be rather advantageous 
whereitis necessary in the case of exceptionally heavy trains to 
operate air brakes in conjunction with the regenerative braking. 
If, for instance, the air brakes are put on rather heavily, the 
train speed will decrease because the air brakes are exerting 
a heavy retarding force. If the motor characteristic is such as 
to give a decreased torque at the same time, the total increase 
of torque is counteracted and further decrease in speed will 
be prevented. Тһе opposite action will take place and it 1s even 
more important when the air brakes release а certain amount. 
If the vehicle speeds up in this case, the inherently increasing 
regenerative torque will prevent further increases of speed. 
It is evident, therefore, that a compound characteristic, as pre- 
viously discussed in the case of the main generators, will permit 
operation at a more uniform speed, even when using regenerative 
braking in conjunction with the air brakes, than would be possible 
with air brakes alone. 

Fifth. Still another point to be considered іп connection with 
the various systems is the danger of over-voltages on the motors | 
in case the power supply should be interrupted for some reason 
or other. Тһе natural tendency with most systems fulfilling 
the previous requirements 1$, in case of power interruption, for 
the voltage of the generators, being no longer limited by the line 
voltage, to rise until saturation is reached. 

Since railway motors when operating at high speeds as genera- 
tors are always far from being saturated, it is quite possible to 
obtain voltage rises of two or three times normal voltage. It 
is evident that such over-voltages are likely to lead to flashing 
and even insulation breakdowns. While these over-voltages 
can, of course, be taken care of by relays causing an interruption 
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of circuits or the like, the inherent characteristics of the system 
should be such as to introduce a time element sufficient to allow 
over-voltage relays to act before the over-voltage becomes 
excessive and dangerous. 

Unfortunately, it is also a fact that those systems which are 
the quickest to act in avoiding excessive armature currents 
are usually the ones which are most liable to set up over-voltages 
quickly in case of power interruption when running at high 
speeds. Itis, therefore, again necessary to strike the best compro- 
mise. | 

Sixth. It is finally necessary in connection with regenerative 
control to pay much attention to the proper characteristics of 
the auxiliary exciting apparatus, in order to have the system 
free from troubles. Тһе principal danger in this connection is 
that the auxiliary exciter set, especially the driving part, is 
subject to flash-overs unless proper precautions are taken in 
that direction. 

With these considerations in mind, we may now discuss 
the principal possible characteristics of the source used for the 
Separate excitation and the consequent characteristics of the 
main generators. When referring in this connection to the char- 
acteristic of the source of excitation, etc., the inherent character- 
Istic is meant, it being assumed in all cases that variations of 
excitation can be, and are, accomplished by changes in the cir- 
cuit connections, changing of resistances, etc. Тһе following 
cases for the main field exciting voltage may be considered: 


1. The excitation is of practically constant voltage. 

2. 'The excitation voltage varies with the line voltage, either 
in direct proportion or in some other ratio. 

9. The excitation voltage decreases with an increase of re- 
generative load. 

4. The excitation voltage changes with both the line voltage 
and the regenerative load. A number of different combinations 
are, of course, possible. 


The undesirability of an increase of field excitation with 
increased regenerative current has been pointed out in connection 
With the series generator. Ап inherent increase of excitation 
Voltage with decreased line voltage is undesirable, because a 
decreasing line voltage inherently means increased regenerative 
load and this load would of course be further increased, were 
the excitation raised at the same time. 
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Differential field winding on exciter machine. 

Differential field winding on motor driving exciter 
machine. 

Field winding of motor driving exciter machine. 

Armature of motor driving exciter machine. 

Armature of machine driving booster or driven by 
the booster. 

Shunt field of booster machine. 

Shunt field of machine driving booster or driven 
by the booster. 

Series field of machine driving booster or driven 
by the booster. 

Resistances. 

Series field of booster. 

Switches. 

Trolley. | 

Main transformer winding. 

Auxilary transformer winding. 

Auxiliary shunt field on exciter machine. 

Auxiliary shunt field on booster. 

Cross field of main machine. 

Cross field of exciter machine. 

Reverser. 

Working brushes of main machine. 

Exciter brushes of main machine. 

constant excitation, as obtained, for instance, with 


a battery (see Fig. 4), does not give very desirable character- 
istics with regard to limiting the armature currents. If, for 
instance, the line voltage drops suddenly, the regenerative volt- 
tage wil be much in excess of the line voltage and the only 
thing inherently counteracting excessive currents is the small 
resistance in the circuit and possibly a slight voltage reduction 


1917] HELLMUND: REGENERATIVE BRAKING 27 


in the generator due to the increased armature field distortion. 
This, however, is not atall sufficient with the large voltage 
variations common to railway work. Fig. 6 shows test curves, 
taken on a standard medium size railway motor, clearly demon- 
strating this point. It will be seen that with a voltage drop ef 
only about 10 per cent, the regenerative current increases 


Fic. 4 Fic. 5 


100 per cent or more, depending upon the load, and the ratio | 
of armature to field current goes up practically in the same 
ratio. Conditions can of course be improved by introducing a 
resistance into the circuit. 

The only other way in which this shortcoming of the system 
with constant voltage excitation can be taken care of is by the 
use of quick-acting controling devices. The system shown in 
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Fig. 5 was developed along such lines some years ago and gave 
quite satisfactory results during an extended testing period. 
The motor fields were reversed in this case so that the regen- 
erative current assisted in magnetizing the field, while the bat- 
tery E took only the difference between the regenerative current 
and the exciting current. Тһе regulation of the system was 
accomplished by a controller device C, varying part of the resist- 
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ance R. In addition to this, a quick-acting relay D opened the 
switch S; automatically every time the armature current ex- 
ceeded a certain value, introducing temporarily a part of the 
resistance into the field circuit. Тһе operation of this relay 
arid switch was found to be somewhat like that of a Tirrill regu- 
lator insofar as it very frequently opened and closed the switch 
Si, the time of opening usually being only long enough to give 
the field current a start in the right direction when the armature 
current exceeded desirable values. 

The flat speed characteristic of a system of this kind requires, 
of course, a relatively large number of notches in the control 
in order to avoid excessive changes of current and torque while 
notching up, as is evident from Fig. 7. The necessity for many 
steps is, however, somewhat reduced by the self-inductive and 
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REGENERATION - ххэ 
Fic. 7— CONSTANT VOLTS 


damping effect of the main motor field, which introduces a time 
element making the change of the field strength fairly slow, so 
that the vehicle has a chance to retard somewhat before the 
new field condition caused by taking a notch in the control has 
been fully established. This will limit somewhat the current 
peaks. With the system of Fig. 5, the operation of the relay 
D and the switch S, will also oppose any excessive current peaks 
during the notching up. 

The systems with inherently constant excitation require, of 
course, fairly close adjustment of voltages before the generator 
can be connected to the line. Certain limited inaccuracies can 
be taken care of by the system of Fig. 5 if arrangements are made 
so that the generator voltage is always larger than the line 
voltage before the circuit is closed. If then the generator 
voltage is somewhat too large, tending to give excessive regen- 
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erated currents, the operation of the relay D and the switch Sı 
will tend to keep the currents down. 

Proper distribution of load between the various motors can, 
of course, only be taken care of in a system of this kind by 
individually controlling each motor by means of separate con- 
trolhng resistances and controlling devices, there being no in- 
herent tendency for balancing the loads. 

А system with constarit excitation possesses, on the other hand, 
quite desirable characteristics with regard to some of the other 
considerations. Any tendency towards increased speed of the 
vehicle is at once counteracted by a very large increase of torque. 
Over-voltages can be obtained only after the vehicle speed has 
increased, and since this requires a certain amount of time, 
over-voltage relays will have plenty of time to act; as a matter 
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of fact, this systemis one of the safest with regard to over- 
voltages. The use of a battery as a source of excitation fs, 
although fairly satisfactory, not very desirable, in view of the 
care and maintenance always incident to a battery. 

A system in which the excitation voltage varies in proportion 
to the line voltage is shown in Fig. 9. A dynamotor merely 
serves as a transformer for reducing the line voltage to a voltage 
suitable for the excitation of the motor fields. Therefore this 
system acts in many respects identically with one having a 
straight shunt generator. Any increase of line voltage is fol- 
lowed by a proportional increase of excitation voltage. Such 
an action is ideal, assuming that the change in field follows that 
of the line voltage quickly enough, and assuming further that 
the changes in field flux are proportional to the changes in field 
voltage. 
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These latter conditions are fairly well taken care of in the sys- 
tem of Fig. 9, as long as the main motors are not saturated, and 
assuming that the dynamotor field flux responds quickly to the 
changes of its field current. Тһе latter requirement can easily 
be fulfilled by exciting the dynamotor with a series field only, 
as shown, avoiding thereby the damping effect of shunt-connected 
windings, and by making the dynamotor field core laminated, 
thereby avoiding the damping effects of a solid core. 

If the line voltage, under these assumptions, drops suddenly, 
the counter e.m.f. in the dynamotor will at first be larger than 
the line voltage. "Therefore, the current taken by the dyna- 
motor, and with it the dynamotor field current, will quickly 
decrease. Since the laminated field will follow the change of 
its field current, the voltage induced in the secondary armature 
winding of the dynamotor will quickly readjust itself to be ` 
proportional to the line voltage. Although the inductive and 
damping effects of the main genera- 
tor fields introduce a certain time 
element, very excessive increases of 
regenerative currents will be inher- 
ently avoided when running at higher 
speeds. For lower speeds for which 
the main generators may be sat- | 
urated, their fields of course change Fic. 9 
less than proportionally to a change 
of field voltage and current. In these cases the field is, however, 
very strong and undue field distortion will not take place, even 
though the armature currents may assume rather large propor- 
tions, until the control can be readjusted by relays or otherwise. 
The effect of changing line voltage with this system is shown by 
the curves in Fig. 10. | 

While, for the above reasons, this system is very satisfactory 
for taking care of variations in line voltage, it is less so- with 
regard to the steps of the control, the speed-current and speed- 
torque characteristics being essentially those of a shunt machine, 
so that in this respect the same conditions apply as in the System 
of Fig. 5 and as demonstrated in Fig. 7. 

Another handicap of this system is that when the motors are 
connected to the line, excessive currents are liable to be set up 
unless the voltage balances rather exactly or unless other pre- 
cautionary steps, like a temporary introduction of a resistance 
into the circuit, are taken. 
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Proper distribution of the load is not obtained inherently 
with this system and has to be taken care of by separate regula- 
ting rheostats or the like for each generator. The system is, 
on the other hand, very satisfactory with regard to the safety 
of the train, because any tendency towards change in speed 
materially increases the torque counteracting such change. 

Over-voltages are set up rather quickly with this system on 
account of the fact that the voltage changes of the dynamotor 
are very quick-acting. The operation of the dynamotor itself 
is rather safe in this case, since it is of the pure series type, 
which makes it not very sensitive to flashing. 

Тһе system just described is, as previously mentioned, some- 
what subject to instantaneous current changes, when the line 
voltage changes. While, as pointed out, the secondary dyna- 
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Curve A = Field saturated. 
B = Field unsaturated. 


motor voltage follows the line voltage very quickly, the self- 
inductive and the damping effect of the main motor fields will pre- 
vent the main motor field flux from quickly following the field volt- 
age. Toimprove this condition it is desirable to change temporar- 
ily the secondary voltage of the dynamotor, and with it the field 
voltage, a greater amount than required for the change in flux, 
in order to effect the quickest change of the field of the main 
generator. This can be accomplished by connection as shown 
in Fig. 11. In this case the exciter armature E of a motor- 
generator set is excited partly, or entirely, by the motor current 
of the set, while the motor itself is shunt-excited. Assuming 
in this case a sudden voltage drop, the damping effect of the 
shunt field of the small motor will prevent any sudden change 
of the field strength, while on the other hand the mechanical 
inertia of the set prevents any immediate change of the speed. 
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Therefore, the counter e.m.f. of the small motor armature M 
remains unchanged and will be larger than the suddenly reduced 
line voltage. This will tend to diminish quickly or even reverse 
the current in the armature M and therefore also the current in 
the field H of the little generator. This in turn brings about 
a material reduction in the voltage of the little generator arma- 
ture E, tending to reduce temporarily the main generator field. 
appreciably. Before this current has, however, changed to the 
full extent and past desirable limits the voltage drop of the little 
generator, the speed of the little set and its field will adjust 
themselves to the proper condition. 

This system is, therefore, very well adapted to take care of 
even the quickest changes in line voltage. In other respects, 
the system is very similar to the one previously described, 
except that the motor of the motor-generator set, being shunt- 
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excited, is subject to flash-overs, so that neutralizing windings 
or other special features may be required. 

Since none of the previous systems is satisfactory 1n all respects, 
a system with negative compound characteristic during the regen- 
eration period, as shown in Fig. 12, may now be considered. 
This system also includes а small motor-generator set, the 
generator Е of which 1s, however, provided with a field winding 
J carrying the regenerative current and opposing the other 
field winding H. "This general principle of providing the exciter 
with a field carrying the regenerative current in a demagnetizing 
direction is applied to the locomotives of the Chicago, Milwaukee 
and St. Paul Railway. If, with the system of Fig. 12, the 
regenerative current tends to increase, no matter whether on 
account of voltage drop on the line, or on account of changes 
in the control, the increase will cause a decrease in the voltage 
of the little generator, causing a consequent decrease of the main 

generator field which counteracts any further increase of regen- 
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erative. current. The same feature will also be of assistance 
when connecting the generator to the line; even if it happens 
in this case that the generator voltage is quite an appreciable 
amount above the line voltage, excessive currents cannot exist 
any length of time because, as they tend to set up, they will 
decrease the main field excitation and reduce the regenerated 
voltage. The system may be provided with but few steps in 
the control, because it has a negative compound characteristic 
with curves bent up in such a way that in going from one step 
to the other in the control the increase of regenerated current 
is not very large, even though there are only a few control 
Steps and a few curves, as demonstrated by Fig. 8. It will be 
seen from Fig. 12 that this system also changes the excitation 
with the line voltage, as was the case in Fig. 9, and this feature 
will of course assist іп keeping overloads down in case of a change 
in line voltage, along lines previously discussed. 

This system, while counteracting undue increases of regen- 
erative current, is handicapped in so far as there 15 a certain 
time element between the increase of the regenerated current, 
the subsequent decrease of the small generator field and the 
decrease іп field current following thereafter. 

This in turn means that short-time overload surges of the 
armature current are possible until the main field conditions 
have adjusted themselves, and unless the design of the main 
motor is such as to be inherently very safe against flashing, 
flashes are likely to occur. When applied to several motors, 
the system is further handicapped by the fact that 1% is either 
necessary to supply a separate exciter for each motor, or, in 
order to distribute the load properly between the different 
motors with a common exciter, special load balancing devices 
have to be used. | 

It is evident that with this system any desired speed-torque 
curve characteristic that will best suit the particular service 
conditions may be obtained. 

While the system is liable to give over-voltages, due to the 
fact that, upon interruption of power supply, the regenerated 
current in the field J will disappear, permitting the exciting 
voltage to increase, the previously mentioned time element 
will permit over-voltage relays to disconnect the motor circuits 
before the over-voltages are excessive. 

The auxiliary machines of the system shown in Fig. 12, 
especially the motor, being of the shunt type, are not very 
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desirable, but could, of course be improved by substituting a 
highly saturated series motor or by making other suitable changes. 

Some of the disadvantages of the previous system may be 
overcome by a system as shown in Fig. 13. In this case it is 
possible to use a: common exciter to good advantage because 
each motor is self-compounding individually, and in case any 
of the motors should take more than ‘its share of the load, it 
wil automatically decrease its own field strength, which, in 
turn, counteracts any further increase of load. In order to obtain 
this effect the upper field portions which carry the regenerated 
armature current are arranged to counteract the lower portions 
of the field, which are separately excited. 

The regulation of the system is accomplished by controller 
contacts C, eliminating more or less of the exciter series field 
turns. The operation of the auxiliary machines, which аге of 
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the series type, should be satisfactory. Оп the other hand, 
over-voltages are liable to be established very quickly on account 
of the small time element previously mentioned. 

One disadvantage of this system is that it requires a special 
motor with a two-part field winding. In some exceptional cases 
it might happen that a standard field control motor could be 
used for this system, but as a rule the ratio of turns between 
the two parts of a standard field control motor is not well adapted 
for this system. Even with a special design for the motor fields, 
it is somewhat difficult to obtain the proper compound character- 
istic for all notches, unless several main field taps and attendant 
undesirable complications are introduced. Furthermore, the 
main motor fields, if of standard size, are liable to overheat, 
since the resultant field is the difference of rather heavy ampere- 
turns in the two opposing field sections. 

The system as shown in Fig. 14 fulfills practically all the re- 
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quirements previously enumerated. In this system, arrange- 
ments are made so that the sum of the regenerated cur.ent and 
the field excitation current of each main generator passes through 
a common resistance. The circuits are further arranged so that 
the voltage of this resistance subtracts from the exciter generator 
voltage to give the resultant voltage of the main generator 
fields. If we assume now that the line voltage suddenly drops, 
causing an increase in regenerated current, or that the latter 
increases for any other reason—as, for instance, changes in the 
control connections—it is evident that the current in the resis- 
tance also increases. This being the case, the voltage of the 
resistance increases also, and since the voltage of the small 
exciter is either constant or beginning to drop with the line 
voltage, it is evident that the main field voltage, being the dif- 
ference between the exciter and resistance voltage, must suddenly 
decrease and cause the field current, as well as the fie!d, to 
decrease. We have, therefore, a very quick readjustment and 
the desirable negative compound characteristc. It may be 
stated that in general a system giving each machine inherently 
and individually a negative compound characteristic wi hout 
too much of a time element is to be preferred over any of the 
other possibilities mentioned, because such a machine counter- · 
acts any undue increases of current no matter whether their 
cause is decreased line voltage, large step in control, faulty 
action of control or for any other reason. The desired compound 
effect and speed-torque characteristic can be varied to any de- 
sirable amount in this system by merely varying the resist- 
ances to suit conditions. The loss in the resistance is in any 
case small, since the voltage across the resistance 15 hardly ever 
more than the field voltage, that 1s, only a small percentage of 
the total voltage. 

This system is particularly advantageous with regard to con- 
necting the generators to the line. During some exper.mental 
tests, the generators were put on the line with the no-load 
voltage regulated to 100 per cent larger than the line voltage 
and the maximum currents obtained were well within permis- 
sible limits. The adjustment of relays, therefore, does not require 
any great degree of refinement. 

Since each motor has, as in the previous system, a separate 
compound effect, the system will tend to distribute the load 
evenly between the motors and 15 very satisfactory in this re- 
spect. 
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Over-voltages are taken care of by an over-voltage relay. 
In case of a loss of power supply, the regenerated voltage will, 
of course, rise a certain amount, because the regenerated current 
in the resistance becomes zero, thereby decreasing the voltage 
across the resistance and increasing the voltage across the 
main fields. А rapid cumulative voltage rise is, however, pre- 
vented because the inertia of the set prevents an instantaneous 
rise in speed of the motor-generator set and because a damping 
effect of any desirable amount may be introduced by damping 
windings on the field of the small generator that will prevent 
sudden rises of field strength, and therefore, a rise of generator 
voltage above the initial rise. Therefore, there is sufficient time 
for an over-voltage relay and the switches interrupting the exciter 
circuit to operate before the over-voltages have reached danger- 
ous proportions. 

The operation of the motor-generator set is safe and flashing 
avoided on account of the driving motor being of the pure 
series type. Over-speeding of the set, when running light, is 
avoided by driving the blower for the main motors by the shaft 
of the motor-generator set. The fact that the exciter set fur- 
nishes an easy means for driving a ventilating fan introduces 
a convenient possibility for adding forced ventilation to exist- 
ing equipments now operating without forced ventilation. The 
addition of the motor-generator set with a fan furnishes in such 
a case not only the necessary excitation, but also the additional 
ventilation for the main motors which usually is necessary to 
counteract the increased losses in the motors incident to the 
introduction of regeneration. 

Where service conditions make it desirable, the connections 
shown in Fig. 14 may also be used without any alteration during 
motoring, and give in this case a very convenient method of 
field control. The only difference is that in this case, the resis- 
tances carry the difference between the field exciting current 
and the motor load current. An increase in motor current will 
therefore, mean decreased current in the resistance, a decreased 
drop across the resistance, and increased field strength. In 
other words, we have a positive compound characteristic as 
desirable for motor operation. The system may also be arranged 
to use this compound characteristic up to a certain point and 
subsequently simply interrupt the resistance circuits by the 
switches S; and Sz, after which the motors will work as straight 
series motors, with the exciter armature Е merely acting as а 
small booster adding a few volts to the line voltage. 
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The advantage of using one and the same connection for both 
motoring and regeneration is that it gives exceedingly simple 
control, permitting at the same time field control during motor- 
ing. On the other hand, it has the disadvantage of requiring 
a somewhat larger exciter, since the latter is in operation a 
much greater part of the time. It may also, at present, at 
least, be advisable to select systems which operate the motors 
altogether independently of the features introduced by regen- 
eration, so that the failure of any of the regenerative parts 
does not in any way affect the reliability of the vehicle when 
motoring, and simply means that the air brakes have to be used 
temporarily. For this reason the system of Fig. 14 has so far 
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been applied only in combination with the standard motor 
connections. 

The system of Fig. 14 may, of course, be modified in a number 
of ways. The résistance R may, for instance, be replaced by 
а constant resistance, and the regulation may be accomplished 
by a resistance in series with the armature E (see Fig. 17). 
This will change the regenerative characteristic for the higher 
speeds as shown in Fig. 16, as compared with Fig. 15, which 
applies for the system of Fig. 14. Regulation may also be 
accomplished with a constant resistance R and means for regu- 
lating the strength of the field L (see Fig. 18). 

The system of Fig. 14 could, of course, be further improved 
by introducing some means for temporarily forcing the change 
in the main generator fields in order to shorten still more the 
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time element introduced by the self-induction damping effect 
of the main generator fields; while this time element is rather 
small in the system shown in Fig. 14, and is of no practical im- 
portance in most cases, it may in case of very sensitive motors 
be desirable to reduce it further. Тһе system of Fig. 17 shows 
one possible way of doing this. Тһе resistances R fulfill 
the same purpose as the resistance R in Fig. 14. The two 
resistances are so dimensioned in Fig. 17, however, that they 
in themselves would give a very steep compound curve, much 
steeper then desirable for the operation of the vehicle. This 
would mean that in case of any change in line voltage or other 
cause for increased regenerated currents, the resistances will 
bring about a material decrease of the main generator voltage, 
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and, therefore, a quick decrease of the main generator fields. 
The materially reduced field voltage will not, however, continue 
to exist because the field K on the motor of the exciter set 
carries the regenerated current and opposes the field L. An 
increase of regenerated current will, therefore, reduce the total 
field and cause the set to speed up, thereby increasing the 
voltage of the exciter armature E. This increase counteracts 
the decrease in field voltage brought about by the resistances 
R. On account of the inertia of the little set, however, it 
cannot speed up instantaneously, and therefore, there is а 
certain time element introduced in the counteracting effect. 
The combined effect of the resistances R and the field K may 
be arranged to give a fairly flat current curve and yet sudden 
increases of regenerative current are prevented because of the 
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smaller time element in the effect of the resistance R and the 
large time element in the effect of the field K. 

А rather interesting case is shown in Fig. 18. The driving motor 
of the exciter set is shunt-excited and, therefore, essentially 
constant speed. Тһе exciter armature is series-excited and its 
voltage will, therefore, increase materially with increased load, 
and vice versa. If we assume now, for instance, a sudden іп- 
crease of regenerated current, the field voltage of the main 
generators will be decreased on account of the increased voltage 
drop across the resistances №, and А. This will mean that the 
current in the field H also decreases and with it the voltage of 
the armature E, which in turn tends further to decrease the 
current of the main field. It can be shown mathematically 
that it 15 possible, in this case, to obtain a characteristic with 
constant ratio of main field current to armature current, as 
shown in Fig. 34. While, as pointed out in connection with 


Fig. ЗА, such a curve is аз a rule not desirable, there may be 
cases of motors exceptionally sensitive with regard to flashing 
Where such a characteristic would make regeneration possible. 

All systems as shown so far are, of course, limited to a certain 
range of speed over which regeneration can be accomplished. 
The maximum possible speeds are usually only limited by the 
maximum operating speed, of the vehicle but the minimum 
Speeds are given by the maximum possible saturation of the 
motors. It is evident that regeneration cannot be effected 
unless the generated voltage is slightly higher than the line 
voltage. If, therefore, the speed is such that even with fully 
Saturated main fields, a voltage above the line voltage cannot 
be induced, regeneration will be impossible. Since most standard 
railway motors are fairly well saturated at the hour rating, it 
Is, therefore, usually not possible to effect regeneration for speeds 
much below the standard hour rating speed. 
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The range of regeneration below this speed can only be ex- 
tended by reducing the voltage across each motor. This can 
be accomplished in the same manner as during acceleration, 
by series-parallel control, or still further, by parallel, series 
parallel and series control. 

The fundamental principles illustrated in Fig. 14 have been 
very successfully applied to series-parallel control during regen- 
eration, whereby the range for regeneration has been extended 
from the maximum speed down to about 35 to 40 per cent of 
the hour rating speed. This range is fully sufficient to cover 
all desirable operating speeds оп down-grade in most known 
applications. In braking, for the purpose of reducing the ve- 
hicle speed, this range permits the regeneration of as much as 
85 to 95 per cent of the stored energy which can be regained 
by regeneration, leaving only a very small percentage to be 
handled by the air brakes. 

The control of the series parallel system referred to 1$ arranged 
so that parallel connections are obtained automatically for all 
speeds for which regeneration in parallel connection is possible. 
For speeds below this, permitting regeneration in series connec- 
tions, series connections are at once established automatically. 
Further arrangements are made for very low speeds which do not 
permit regeneration at all so that the regenerating circuits are not 
established. When regeneration is started in parallel connection, 
and the vehicle speed falls below speeds satisfactory for parallel 
connection, the transition to series connection is accomplished 
without loss of braking torque during the transition. Тһе 
scope of this paper does not permit a detailed description of 
all the control features. It may merely be stated that the system 
has been developed and successfully operated with multiple- 
unit cars and automatic control for the regenerative braking, 
together with automatic control for acceleration. 

The system also has been worked out for manual control 
with automatic maximum torque arrangements, in connection 
with locomotives, and one locomotive has been in successful 
operation on the Lake Erie and Northern Railway for the last 
seven months without any difficulties of main motor or auxil- 
iary motor flashing or control failures of any kind, although 
the operating voltage is 1500 volts, with an occasional maximum 
of 2000 volts obtained during regeneration, the line being 15 
miles (24 km.) long, with only one substation in the center 
during the first four months of operation. 
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The master controller handle is arranged so that acceleration 
is effected by moving the handle from a certain middle posi- 
tion in one direction, and so that braking is effected by simply 
moving the same handle in the opposite direction from the 
same middle position. Тһе motor connections are arranged 
so that they are independent of the regenerative features of the 
control. Тһе manipulation of the locomotive by this single 
master controller is, of course, exceedingly simple and naturally 
very much to the liking of the operator. Every regenerative 
braking position is a running position, so that electric braking 
on down-grades is possible in fine gradations over a wide range 
of speeds. 

In order to establish the reliability of the system, tests were 
made in which the line voltage was suddenly changed from 
900 volts to 1800 volts, and vice versa. Other tests were made 
by interrupting and re-establishing the power supply for var- 
ious periods of interruption, and the 
inherent characteristic of the system, 
together with the control features, 
handles all these cases with ease. 

Outside of the essential features 
and requirements to be met by an 
ideal system of control, a great many 

Fic. 19 . minor features have to be considered. 

Among other things, it is of course 

desirable to keep the exciter as small as possible in order to 

keep first cost and weight down to a minimum. In this connect- 

tion, three different principles of excitation may be considered, 
namely: 

1. The exciter carrying the sum of the exciting current and 
the regenerated current, as shown in Fig. 19. This gives, of 
Course, a very large exciter with large commutators and numerous 
brushes. Тһе principal advantage of this system, which has 
been applied on the locomotives of the Chicago, Milwaukee 
and St. Paul Railroad, seems to be that it avoids the necessity 
of connecting the motors to the line as generators. The arrange- 
ments in the above case are such that the motors are connected 
to the line in the regular way, first as motors, and the exciter 
15 subsequently connected across the field and raises its excitation 
until the motor voltage overcomes the line voltage and regenera- 
tion takes place. This requires the manipulation of two 
separate handles and does not permit series-parallel control 
without interrupting the braking torque. 
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2. The exciter set carrying the field current only. This 
gives an exciter of smaller current capacity. This principle 
is used in the systems of Figs. 4, 9, 11, 12, 13, 14, 17 and 18. 

3. The exciter set carrying the difference between the field 
current and the regenerative current. This gives, of course, 
a further opportunity for reducing the average current in the 
exciter and its r.m.s. capacity. It so happens, however, that 
with the direct-current systems previously discussed, especially 
for higher speeds, the maximum regenerative current is usually 
so large and the field current so small that the maximum cur- 
rents to be carried by the exciter are about as large as in the 
previous case. For this reason the saving in exciter size is not 
very great. This system has other disadvantages—among others, 
the fact that the exciter works at times as a motor and at times 
as a generator, which in turn, makes it impossible to use a 
series connected machine for driving it. This, as previously 
pointed out, is liable to lead to flashing difficulties in the driving 
machine. In combination with battery excitation, as shown 
in Fig. 5, on tke other Land, this principle is very desirable, 
since by proper design it is possible to charge and discharge 
the battery alternately and keep it charged the proper amount. 

Another point of practical importance in consideration of the 
various systems is not only the number of steps required for 
control, but also the size of the current which has to be handled 
by the controllers. It will be seen, for instance, that in the 
systems shown in Figs. 4, 5, 9 and 11, the entire main field 
current, which is relatively large, has to be handled by the 
contacts. This, of course, leads to a heavier and more expensive 
control as well as increased maintenance cost, as compared with 
the systems shown in some of the other figures, for instance, Figs. 
12, 18, and 18, where only the small shunt current of the exciter 
set is handled by the contacts. 

A great many other similar systems possible for regeneration 
might be described and considered in detail, but it 1s thought 
that the fundamental principles have been sufficiently demon- 
strated by the previous examples. It may suffice to mention as | 
further possibilities the use of exciter machines driven by one 
of the axles, or the main motor gears, as well as the use of one of 
the main motors as exciter machine for the other motors during 
regeneration. Numerous combinations of this sort, which are 
more or less promising for practical application, are possible. 

While the foregoing discussions were limited to systems with 
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one or two voltages across the motor, that is, the line voltage 
and half of the line voltage obtained by series connection of the 
motors, it was repeatedly intimated that extended voltage 
variations will introduce further possibilities for regeneration. 
If the motor voltage could be varied at will, for instance, it 
would permit regenerative braking down to zero speed. 

The system of Fig. 20 shows a possibility for varying the motor 
voltage. In this case, a booster armature В 15 connected in 
series with the armature A and arranged so that its voltage 
subtracts from the line voltage, thus permitting the voltage 
of the main motor armature A to be anything between zero 
and the line voltage. Since the negative booster will, in this 
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Case, act as a motor, the mechanical energy developed by it 
has to be taken up by a driven generator armature N, which 
returns the energy to the line. The field F is excited by a small 
exciter armature Е coupled to the same set. 

Since with the previous systems and series-parallel control 
it is possible to return by far the larger part of the stored energy 
to the line and since 1% 1s, on the other hand, not safe to dispense 
with the mechanical brakes altogether, the additional gain in 
regenerative power made possible by a system as shown in 
Fig. 20 would hardly warrant the addition of a booster to the 
equipment, espec al y since the losses of a relatively large booster 
set are likely to exceed the gain made by regenerating at the 
lower speeds. 
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A variable voltage system has, however, other advantages 
which make its consideration worth while. Тһе existence of 
variable voltage permits acceleration without rheostatic losses, 
introducing thereby further economy in power consumption. 
Further, it is possible to eliminate from the vehicle a considerable 
number of switches now used in the main circuits for cutting 
out resistance and for effecting series-parallel control and to 
use in their stead very small switching devices in the fields of 
the booster set. Тһе resistance grids proper may also be elim- 
inated. "These latter features largely compensate for the extra 
complication and weight of the booster set. 

Instead of only reducing the line voltage by the booster, 
it is, of course, possible to reverse the shunt field of the booster 
machine and make the booster add voltage to the line voltage. 
It has been pointed out previously that the use of higher voltages 
'for regeneration permits the use of stronger field currents and 
smaller armature currents during regeneration, which, in turn, 
means a smaller r.m.s. current in the motor armatures and, 
under otherwise equal conditions, somewhat smaller main 
motors. This latter advantage, however, can only be utilized 
if the motors are designed for higher voltages across the com- 
mutator, which, as a rule, is not very easy with some of the stand- 
ard railway motor voltages. Under special conditions, however, 
advantage may be taken of this point. 

In spite of the above advantages, the system of Fig. 20 repre- 
sents hardly a practical solution, because with this system the 
booster set has to be quite large and heavy. It will be seen that 
the booster armature В carries the full motor current all the time 
and that its voltage varies between zero and the full motor 
voltage. Тһе current capacity is, therefore, equal to that of the 
main motors, and while the average voltages are less than the 
line voltage, the maximum magnetic sections and field coils 
must at least be such as to carry temporarily the maximum 
fluxes and exciting currents. The total capacity of the booster 
must, therefore, be only slightly less than the total of the main 
motors, and somewhat similar conditions apply to the arma- 
ture N. 

There are, however, a number of possibilities for materially 
reducing the booster size. It is, for instance, quite possible 
to keep the booster in circuit only while the motor voltage is 
different from the line voltage during the first part of accelera- 
tion and the last part of retardation, and to connect the motors 
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directly to the line the rest of the time. This will materially 
reduce the r.m.s. current in the booster set. 

Another possibility is to adopt series-parallel control of the 
motors and take full advantage of field control, which will fur- 
ther materially decrease the r.m.s. currents furnished by the 
booster set. Тһе introduction of series-parallel control, on the 
other hand, eliminates one of the main advantages of booster 
control, namely, simplicity in the control and small number 
number of switches. 

Another possibility for reducing the booster size is shown in 
Fig. 21, which reproduces a system which has been tried out 
in Paris (for complete description, see Electric Railway Journal, 
1914). 

With this system two motors, each of which is designed for. 
a voltage equal to the line voltage, are connected in series 
with the booster B, which is again connected to another machine 
of equal size, N, and a small exciter armature E. "The booster 
armature B is connected between the two motor armatures. 
In starting, the booster armature opposes the line voltage апа. 
the motor voltages are very low. Subsequently, the booster 
voltage is decreased until it is zero and the voltage of the two 
motors is equal to the line voltage. Then, the booster voltage 
is reversed and added to the line voltage until the total motor 
voltage equals twice the line voltage. Since the booster is, 
however, connected between the two armatures, the voltage 
to ground is in no case more than the line voltage and the vol- 
tage across any of the motor armatures is never more than the 
line voltage. Starting out, for instance, at the brush a with 
the line voltage, the armature Аз will by its counter e.m.f. 
bring the voltage at the brush b down to ground voltage. Тһе 
booster B will bring it up to line voltage again at brush c and 
the armature A, will by its counter e.m.f. bring it down to the 
ground voltage again at brush d. Тһе armature В carries, 
however, in this case, for the same total motor capacity, only 
half as much current as in the case of Fig. 20, where if two 
motors were used the armature B would have to carry double 
motor current. Тһе booster set of Fig. 21 is, therefore, only 
about half as large in capacity as in Fig. 20. 

Fig. 22 shows another possibility for reducing the size of the 
set. In the previous figures, the booster set may be compared 
with a voltage transformer, with two separate circuits. With 
{Һе connections in Fig. 22, the booster set may be compared 
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with an auto-transformer, and it has the same advantages over 
the other systems which an auto-transformer has over a two- 
coll transformer. If we assume, for instance, in Fig. 22, a start- 
ing condition with nearly zero voltage on motor armature A, 
we will find that nearly all the current is furnished by the arma- 
ture N, while the current in the armature B is nearly zero. 
At half line voltage the motor current will be furnished about 
one-half by the armature N and one-half by the armature B. 
At full motor voltage, armature B will carry nearly the full 
current, while armature № has practically no current. While, 
therefore, each of the two armatures still has to be designed 
for a maximum voltage equal to the line voltage, it will be seen, 
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for instance, that the current in the booster armature P varies 
between zero and the full motor current, instead of being the 
full motor current continuously, as in the system of Fig. 20. 
Consequently, the r.m.s. capacity of the booster, as well as that 
of the other machine N, would be very much smaller. 

By properly combining two or more of the possible funda- 
mental principles for reducing the booster size, it is quite practi- 
cable to make the set so small that the booster system may work 
out to be quite advantageous with regard to both weight and 
cost considerations. 

By combining various possible methods of excitation with 
the various methods of booster connections, a very large number 
of possible combinations can be devised, a great many of which 
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are very promising for practical application. Further possi- 
bilities are introduced by influencing the motor characteristic 
by properly compounding not only the exciter but also one or 
both of the booster machines. Fig. 23 shows, for instance, . 
series fields О and 5 for these machines, which are so arranged 
that an increasing regenerative current in the armature A will 
decrease the voltage of B and increase the voltage of N, thereby 
increasing the motor voltage and counteracting a further in- 
crease of regenerative current. - 

The possibility of governing the main generator voltage to 
a large extent by the amount of.the regenerative current, as 
shown in Fig. 23, introduces even a possibility of obtaining а 
fairly stable condition with a series generator, as shown in Fig. 24. 
We assume, for instance, that when regeneration is desired the 
main generator field F is reversed. Тһе field P may now be 
connected to induce in the armature № a slight voltage in line 
with that of the line voltage, and the field O induces in the arma- 
ture В a voltage slightly in excess of the line voltage. Тһе small 
voltage in the armature N will now cause the main generators 
to pick up as series generators. Аз soon, however, as the re- 
generated current becomes an appreciable amount, the field 
R, being arranged to oppose the winding P, will reverse the 
voltage in the armature Л so that 1t opposes the voltage of the 
armature А and further increases of regenerated current are 
prevented. The field S is arranged to decrease at the same time 
the voltage of the booster armature B. "This same effect of the 
windings О and 5 will prevent excessive regenerated currents 
in case of changes of the line voltage. A drop in the line voltage, 
for instance, will tend to increase the regenerated current. 
Such a tendency will, however, be at once counteracted by changes 
in the distribution of voltage between N and B, as described 
before. It is also a fact that slight increases in regenerated 
current with the connections as shown in Fig. 24 are not so very 
objectionable, because for a given connection of the field, the 
ratio of armature to field ampere-turns is always constant by 
necessity in a series generator. 

А booster control used for both acceleration and retardation 
has, of course, the disadvantage that the operation of the entire 
vehicle 15 dependent upon the additional booster set, and for 
this reason railway men may be somewhat reluctant at the pres- 
ent time to introduce such a control, and will possibly prefer 
Systems requiring an exciter set only and arranged so that the 
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motor operation is not dependent upon the operation of the 
exciter. 

Another disadvantage of the booster systems is that both 
machines of the booster set are provided with shunt windings, 
making the machines rather subject to flash-overs and requiring 
special precautions in the design, and possibly the addition of 
neutralizing cross-field windings. 

The systems discussed so far are all worked out with the idea 
of using standard or practically standard railway motors. When 
this condition is not imposed, further possibilities are made avail- 
able. satisfactory regenerative systems might, for instance, 
be devised by the use of compound-wound main motors acting 
as negative compound generators 
during regeneration, although, . 
as previously mentioned, the in- 
troduction of any shunt winding 
on the main motors is undesir- 
able, not only because it intro- 
duces complications, but also 
because а shunt winding with 
many turns is subject to high- 
voltage surges and consequent 
breakdowns, and moreover, be- 
cause a shunt winding while 
closed increases materially the 
damping effect upon the fields 
and the flashing tendencies of * 
the motors. Such difficulties can, 
however, be taken care of by the proper control and neutraliz- 
ing cross-field windings on the motor. 

Other possibilities consist in. the introduction of auxiliary 
exciting brushes which are used during regeneration for the pur- 
pose of setting up exciting currents in the armature. 

The result of regeneration upon direct-current lines may at 
times be rather disadvantageous with regard to voltage varia- 
tions, as previously discussed. Especially with low-voltage 
systems with low density of traffic, voltage rises of 10 to 15 per 
cent above the maximum voltages otherwise obtained are not 
at all unlikely in a great many cases. Unless such voltage 
rises are premissible for all apparatus on the line, the only 
remedy is, in such cases, increased line and feeder copper, or 
some equivalent means for taking care of this condition. 


Fic. 24 


1917] HELLMUND: REGENERATIVE BRAKING 49 


With direct-current systems, regeneration may be also dis- 
advantageous in certain cases of existing substations. While 
with up-to-date converting and generating machines which are 
all equipped with commutating poles, reverse load can, as a 
rule, be easily taken care of, this is at times not the case with 
non-commutating pole appa atus which is dependent upon a 
certain shifting of the brushes out of neutral to commutate 
successfully. With such apparatus when the current reverses 
the brush shift 1s in the wrong direction and rather bad commuta- 
ting conditions will obtain, which in turn may lead to flashing. 


ALTERNATING-CURRENT COMMUTATOR Мотов SYSTEM 


Regeneration with alternating-current commutator motors 
offers in certain respects less difficulty, in other respects more 
difficulty, than regeneration with direct-current commutator 
motors. 

Since alternating-current commutator motors are always pro- 
vided with cross-field windings preventing armature distortion, 
and since they always have, moreover, relatively low commuta- 
tor voltage, the flashing difficulty is largely eliminated. For 
the same reason the danger of over-voltages is minimized, and 
operation at voltages appreciably above the voltages used for 
motoring is usually permissible. 

The alternating-current system also has the advantage that 
the existence of a transformer on the vehicle makes the variation 
of the motor voltage very easy. This, іп turn, means that weak- 
ened fields at high speeds are not a necess.ty and that regenera- 
tion at all speeds down to standstill can be accomplished with 
any desired field strength, the only limitation being imposed 
by commutation considerations, much the same as during 
motoring. This permits the obtaining of any desired torque with 
any desired speed, with the armature and field currents adjusted 
to obtain minimum r.m.s. currents in either member. Іп gen- 
eral, therefore, it will be possible to effect regeneration with a 
lower r.m.s current in the armature than in the case of the direct- 
current systems with limited voltage range. 

On the other hand, additional problems are introduced, due 
to the fact that the characteristic of the regenerating voltage 
must not only be right with regard to its size but it must also 
be correct in phase. Another difficulty is to obtain proper 
commutating characteristics for all speeds during regeneration, 
this latter problem being, in general, identical with the commuta- 
tating problem of single-phase motors during acceleration. 
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The proper excitation of the generators during regeneration 
may be obtained, in connection with alternating-current com- 
mutator motors, in three ways: 

1. By the use of a separate exciter as in the case of the direct- 
current exciter systems. 

2. By the application of exciter brushes on the main motors. 
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3. By reversing the main fields of the motors and by operat- 
ing the motors as load-excited (series) generators. 

A system of the first kind is shown in Fig. 25. In order to 
induce a regenerated voltage of the proper phase, the main 
field of the generators must be about in phase with the line 
voltage. Since the field is purely inductive, the exciter voltage 
impressed upon the field must be shifted 90 deg. against the line 
voltage. This condition can be fulfilled by connecting the ex- 
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citer as shown with its fields connected to the line voltage; the 
exciter field, being almost purely inductive, will have a phase 
90 deg. shifted against the line voltage, and will also induce 
in the exciter armature a voltage shifted 90 deg. against the line 
voltage, as required. 

On account of the various ohmic and inductive drops of the 
system, a slight phase adjustment is necessary and may be ac- 
complished by adding a small part of the line transformer volt- 
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age to the excitation of the main field, as shown in Fig. 26. By 
properly adjusting the phase of the excitation voltage, power 
factor compensation can be accomplished to a certain degree. 

One of the principal handicaps of the systems just described 
is that the exciter has to be rather large, because on account 
of the inductive effect of the main generator field, а large amount 
of kilovolt-amperes is required for its excitation. 

A practical application of a system in which the exciting 
current was furnished by an alternating-current generator was 
made on a locomotive built several years ago for the Midi 
Railway in France. This locomotive was equipped with only 
two large motors, one of which was used as exciting generator 
for the other motor during regeneration. Тһе system worked 
very satisfactorily but was later abandoned by the railway com- 
pany in favor of dynamic resistance braking, because abundant 
water power was available and because, therefore, no advantage 
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could be secured by regeneration which could not be secured 
by a simpler arrangement for dynamic resistance braking. 
Another handicap in this particular case, with only two motors 
on the locomotive, one of which was serving as an exciter, 
was that only half of the total motor capacity was available 
for braking purposes. On locomotives with a greater number of 
motors this condition changes, of course, and a similar system 
with one motor out of a large number of motors serving as an 
exciter would give very satisfactory results. 

Whenever all motors are to be used for regeneration, the handi- 
cap of too large a separate exciter might be eliminated to a great 
extent by applying a system in which the exciter furnishes only 
the difference between the load current and the exciter current, 
as shown in Fig. 27. Ав previously pointed out, it is possible 
in an alternating-current system, on account of the existing 
possibility of voltage regulation, to maintain any desired ratio 
of field to armature current. By choosing this ratio as,near as 
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possible to 1:1, the average current furnished by the exciter 
can be kept very small, and although its voltage has to corres- 
pond to the necessary field voltage, the machine can be kept 
fairly small in size. 

There is danger, however, with the system of Fig. 27, that in 
case of a power interruption or even during normal operation 
the main motor might pick up as a direct-current series generator 
short-circuited by the secondary transformer winding. 

By separating the field conductively from the armature and 
connecting it in series with the stator cross field, as may be done, 
for instance, in the case of a repulsion connection, the possibility 
of direct currents may be eliminated. It is still possible, however, 
for low-frequency regenerated currents to be set up under certain 
conditions, unless special means for their elimination are devised. 

A regenerative system of the second kind, with the main 
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motors acting as armature (self) -excited generators, is shown 
in Fig. 28.. The operation of this system is as follows: 

Assume that with the motors rotating at a certain speed the 
cross-field circuit X is connected to the line. It is evident 
that a cross field will be set up, the size of which is essentially 
governed by the number of cross-field turns and the voltage 
impressed upon the cross field X. Тһе phase of the cross field 
is shifted 90 deg. against the line voltage. This cross field will 
naturally induce by rotation a voltage between the exciter 
brushes 0 b, which 1s proportional to and in phase with the cross 
field. If we now close the exciter circuit, this voltage will set 
up a magnetizing current which, in turn, excites the field along 
the axis m m. Since the circuit is practically purely inductive, 
the magnetizing current as well as the field will be shifted 90 
deg. against the voltage induced between the brushes b b and, 
therefore, shifted 180 deg. against the line voltage. This field 
will, therefore, induce a voltage in the armature between the 
working brushes а а which is opposite to the transformer volt- 
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age. Тһе value of the generated e.m.f. can easily be adjusted by 
adjusting the voltage impressed upon the cross-field circuit and 
making it sufficiently in excess of the impressed effective armature 
voltage so that regenerated currents are furnished to the trans- 
former. Тһе small transformer winding Т; in the armature 
exciting circuit is provided for the purpose of correctly adjusting 
the phase of the exciting field, which 1$ somewhat influenced 
by the ohmic drops, etc., in the exciting circuits. 

Such a system is advantageous insofar as it eliminates the 
necessity of auxiliary rotating apparatus for regeneration. It 
also permits of power factor compensation during regeneration, 
and possibly during motoring, within certain limits. 

Тһе system is, however, handicapped due to the fact that the 
armatures and also the commutators for the main motors have 
to be increased in capacity because they carry the exciting 
currents in addition to the load currents. This, in view of the 
space limitations existing for the main motors in connection 
with railway work, is quite a serious handicap. Another dis- 
advantage of the system 15 the necessity of additional brushes 
around the commutator. With the large number of brushes 
inherent with single-phase motors, even of the stator-excited 
type, the addition of extra sets of exciter brushes becomes 
іп many practical applications a rather serious problem. 

Both of the previous systems have essentially a shunt character- 
istic but the current curves are not as flat as they would be 
with a direct-current shunt machine, on account of the reactive 
drops present in alternating-current machines and in the rest 
of the system in addition to the ohmic drops. Since, more- 
over, the low voltage of alternating-current motors, and the 
absence of armature distortion, make flashing unlikely, the curves 
obtained with these systems are satisfactory in many cases. 
The excitation 1$ in both cases proportional to the line voltage, 
so that variations in the latter are always compensated by 
proportional variation in the field strength. 

When desirable, steeper curves can be obtained for the sepa- 
rate exciter system as shown in Fig. 29, and for the self-exciting 
system as shown in Fig. 30. 

The small transformer Го, as shown in Fig. 29, being connected 
in series with the load current, is arranged so that its secondary 
voltage subtracts from the exciter voltage. Ап increase in load, 
therefore, means decreased exciter voltage and decreased gener- 
ator voltage. In other words, we obtain a negative compound 
characteristic which in its purpose and effect is similar to such 
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a characteristic when obtained in connection with direct-cur- 
rent motors. 

Тһе working principle of Fig. 30 15 as follows: 

The stator field connected in series with the load current is 
arranged to oppose the magnetizing effect of the armature 
magnetizing circuit. If, therefore, the load increases, the nega- 
tive magnetizing effect of the stator field increases. On the other 


hand, it must be considered that the voltage induced by rotation 
between the exciter brushes has remained unchanged. Тһе 
demagnetizing effect of the stator ampere-turns will, therefore, 
tend to set up increased magnetizing turns in the armature 
exciting circuit. This in turn, will increase the part of the ex- 
citing voltage taken up by the inductance J, leaving only а 
smaller part of the total voltage generated by rotation to be 
consumed by the self-induction of the main field in the armature. 
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This, in turn, means that the main field must be smaller than 
before and that, therefore, lower working voltage is induced. 

In this manner it is possible to obtain any desired amount of 
compound characteristic. 

The third possibility for obtaining regeneration by reversing 
the main field of an alternating-current series motor, for instance, 
is rather interesting insofar as such an alternating-current series 
generator acts in a way entirely different from a series direct- 
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current generator. А suddenly decreased line voltage will not 
increase the regenerated current of the line frequency as in the 
case of direct current, but will tend to decrease it. Similarly, an 
increased speed will decrease this regenerated current. These 
changed conditions are brought about by the inductive drops of 
the machine and their phase relations to the load current, 
especially the large inductive drop of the main field. While this 
characteristic of the alternating-current series generator would 
make its use for regeneration possible, other difficulties have to 
be overcome for a practical solution along these lines. The sys- 
tem is handicapped by the strong tendency of the generators to 
pick up as direct-current generators with the secondary trans- 
former winding serving practically as a short circuit. Even if 
direct currents are made impossible as in the case of a repulsion 
motor, there is a strong tendency for low-frequency currents to 
be set up, causing trouble. In view of these and other difficulties, 
this method of regeneration has so far not been seriously con- 
sidered for railway application in this country, and a detailed 
discussion of its theory 15, therefore, hardlv within the scope of 
this paper. Undoubtedly, it has, however, certain possibilities 
for the future. 

The difficulty of connecting alternating-current generators to 
the line is materially reduced as compared to direct-current 
motors because the inductive effects of an alternating-current 
System materially reduce the tendency towards current peaks. 
The introduction of a certain amount of compound character- 
istic by the means previously described will, of course, further 
assist in keeping current peaks down. 

The various considerations and methods possible to take 
care of proper commutation during regeneration are very numer- 
ous, so that a complete analysis of them would easily take as 
much space as the present paper. It is, therefore, considered 
advisable to dispose of this subject by merely stating that satis- 
factory commutation can be obtained during regeneration, 
although certain complications in the control may have to be 
introduced for this purpose, under certain conditions. 

The considerations in connection with regenerative control 
referring to the transmission, transforming апа generating 
systems are with single-phase commutator motors no different 
from these previously discussed in connection with the three- 
phase and the phase converter system; in other words, there 
is usually no particular difficulty and the changed conditions 
can be taken care of by very few and simple safety devices. 
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VAFOR CONVERTER SYSTEM 


The use of vapor converters in connéction with electric rail- 
ways, while not of present commercial importance, may be so 
in the future, and, therefore, may be mentioned briefly in this 
connection. | . 

When a vapor converter is used in a substation, conditions are 
much the same as in ordinary direct-current systems. One 
difference is, however, that the regenerated power coming back 
at times to the substation in the case of rotating converting 
apparatus can readily be returned to the alternating-current 
generating system and used up by other loads of this system, 
while with the present practical forms of vapor converters 
this is not possible. It is, therefore, necessary to dissipate а 
larger percentage of regenerated power in the substations by 
resistances. On the other hand, the vapor converter substation 
is free from certain dangers caused by voltage rises in substations 
with rotary apparatus as previously discussed. 

When the vapor converter is used on the vehicle, the problem 
of regeneration seems, at least at the present time, rather diffi- 
cult. While certain suggestions have been made for rectifying 
devices, transforming direct-current power into alternating- 
current power, their commercial development seems to be far off. 
The only possible way for returning regenerated direct-current 
power to an alternating-current line seems to be, therefore, the 
addition of а small synchronous converter or motor-generator 
set to be installed on the vehicle and used during regeneration. 
Such a solution of the problem appears, of course, to be cumber- 
some, heavy and complicated. 


CONCLUSIONS 


In view of the numerous possibilities for successful regeneration, 
only a few of which have been considered in this paper, it is 
to be expected that regenerative braking will soon assume 
great commercial importance. It should, therefore, be exhaus- 
tively considered in any new electrification, and the time 1$ ар- 
proaching when its possible application should be investigated 
for the larger existing non-regenerative installations. In view 
of the practical advantages of regeneration for heavy railroad 
work, it is even quite likely that regeneration will in time become 
one of the factors which will win some railroads, now operated 
by steam, over to the electric cause. 
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ООН ОЕ SUSPENSION INSULATOR 
DETERIORATION 


BY ). E. WOODBRIDGE 


ABSTRACT OF PAPER 


This paper gives an outline of the investigation of роон 
insulator deterioration undertaken by Professor Н. J. Ryan and 
Assistant Professor J. C. Clark, and explained farther in their 
papers. It cites the origin of the investigation, the limiting fac- 
tors encountered and methods employed to overcome such handi- 
caps. 

The results of this investigation are admitted as disappointing 
and inconclusive on the causes of deterioration, although several 
causes previously considered probable have been eliminated. 


E TROUBLES experienced by operators of high-voltage 

transmission lines, due to deterioration with age of the 
dielectric strength of cemented porcelain suspension insulators, 
combined with the inability of ceramists and engineers to agree 
upon a satisfactory explanation of such deterioration, have 
induced the power companies of California to join forces in a 
scientific investigation of this deterioration. The results of this 
Study, in so far as results have been obtained to date, are present- 
ed in full in the accompanying papers by Professor Harris J. 
Ryan and Assistant Professor J. C. Clark. The companies 
interested in this investigation to the extent of contributing to 
the expense of same are; the Pacific Gas and Electric Company, 
Pacific Light and Power Corporation, Sierra and San Francisco 
Power Company, San Joaquin Light and Power Corporation, 
and the Southern California Edison Company. 

The investigation began as the outcome of discussions on the 
subject between Mr. J. P. Jollyman, of the Pacific Gas and 
Electric Company, Mr. H. A. Barre, of the Pacific Light and 
Power Corporation, and the writer, representing the Sierra & 
San Francisco Power Company. These discussions resulted in a 
conviction that megohm values of infinity determined by the 
commercial megger, that is, anything above 2000 or 5000 
megohms, covered a wide range of porcelain values, an investiga- 
tion of which might develop insulation resistances characteristic 
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of durable versus non-durable porcelain. It was even thought 
that if deterioration is due to porosity, and if suitable apparatus 
could be developed for measuring much higher insulation resist- 
ances, a characteristic resistance might be found for porous porce- 
lain, even when dry. It is obvious that if these hypotheses had 
proved correct, it would be possible for insulator makers to 
measure such porosity by electrical means in new porcelain, and 
determine in advance what insulators would deteriorate, which 
would in turn allow them to determine what method of manu- 
facture would produce the most durable product in this respect. 

It was also the idea of these engineers that insulation re- 
sistance measurements made under dielectric stresses more nearly 
approximating those of commercial service than the 1000 volts 
of the commercial megger might be of correspondingly greater 
value. Тһе inherent difficulties of such measurements with 
alternating voltages, due to the extremely low power factor of 
insulator leakage, at once suggested the use of the kenotron for 
the supply of continuous current at the voltáges desired. 

А paper presented by Professor Ryan before the San Fran- 
cisco Section of the Institute on March 31, 1916, described such 
measurements made at Stanford University under a pressure of 
4000 volts d-c. derived from a kenotron with a sensitive 
galvanometer, the combination giving a range up to 800,000 
megohms distinguishable from infinity. This equipment as 
then developed by Professor Ryan obviously extended the range 
of meggering to values 160 times greater than those of the com- 
mercial megger. A further extension of this line of investigation 
was then proposed to Professor Ryan with the request that he 
obtain the consent of the University authorities for the use of 
the high-tension laboratory and its equipment for this study 
during the 1916 summer vacation. Professor Ryan obtained 
this privilege and agreed to serve as a member of the committee 
having charge of the work, to which service he devoted the 
greater portion of his time during the vacation period. Тһе 
necessary funds were contributed by the above mentioned 
companies and the work was started under the direction of 
Professor Ryan, the above mentioned engineers, and Assistant 
Professor J. C. Clark, who was employed actively on the work 
with assistants throughout the summer. Insulators were con- 
tributed by the various power companies above mentioned and 
by the Great Western Power Company, also by several manu- 
facturers, usually in lots of 100, these insulators being of all the 
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well known makes, and, in so far as possible, of various ages, 
colors and previous conditions of servitude. 

The results of this investigation to date тау at the outset be 
admitted to be disappointing, as the ambitions of the promoting 
engineers have not been realized. Water logged elements have 
been dried out and restored to insulation resistances equal to 
those of the least porous. By the use of continuous current at 
25,000 volts and of galvanometers of great sensitiveness, infinity 
has been thrown above the resistance of any single piece of 
porcelain procurable, measurements being possible up to ten 
milion megohms. Ав might be expected, this has been accom- 
plished only by the exercise of great care and ingenuity in the 
matter of guarding against leakage. The characteristic resistance 
of porcelain suspension insulators of common shapes and sizes 
has been found to run between one-quarter and one and three- 
quarters million megohms. 

Conclusive positive information on the causes of deterioration 
has not been obtained, but considerable negative information 
has practically eliminated several causes previously considered 
probable. Mechanical loads have been proved to have little or 
nothing to do with the case. Stresses set up by expansion and 
contraction with temperature changes appear to have httle or 
nothing to do with deterioration in properly designed and 
annealed elements. There are indications that these stresses аге 
as great in insulators without attached hardware as in those 
complete with cemented metallic attachments; also, that such 
Stresses are as great in porous insulators as in those more thor- 
oughly vitrified. | 

А study of porosity has shown that much, if not all wet process 
electrical porcelain is slightly porous, some of this porcelain being 
more suitable for filtration use than for the exclusion of moisture. 
Aside from this exception, the term "slightly porous" here means 
porous to such an extent that moisture may in the course of years 
creep into minute crevices, forming conducting paths which 
eventually reduce the distance between terminals of the insulator, 
(Considering such paths as conducting extensions of terminals 
into the mass of the porcelain) until the dielectric stresses be- 
tween terminals will rupture the intervening material. Local 
heating in the non-porous barriers separating such conducting 
paths probably assists the final failure of the remaining dielectric 
strength. "This investigation has shown that porcelain has an 
extremely high negative rate of change of resistance with tem- 
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perature. Of the specimens tested, the rate of change may be 
stated as a loss of 99 per cent of the resistance with a rise of 45 
deg. cent. from ordinary temperatures. 

This partial porosity has so far been found extremely difficult 
of detection. We have found it impossible to devise any means 
of materially hastening the absorption of moisture above the 
rate inherent in ordinary line use, which often requires several 
years before the deterioration 15 apparent. 

The difficulty in making porcelain bodies absolutely impervious 
to moisture is obviously due to the fact that porcelain by the 
very nature of its formation cannot be completely liquified in the 
process of vitrification as can other materials, such as glass. 
This leads to the consideration of materials having the desired 
mechanical and electrical qualities, which can be liquified and 
cast in a mold. Of these the most promising in both electrical 
and mechanical characteristics that has been brought to the 
attention of the committee is fused silica. This material has a 
high dielectric strength, and an extremely low coefficient of 
expansion with temperature. Its behavior when subjected to 
high dielectric stresses of sustained high frequency gives promise 
of very desirable characteristics in the qualities of dielectric 
strength, local heating under high potentials, and change of 
resistance with temperature. 

It is the wish of the committee that others investigating this 
subject, or in a position to do so, may benefit by the ideas 
developed by this committee's work to date, and may carry on 
the work along the various lines indicated, which this committee 
has not been in a position to carry to completion. 
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CERAMICS IN RELATION TO THE DURABILITY OF 
PORCELAIN SUSPENSION INSULATORS 


BY HARRIS J. RYAN 


ABSTRACT OF PAPER 


The fundamental requirements in satisfactory high-voltage 
line insulators are summarized and particular emphasis is placed 
upon the need for coordinated study of service durability. 
The effect of porosity upon durability is explained in detail and 
an appeal made for the establishment of a practical porosity 
elimination test. 

The manufacture and structure of electrical porcelain is 
studied from the viewpoint of the ceramist, with many quo- 
tations and illustrations taken from the Transactions of the 
American Ceramic Society. 

The author briefly states the conclusions at which he has 
arrived and gives a very complete list of references and notes. 


URABILITY 15 one of several fundamental requirements in a 
satisfactory high-voltage line insulator. These require- 
dents are: 


1. Electrical Requirements. | 
a. Electrical strength of dielectric. 
b. Refractoriness of dielectric. 
c. Design of electrical features. 
2. Mechanical Requirements. 
a. Mechanical strength and toughness of dielectric. 
b. Design of mechanical and thermal features and their co- 
ordination with requisite electrical features. 
3. Durability Requirement. 
Minimum attainable deterioration. 
4. Cost Requirement. 
Best insulators that the art can produce at a minimum 
cost which the practise can afford. 


The modern porcelain suspension insulator is generally ac- 
cepted in the present state of the art as meeting the above re- 
quirements to the greatest extent. In respect to these require- 
ments the service it renders is reasonably satisfactory except as 
to durability. Effort is now being made by manufacturers and 
engineers to produce and to accept only such high-voltage porce- 
lain insulators as will not fail under ordinary conditions of use 
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or non-use in ten years or more. Аз yet there is no assurance 
that this result has been accomplished. If the causes of the 
failure of insulators with time were fully understood, more effec- 
tive work could be done to eliminate them. At present, after 
much effort in many quarters, these causes are known and under- 
stood only to a limited extent. 

Hardly апу of the requirements of an inswlator stand alone and 
unrelated to the rest. Particularly is this true of durability. 
Most of the features and of the properties of the materials that 
constitute an insulator are related to its durability. It is not 
reasonable to expect, therefore, that decided improvement in the- 
durability of the insulator can be made without a thorough 
going study by which full knowledge will be developed of all 
the facts for the materials and their forms that enter into the 
make-up of the insulator. 

There are two distinct phases of durability: 

1. Ability to endure sufficiently an adopted set of acceptance 
tests. 

2. Ability to endure operating service conditions and the ac- 
tion of the elements during a ка long period of time, t.e., 
ten years and upwards. 

We may for the present call the Gmer acceptance durability 
and the latter service durability. 

Insulators must be bought and paid for largely through the 
results of acceptance tests. Оп account of the great length of 
time involved, few if any can be bought on the basis of an ulti- 
mate durability in service which years alone can determine. Тһе 
present day suspension insulator was introduced nearly ten years 
ago and service durability results are now accumulating rapidly. 
It is generally conceded that the difference between acceptance 
and service durabilities is too great and must be reduced. Тһе 
remedy is being sought for and applied through causes of failures 
in and out of service as related to the past and present states of 
the art. A large amount of coordinated effort of all concerned and 
able to take part is required to discover these causes. The study 
of the service durability of high-voltage insulators must have a 
number of well defined and not-to-be-forgotten points of appli- 
cation.in order that the greatest advance in this durability may 
ultimately be attained; they are: 

1. Insulators that have and have not failed in service. 

2. Insulators that have deteriorated when not in service. 

3. Laboratory treatments that will cause insulators to fail. 
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4. Factory materials, design and technique in relation to sub- 
sequent failure of insulators. 

5.. Laboratory science studies of everything that can be per- 
ceived about the materials, their form and assembly for insulators. 

6. Coordination of all known knowledge that can have any 
possible bearing upon insulator durability. 

Studies have to be made by factory and transmission engi- 
neers and by ceramists, geologists, chemists and physicists at all 
of these specified points of application. Everywhere the work 
amounts to little more than a beginning and much more remains 
to be done if the porcelain insulator is to be made thoroughly 
reliable in practise. 

In а conference with Dr. J. C. Branner, а geologist with a wide 
knowledge of rock, clay and earth products, it was learned that 
high durability must not be expected of porous bodies even when 
they are constituted of porcelain. То retain the original integ- 
rity of clay products generally their vitrification must be carried 
far enough to make them virtually proof against the absorption 
ofmoisture. In witness thereof, he exhibited a porous clay prod- 
uct dish covered with an imperfect glaze. A student in biology 
for a comtemplated experiment had dissolved a salt in some water 
placed іп this dish. Interest in the undertaking was then lost 
and the dish containing the solution was allowed to stand 1n the 
laboratory untouched for a number of weeks. In the meantime 
the solution entered quite generally into the pores of the porous 
dish body. Later as the water evaporated from the dish and 
from its porous body salt was deposited throughout the pores. 
The salt formed crystalline structures that developed excessive 
internal mechanical stresses throughout the dish. Complete ruin 
of the dish resulted, chiefly through the production of large and 
small spalls and cracks. As a structure, however, the dish had 
remained whole. In respect hereof materials in solution are 
divided into two classes: 

1. Materials that expand when passing from the liquid to the 
solid state by freezing or by crystallizing from a saturated solution 

2. Materials that do not expand in the same circumstances." 

The former materials only produce the mechanical injury, in 
porous structures though injury by electric conduction that each 
class of materials may cause, so long as any moisture remains in 
them, must ever be kept in mind. 

Regarding the claim that ample vitrification of porcelain will 
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make it brittle and mechanically unreliable, it was learned from 
the same authority that the way out of the difficulty should be 
to select materials that would have to be vitrified at higher tem- 
peratures resulting in a greater toughness of product. As evi- 
dence thereof the production of satisfactory paving brick in our 
country was referred to. "This is accomplished by ample vitri- 
fication of materials so chosen and proportioned that high tem- 
peratures must be applied for the result. Тһе enhanced dura- 
bility of the brick is worth more than the increased cost of 
vitrifying at the higher temperatures. | 

It has long been known that porcelain for high-voltage line 
insulators affords no dependable service durability when made by 
the dry process and that a fair service durability for a large 
portion of the product is rendered when made by the wet process. 
In dry process porcelain the porosity can be reduced to one per 
cent only with difficulty,! whereas in a major portion of the high 
grade wet process porcelain the porosity is, by comparison, very 
low 4.6. one tenth per cent orless.? This practical experience estab- 
lishes the fact that the lowest degree of porosity that the art can 
be made to produce is a service durability requirement of the 
highest importance. Porous porcelain when waterlogged be- 
comes virtually an electrolytic conductor and a failure as an 
insulator. Its failure to insulate would be less decisive if under 
the circumstances its temperature-resistivity coefficient were not 
negative in sign and so high in value. Ав soon as local heat is 
generated the whole current flowing through the porcelain body 
must inevitably be concentrated upon a route so narrow that 
intense heating occurs resulting in fusion or burning and the 
production of a conducting core. 

Portland cement is generally used to attach the metal pins and 
caps to the porcelain insulator bodies. Тһе details of cement 
curing are well known. First a saturated solution is formed of the 
new cement in the excess of water present. When the insulator 
body is porous such saturated solution is absorbed. Later all 
free water evaporates and the material in solution in the pores 
of the porcelain remains as crystals producing great mechanical 
stresses as already shown. 

Insulators are carefully designed to minimize cracking of the 
porcelain body by thermal expansion stresses. With porcelain 
sufficiently porous to permit cement crystals to form within the 
body it would seem to be too much to expect of any design that 
no cracks would occur. Тһе combination of mechanical stresses 
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produced by the crystals and by differential thermal expansions 
must inevitably produce more cracks in the porcelain body than 
from these causes acting alone. 

Porous porcelain in an insulator captures moisture in damd 
weather and liberates it in dry weather. Each weather cycle 
will deposit, however minute, a certain quota of soluble salts. 
Thus eventually salt will have accumulated in the porcelain 
body to such an extent that it must fail as a dielectric due to 
cracks in dry weather increased by sudden temperature 
changes or by electrolytic conduction in wet weather or all 
together in a manner difficult to recognize. Old cement is а 
decidedly porous body that must also tend to swell and produce 
large mechanical stresses when foreign crystals have been deposi- 
ted in its pores. It is thus seen that porous porcelain must 
eventually fail as an insulator. Likewise the porosity of the 
cement used in attaching the caps and pins must, for much the 
same reason, be a cause that aids in bringing about the failure 
of an insulator with time. It is said that the high grade electrical 
porcelain is fired to cone twelve temperature, 1355 deg. cent.* 
The maker claims that an underfired body will be tough and 
mechanically reliable апа an overfired body will be brittle and 
mechanically unreliable. It is a well established fact that high- 
grade porcelain underfired is decidedly porous and unfit, that 
from an electrical viewpoint only, fully fired porcelain has its 
pore systems amply closed (rendered vesicular) and overfired 
porcelain bodies are apt to have a ''bleb" structure due to the 
concentration of gases sealed up in the pore system or to the 
evolution of gases in reactions that may occur.! 

In view of these things it should not be permitted to meet 
mechanical loading requirements by the expedient of underfiring 
which is bound to reduce service durability. The assumption 
that the cracking of insulator porcelain bodies may be avoided 
by annealing? and by form design must in time be a disappoint- 
ment if porosity of porcelain and of cement are permitted.? 

The foregoing considerations indicate that acceptance tests 
must include a practical porosity elimination test as soon as it can 
be devised. Professor Creighton has indicated? and the work 
reported in the present papers show that slightly porous porce- 
lain does not by all ordinary means admit moisture quickly to 
any considerable portion of the body. It is true that ceramists 
take the amount of water absorbed by a porcelain as a measure 
of its porosity. However, unless the test specimen is thin it 1$ 
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broken into small fragments before being immersed in water. 
Even so it is quite likely that the best porosity measuring tech- 
nique of the ceramist will have to be improved upon in order to 
measure with fair exactness the low values of porosity that occur 
in high-voltage porcelains offered for acceptance. The above 
remark, that it is ordinarily difficult to cause water to penetrate 
slightly porous unglazed porcelain, applies only to porcelain in 
balk of insulator size. 

The hunt is being continued for methods by which slightly 
porous porcelain can be made to take up water quickly to a con- 
siderable depth thereby correspondingly decreasing the insulation 
resistance and thus to determine electrically the existence of the 
porosity without injuring the insulator. The following tests 
were applied to unmounted insulators having caps unglazed inside 
and out and which were known to be porous because their re- 
sistance rose through oven treatment. Тһе last method tried 
and here listed for detecting porosity did not involve water 
absorption: | 

1. Two insulators were immersed in live steam for four hours 
without result as to moisture absorption. 

2. They were immersed in live steam for four hours during 
which cold tap water was circulated through the interior of the 
caps without moisture absorption result. 

3. Using tap water electrodes, 25,000 continuous volts were 
steadily applied through the cap of one of these units for a period 
of two hours during which the current flowing was observed in 
the high-duty megger outfit. Мо change in the resistance of the 
insulator occurred, showing that moisture could not have been 
driven to considerable depths by the electrical and capillary 
forces during the time of the test. 

4. А trial suggested by Mr. J. P. Jollyman: Dried porcelain 
known to be porous and non-porous insulators were megged, 
using 10,000 continuous volts applied through the outer layer of 
the cap and megged again after soaking in tap water over night. 
The overnight soaking caused the resistance of the porous in- 
sulators, only, to be lowered decidedly. — 

5. The caps of dry unmounted porous and non-porous insula- 
tors were subjected to ten kilovolts, sustained uniformly at 
325,000 cycles per second for five minutes. Temperatures of the 
outer crowns of the caps were taken immediately before and 
after the test. After immersion over night in tap water the tests 
were again repeated. The heating of the dry porous insulators 
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was slightly more than of the dry non-porous while for those 
soaked іп water over night the heating was decidedly greater for 
the porous than for the non-porous insulators. 

6. Trial by gaseous conduction in lieu of electrolytic conduc- 
tion: Dry porous and non-porous insulators were megged again 
with all conditions the same except that the electrode facing the 
outer surface of the caps was constituted of ionized gas liberated 
from an adjacent needle point connected to the galvanometer 
and properly guarded. Тһе results showed that slight porosity 
can not be located by this method. 

А look into the Transactions of the American Ceramic Society 
reveals the fact that ceramists have, in recent years, conducted 
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several investigations of electrical porcelains that аге of interest 
to transmission engineers. Аз the contents of these transactions 
do not appear to be generally known the author ventures to 
present certain diagrams and abstracts taken from these papers. 

In a study of explorations to find porcelains that should be 
suitable for high-voltage insulators at the University of Illinois, 
Bleininger and Stull? made up about 450 separate and distinct 
specimens of clays, spars and flints varying in kind and propor- 
tions. By permission of the American Ceramic Society Figs. 13, 
14, 15, 29, 30 and 31 of the original paper are reproduced here- 
with.. The first three are porosity-temperature-composition dia- 
grams and the last three are corresponding triaxial diagrams in 


[Nov. 24 


INSULATORS 


RYAN: 


68 


By permission of the American Ceramic Society 


11 УА, 
17 pa 
21 1111, 
EE RE 
НАЦИЙ. 
n UU E 
uh 
/ "| 
VEA ALL. 
/ ГА 1% "n 


| заана: 
ПЕНИ | 
1 11111 esses 
гэ М = o 
11111111 ва 
Ф со ч о 
бово? 1N30H3d 


= 


14 


Fic. 


By permission of the American Ceramic Society 


uu /3 | 
qe... AUAN 
Fie saraa ШИ 
а ИИ 
[E ШИИТ. 
(11313222) ИД 


666 в 
2222322 


A 


EU Maid 


Fic. 15 


1916] RYAN: INSULATORS 69 


which the dielectric strength (by slowly applied voltage required 
to puncture under oil) and composition are coordinated topo- 
graphically. These diagrams аге self-explanatory though a few 
corresponding quotations from the paper are helpful. 

“АТП porcelain bodies absorbing not more than 0.1 per cent of 
water, by weight, upon boiling in vacuo are considered vitrified.” 

“Tennessee Ball Clay." “Тһе less refractory character of this 
clay 15 indicated by the large range covered by the temperature 
area below cone 10, (1305 deg. cent.)". Figs. 13 and 29. 

“Тһе North Carolina Kaolin offers quite a contrast to the last 
material, іп as much as its{vitrification area is quite small at 
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temperatures up to cone 10. Тһе range is decidedly increased 
at the higher temperatures." Figs. 14 and 30. 

“The English China Clay differs from preceding clays in that 
its vitrification boundaries slope far more gradually in spite of 
the fact that its alkali content is not greater than that of the 
North Carolina kaolin." . . . “It is evident that this material 
differs considerably from similar American clays in this respect 
due to its structure or fineness of grain. Its vitrification area is 
quite large." Figs. 15 and 31. 

“Dielectric Behavior." The voltages have been arranged іп 
three groups which are: less than 10,000 volts per mm. from 10,000 
to 14,000 volts per mm. and from 14,000 to 18,000 volts per mm." 
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"The electrical resistance (strength against puncture 
under oil) seems to depend more upon sound vitrification and 
good mechanical strength than chemical composition, excepting, 
of course, in so far as the latter governs the vitrifying behavior." 
Figs. 29, 30 and 31. 

Later these studies were continued at the University of Illinois - 
by B. S. Radcliffe under the supervision of Professor Stull.! A 
number of decidedly porous porcelains were found having (when 
dry) high dielectric strength. Тһе results obtained are given in 
the triaxial diagram Fig. 5 of this paper, reproduced herein by 
permission of the American Ceramic Society. Used for high 
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Voltage line insulators, however, these porcelains would in time 
become water-logged and salt laden and would eventually fail. 
Nevertheless the results are deemed of real importance to the 
transmission engineer for they corroborate the corresponding fact 
reported in the present set of papers and earlier by Bang," viz. 
that dry porcelain when decidedly porous may possess a fairly 
high dielectric strength. Initial dielectric strength can, there- 
fore, be no complete. measure of the electrical service durability 
of a high-voltage line insulator. 

In a critical study of the foregoing results in ceramics one is 
brought to the conclusion that the desirable qualities in electrical 
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porcelain refractoriness and, therefore, toughness and vitrious- 
ness or imperviousness, are to be gained only through a high con- 
tent of flint fired at an amply high temperature.5 Fused flint, 
quartz or silica as it is variously called is thus indicated as the 
limiting outcome of the use of more flint and less spar and clay. 
Quartz goes gradually into fluidity only at a higher temperature 
than platinum. Іп giving up its crystalline structure through 
heat it is subject to an extraordinary degree of cracking, whereby 
it captures large quantities of air or other gases in the furnace.!$ 
It is difficult to fluidify the quartz without evaporation sufficiently 
to liberate such entrained gases. These difficulties have been 
overcome in recent years sufficiently so that chemical ware of 
fused quartz can now be afforded to a limited extent. Once fused 
and freed of gas “blebs”, quartz has incomparable electrical, re- 
fractory and thermal-mechanical properties. It is not injured if 
when red hot, it is plunged into cold water. When it can be 
fluidified by special treatment in an electric furnace sufficiently 
to be cleared of all entrained gas it may then be cast in cold 
metal moulds to form high voltage insulators. Until this can 
be done with quartz or some materials having much the same 
properties, porcelain will doubtless remain in use for such purpose. 

Wet process porcelain is roughly moulded to form in the plastic 
state, then dried to the ''leatherhead" state, removed from the 
moulds, tooled to exact form, slowly fired and slowly cooled with- 
out further resort to moulds. This solid vitrification without the 
use of moulds and without deformation is at once its greatest ad- 
vantage and disadvantage. The initial stages of the process 
develop a pore system in the green porcelain body that can be elim- 
inated or rendered vesicular only by the best possible technique 
applied to each and every piece in all stages of the process. Since 
this is not practicable on a large scale it is inevitable that, in the 
factory production of high grade electrical porcelain some of the 
low grade must be produced along with it. The importance of 
all improvements and of tests for the elimination of structurally 
imperfect and appreciably porous porcelains and of the operating 
strategy of thoroughly shuffling the finished insulators so as to 
minimize the likelihood of more than one unrecognized defective 
insulator being mounted in the same string is made manifest by 
a study of these results obtained by the ceramists. 

An investigation by Weimar and Dunn! undertaken in the 
department of ceramics of the University of Ohio yielded valuable 
knowledge as to the manner in which insulating qualities of 
porcelains vary with temperature. They give a table found in 
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the Transactions of the Royal Society of London. It includes 
temperatures and corresponding specific resistances of a “рогсе- 
lain" ranging from 1.63 deg. cent. to 81.93 deg. cent. Inspection 
of the contents of the paper reveals the fact that porcelain as 
here reported lost resistivity within the stated temperature 
range at the uniform logarithmic rate of 100 to 1 for the actual 
values in a rise of temperature of 51.2 deg. cent. Тһе corres- 
ponding average value obtained from the results of Professor. 
Clark as reported in his present paper is 46 deg. cent. rise in 
temperature. Considering the circumstances these resistivity- 
temperature relations are in fair agreement. 


By permission of the American Ceramic Society 
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Weimar and Dunn state that their work ‘‘covered that region 
known as the 'critical temperature' or that temperature at which 
porcelain ceases to be ап insulator and becomes a conductor and 
to a small extent the effect of composition upon the same." The 
results obtained are charted in Fig. 6 reproduced from the paper 
by permission of the American Ceramic Society. Тһе test speci- 
mens were cup-shaped 0.15 in. (3.8 mm.) thick heated in an 
open “electric furnace" and punctured with 60-cycle voltage 
steadily increased to the rupturing value. 

Having in mind the heat resisting duty that porcelain in high- 
voltage insulators is expected to render when some forms of line 
“trouble” occur, it is a shock to one when he comes across these 
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results for the first time. Above 300 deg. cent. it was found that 
the porcelains retained virtually no dielectric strength and that 
all applied voltage was consumed in setting up current through 
the test specimen functioning as an electrolytic conductor. 


ACKNOWLEDGMENT 


The author's study of the service durability of high-voltage 
suspension insulators would not have been feasible without the 
advice, helpful discussion and hearty cooperation of the following 
engineers, Messrs. J. E. Woodbridge, J. P. Jollyman, H. A. 
Barre and J. А. Koontz. | 


CONCLUSIONS 


1. Appreciably porous porcelain should not be employed for 
suspension insulators. Under the action of the elements ШЫ 
failure must occur in due course of time. 

2. Cement used for setting up cap and pin type suspension 
insulators should be non-porous or rendered non-porous for rea- 
sons set forth. 

3. Recognition of porosity asa contributing cause of suspen- 
sion insulator failures has not lessened the importance of design 
features that reduce cracking through differential thermal expan- 
sions and failure through electrical overstresses and the heat of 
heavy flash-overs. | 

4. Defective materials in otherwise well designed and manu- 
factured insulators have been responsible for most of their service- 
durability failures. 

5. Clear fused quartz appears, technically, to be a desirable 
substitute for porcelain in the construction of suspension insu- 


lators. 
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EXPERIMENTS ON PORCELAIN SUSPENSION 
INSULATOR UNITS 


BY J. CAMERON CLARK 


ABSTRACT OF PAPER 


The author gives a very complete description of the experi- 
ments on porcelain suspension insulator units carried on at 
Stanford University by him and his assistants under the direc- 
tion of Prof. H. J. Ryan. He explains the preliminary organi- 
zation necessary, the scope of the tests, and the unusual equip- 
ment required to measure the very high resistance of sound, dry 
insulators. Preliminary resistance measurements were made 
on all normal batches of porcelain units and the results tabulated, 
as also were results obtained when the units were subjected to 
mechanical stress, to voltages ranging from 1,000 to 30,000, to 
temperature variation. Another set of tests was made to deter- 
mine the effect of moisture in insulators. Drying insulators for 
a few hours in an oven at 150 deg. cent. produced very conclusive 
results of the effect of moisture in lowering resistance. Attempts 
were made to water-log units by soaking, by soaking with a tem- 
perature cycle applied, by subjecting units under various condi- 
tions to a steam pressure of 60 lb., and by a vacuum treatment of 
insulators before soaking. А brief statement is given of the con- 
clusions arrived at. 


INTRODUCTION, ORIGIN OF, AND ORGANIZATION FOR THE WORK 


HE WORK of Prof. Ryan. The work of Prof. Harris J. 
Ryan at Stanford University in the winter of 1915-16 demon. 
strated both the feasibility and the desirability of measuring the 
insulation resistance of suspension insulator units having resis- 
tances in the range between 5000 megohms and several millions 
of megohms. To illustrate: It was shown by Prof. Ryan that 
certain units having insulation resistances of, say, 15,000 
megohms could be punctured in the air on 60-cycle voltage. 
The ordinary portable megger of 5000-megohms maximum scale 
reading will give a reading of infinity for such a unit, as it is 
unable to differentiate between units of 6000 and 1,000,000 
megohms, whereas а dry, sound porcelain insulator will have а 
resistance of the order of 1,000,000 megohms or one ‘‘megameg- 
Manuscript of this paper was received November 21, 1916. 
*These values, as well as all other resistance values contained in this 
paper, are referred to a temperature of 20 deg. cent. unless otherwise 


mentioned. 
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ohm". Prof. Ryan also disclosed the fact that some units be- - 
come much lower in insulation resistance when subjected to 
prolonged soaking in water. 

Organization for tests. This work stimulated much thought 
among high-voltage engineers and, in particular, it aided in 
crystallizing a desire among them to develop a method by which 
it would be possible to detect faulty units with certainty, thus 
rendering it possible to avoid their installation. Accordingly, a 
committee of engineers was formed in May, 1916 to undertake 
experimental investigations of suspension insulator units, having 
as their broad purpose the production of test methods by which 
to detect with certainty and celerity all units which are electric- 
ally weak. Obviously, there is much difference of opinion on the 
classification of insulators as electrically “weak” and "strong". 
It is held by the committee, however, that any unit which is 
either weak at time of test or gives any indication whatever of 
the capability of developing weakness through lapse of time is 
to be condemned as weak. 

The financial support of the work has consisted in contribu- 
tions from a number of the California power companies. These 
companies, besides certain insulator manufacturers, have con- 
tributed liberally in test-specimens which will be found illustra- 
ted and briefly described in connection with “Preliminary Resist- 
ance Measurements’’. 

The facilities of the electrical laboratories of Stanford Univer- 
sity were placed at the disposal of the committee during the three 
summer vacation months of June, July, and August, 1916; and 
the writer and assistants were employed during this DEREN to 
prosecute the testing work. 


EXPERIMENTAL WORK 


Scope of Tests. In addition to the measurement of the in- 
sulation resistance of every insulator unit in the condition in 
which it arrived at the laboratory, the summer's work consisted 
largely in attempting to determine the influence of certain im- 
portant physical conditions of the insulator units upon their 
insulation resistance. Тһе physical conditions which have been 
thus investigated are; mechanical stress, electrical stress (using 
continuous voltage), temperature, absorbed moisture. 

The High-Voltage Megger. Since the resistance of a sound, dry 
porcelain insulator at ordinary air temperature is exceedingly 
large (of the order of 1012 ohms), it became necessary to provide 
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rather unusual equipment with which to measure this quantity. 
Without entering into a discussion of the possible apparatus for 
this purpose, it may suffice to say here that it was decided to 
employ 25,000 volts continuous pressure current through the in- 
sulator, and to use as sensitive a D'Arsonval type galvanometer 
as could be had conveniently, to measure the current. 

The pieces of apparatus which, taken collectively, may be 
called the high-voltage megger are shown diagrammatically in 
Fig. 1. Т, is а 33-kv. transformer which supplies charge to the 
air condenser C, at high voltage through the kenotron К. Т» is 
an insulating transformer through which the heating current is 
furnished to the cathode filament of the kenotron. The contin- 


To 
Controller T 


Fic. 1—HicH VOLTAGE MEGGER— CONNECTION DIAGRAM 


^il 


uous high voltage is impressed upon the insulator at 5 through 
the resistance R which is provided as a protection to the kenotron 
against а possible short-circuit of the load at 5. К 1s adjusted 
to allow only full-load current for the kenotron to flow on such 
а short-circuit, and with 25,000 volts on the circuit. Тһе gal- 
vanometer G is connected in the test circuit next to ground. 
The connections from the low-voltage side of the insulator to the 
galvanometer are described in detail below. | 

The use of 25,000 volts on the insulator results in an amount of 
surface leakage vastly in excess of that which occurs with the 600 
to 1000 volts ordinarily used in megger tests. Most of this leak- 
age is in the form of corona, and hence cannot be eliminated by 
any amount of careful cleaning of the surface of the insulator. 
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It is accordingly necessary to conduct all such strays directly off 
to ground by a path around the galvanometer. Fig. 2 shows the 
scheme used. Whenever possible, ordinary tap-water is used to 
make connection to uncemented porcelain blanks, and to make 
guard-rings, as it is very convenient in application. With units 
unprovided with petticoats, a felt ring saturated with water is 
laid on as a guard-ring, and the can guard is set directly on top 
of this felt ring. A grounded lead sheath protects the entire 
length of the wire running from insulator to galvanometer, while 

the instrument is remote enough 
No. 14 Wire to from the high-voltage parts of 
aded the circuit to be immune .from 
stray currents through the at- 
Grounded Sheath mosphere. 

Adjustment of the megger 
‘positwe Connection from VOltage is secured by means of 
| Gan Guard ose" an auto-transformer with multi- 
gap secondary feeding through 
a controller into the primary of 
the 33-kv. transformer, while a 
voltmeter connected across this 
primary serves to determine the 
megger voltage, a calibration 
curve of the megger in terms of 
the primary voltage having been 
secured by means of a 7-inch 
(17.7-cm.) sphere gap. 

Preliminary Resistance Meas- 

urements. Table Iisa summary 
of the resistance measurements 
made on all of the normal 
batches of porcelain units immediately upon their arrival at the 
laboratory. The UK units are uncemented blanks of the same 
make and year as the assembled units of the J series. The UH 
units are blanks corresponding in every way to those used in the 
assembled Н units. Тһе photographic reproductions, Figs. 3 
to 10 inclusive, illustrate all the types of units listed in the table. 
Table I also contains letters designating which insulator units are 
from a common maker. То illustrate: Units G, H, and НМ 
were all made by the same manufacturer, C. It will thus be seen 
that the porcelain products of four different makers, А, B, C, and 
D are represented in the tests. 
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In addition to the units of Table I, reference is made in this 
paper to various members of three additional small groups of 
units; namely, the U B, B M, апа F groups. Of these the UB 
and B M units are specially selected soggy specimens of the 
same make and date as the В Г, series of Table I. Тһе F units 
are of a new material, not porcelain. Fig. 11 shows the temper- 
ature-resistance characteristic of this material as exhibited by 
unit F5. Fig. 13 is a photograph of an F unit. 

Pull-Resistance Studies. A testing machine was used to TA 
ject the units to mechanical stress to detemine whether this 
would affect their resistance. Pulls ranging from 0 to 5000 
165. (22679. kg.) were applied to each kind of unit, but in no case 
was there any change in resistance from that obtaining for the 
unit in the mechanically unstressed condition. 

Voltage-Reststance Studies. Some work was done using the 
high-voltage megger to ascertain whether the resistance of a 
unit is constant over the range 1000 to 30,000 volts. Іп any 
case where this source has been used, there has appeared to be 
practically no variation in insulation resistance over the range 
mentioned. However, some earlier work was done in the megg- 
ing of very soggy units in which continuous voltages below 750 
volts were used in order to hold the galvanometer current down 
tosafe values. In every case where such a unit was later megged 
on 25,000 volts, the resistance thus determined is much lower 
than that obtained on the lower voltage. Table II shows results 
thus secured. | 

TABLE П 


Unit No. Test Vo:tage Resistance, 
megohms 

B L 19 110. 13,000 
25,000 820 
5 А6 415 21,000 
25,000 6,900 
B L 105 625 13.000 
25,000 8,300 
В 1. 68 635 8,300 
25,000 2,200 
ЗА 4 730 60,000 
25,000 20,000 
84 2 _ 740 73,000 


25,000 42,000 
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It is not clear why there should be a difference between the resis- 
tance values obtained for these units at low voltage and at high 
voltage since quite a variety of low- and high-resistance units 
tested over a range of 1000 to 30,000 volts have shown no varia- 
tion of. resistance over that range. | 

Temperature-Resistance Studies. Early in the work it was 
brought forcibly to the attention of the test force that the tem- 
perature of an insulator is a factor of the greatest importance 
in its behavior under the megger test. То illustrate this point, 
Table III is presented. 


TABLE 11. 


Resistance as first |Resistance as later 


Unit No. |. measured, measured, 20 
megamegohms deg. cent. 
| megamegohms 
1 АЗ 1.25 1.03 
1 А4 1.04 0.99 
145 1.09 1.12 
1A6 0.93 1.09 
1А7 0.60 0.74 
1А8 2.08 1.01 
2А1 0.83 1.11 


The second column gives results which were obtained before 
the influence of temperature upon the resistance of an insulator 
was fully appreciated. The units had been lying in the hot sun 
for about an hour for the purpose of drying following a washing 
which had been given them. They had then been brought into 
the laboratory and laid on the floor for various lengths of time 
ranging from 15 to 45 minutes before being megged. It was then 
assumed that the room temperature (25 deg. cent.) could be 
taken as the temperature of the units without much error. Тһе 
third column gives later results obtained after the units had 
reached a carefully determined steady temperature of 20 deg. cent. 
The lack of concord between the results in the second and third 
columns shows clearly the necessity for more careful work in 
this respect and, together with other similar observations, in- 
dicated the need of making a rather careful study of the resistance 
of porcelain as a function of temperature. An oven was there- 
fore constructed which makes it possible to heat up eight units 
simultaneously and to megg them conveniently one after another 
оп 25,000 volts continuous. АП units rest on a common grate 
upon which is impressed the high voltage. Eight low voltage 
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connections pass out through the thick heat-insulated wall of the 
oven to a terminal board at which the galvanometer lead is con- 
nected to any unit desired. The temperature is determined by 
10 carefully calibrated resistance coils wound of No. 34 copper 
wire having heavy leads brought out for convenient connection 


to a Wheatstone's bridge. 


The coils are placed at the height 


of the porcelain of the units and are otherwise at locations so 
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Fic. 11—VARIATION OF RESISTANCE WITH TEMPERATURE 


chosen within the oven as to make it possible to judge of the 
resistance of a unit with a precision ranging from 0.2 deg. cent. 


at 25 deg. to 1 deg. at 65 deg. 


The results of the study of six different insulator units are 


shown in the curves of Fig. 11. 


An exceedingly rapid rate of 


decrease of resistance with increasing temperature is shown by 
all the units, and this rate is substantially the same for all the 
different makes of porcelain insulators investigated. Fig. 12 is 
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a curve derived from the temperature resistance curves of porce- 
lain units which has been found very useful in reducing to a 
common temperature basis of 20 deg. cent. resistance measure- 
ments made over a temperature range of 17 to 27 deg. cent. 


MOISTURE IN INSULATORS 


Results of Drying Out Insulators. That some high-voltage 
porcelain absorbs enough moisture to lower its resistance is 
shown conclusively by the results of drying numerous insulator 
units for a few hours in an oven at 150 deg. cent. All the insu- 
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lators investigated in this way fall naturally into three classes 
(see Table IV) as determined by the effect of the drying upon 
their resistance; viz., (a) those practically unaffected by any 
amount of drying, (b) those raised in resistance by 20 to 400 per 
cent, (c) those enormously raised in resistance, 2.6., hundreds or 
thousands of times. А result of this natural division of the units 
has been for the test force to call classes (a), (b), and (c) respec- 
tively “non-porous”, “ slightly porous", and “very porous". 
Attempts to Water-log Units. It is obvious that a very easy 
laboratory test for the detection of porosity in an insulator is the 
high-voltage megger test, provided the insulator is already water 
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logged. However, many, if not all, very soggy units (7.e., units 
reading below infinity on the 5000-megohm megger) may be 
raised by a few hours drying to an apparently perfect condition 
in which they pass a 60-cycle dry spark-over test in air. It has. 
accordingly been regarded as essential that a method be found 
by which porous units may be made to take up water quickly 
inasmuch as any test which consumes weeks or months of time 
in order to establish porosity cannot be considered to have prac- 
tical or commercial value. 

Early in the work, the soaking of porcelain units in Vader at 
ordinary atmospheric temperatures was undertaken, but it be- 
came evident that, by this method, water enters wet-process 
porcelain units with extreme slowness, even in the case of units 
which have been called in the laboratory, "very porous". 

It was then suggested that, along with the soaking, a temper- 
ature cycle be applied. It was the idea that there might exist a 
sort of breathing actioncaused by volumetric changes of the 
material under changing temperatures which would draw water 
into the extremely attenuated pores of the porcelain. Accordingly, 
five units which were believed to have varying degrees of porosity 
were selected and put through the following cycle; Put into tub 
of water and water brought from 30 deg. cent. to boiling, 1 
hour; water being boiled, 5 hour; water being cooled to 30 deg. 
1 hour, units cooled in “cold tank", (20 deg. cent.), $ hour. 
This cycle was repeated two or three times per day. Тһе results 
are shown in Table V: 


TABLE V. 

“ACCELERATED SOAKING'—RESISTANCES ІМ MEGAMEGOHMS. 
Total cycles ! U B3 UBS5- U B 13 С B 14 U K 13 

0 0.75 0.73 0.0085 0.53 0.80 

1 0.55 0.41 0.011 0.36 0.62 

2 0.66 0.57 0 .030 0.39 0.80 

3 0.61 0.55 0.021 0.36 0.76 

5 0.66 0.84 0.046 0.36 1.27 


As shown by the table, the only positive effect of this process 
was to raise the resistance of some of the units treated. This is 
no doubt due to a rapid driving out of water from the porcelain 
during the boiling part of the cycle. 

Another “‘accelerated soaking" test was next attempted in 
which the boiling part of the cycle was eliminated, the water 
being carried to a maximum temperature of 75 deg. cent. Тһе 
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same five units used in the previous test were subjected to this 
modified test. Тһе results are shown in Table VI. 


TABLE VI. 
MODIFIED ACCELERATED SOAKING—RESISTANCES IN MEGAMEGOH MS. 


Total cycles U ВЗ 085 U B 13 U B 14 U K 13 
0 0.82 0.72 0.032 0.34 0.99 
5 0.76 | 0.65 0.0039 0.18 1.01 
8 0.71 0.63 0.0021 0.115 0.98 
16 0.72 0.65 0.0011 0.072 0.94 
24 0.82 0.66 0.00074 0.025 0.99 


It is seen from Table VI that the rather porous units U B 13 
and U B 14 are rapidly brought down in resistance by the 24 
cycles of treatment, but that the slightly porous unit U К 13 has 
not been affected at all. | 

It was suggested that the entry of water into the pores of 
porcelain might be expedited by keeping one side of the porcelain 
exposed to the atmosphere while water is applied to the other, it 
being the theory that the application of water to both sides of the 
unit traps a certain amount of air within the pores effectually pre- 
venting the entire filling of the pores with water. То test this 
theory, two very porous units were selected and water was ap- 
plied to one side of each. With a cemented unit, В M 30, the 
insulator was inverted and water was simply poured around the 
pin within the inner skirt of the unit and allowed to remain there 
for about two weeks. In the case of the other unit, U B 18, 
which is an uncemented porcelain blank, a rig was devised by 
which the pin cavity was filled with water and kept under 60 lb. 
per sq. inch (4.2 kg. per sq. cm.) pressure for about 30 hours. 
In neither case was there any material acceleration of the water 
absorption beyond that which would occur with ordinary soaking 
of the entire unit in water. | 

Since the negative results obtained in the application of water 
to one side of porcelain units may imply that the pores of the 
material are of such minute section that water enters them rapid- 
ly when in gaseous form, it was concluded to try the application 
of steam to one side of a porous unit. "The test rig mentioned 
in the previous paragraph was therefore modified to permit the 
unit to be heated from the outside hot enough to generate steam 
within the pin cavity while the latter 16 kept filled with water at 
60 lb. per square inch pressure. Thus steam at 60 lb. (27.2 kg.) 
pressure is applied to the inner surface of the pin cavity. Unit 
U B 18 was given two hours of this steam treatment.  Megohm 
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readings taken just before the test, and again as soon afterward 
as the unit had become cold are respectively 310,000 and 1050. 
This shows a remarkably rapid lowering of the resistance. This 
test was also applied to unit U К 13 which had been considered 
to be a slightly porous unit from the results of the first accelerated 
soaking" test, see Table V. However, megger readings taken 
just before three hours treatment of the unit and afterward as 
soon as the unit had become cold show in each case a resistance 
of 0.85 megamegohms. 

Vacuum treatment just before soaking has been tried with a 
number of units believed to be of varying degrees of porosity. 
The results of one such test are shown in Table VII. 


TABLE VII. 
VACUUM AND PRESSURE TREATMENT—RESISTANCES IN MEGAMEGOHMS. 


Unit No. Resistance in megamegohms Remarks on previous status of unit. 
Aug. 16 Aug. 17 Aug. 18 


U B2 0 .00052 0 .00028 0.00019 |Considered ''very porous" because of 
rapid lowering of its resistance in cold 
water soaking. 

C 76 0.123 0 .0101 0.0029 |Сопвідетей ‘‘very porous”? because its 
resistance lowered rapidly when stored on 
concrete floor in a cool place. 

C1 0.79 0.94 1.00 Considered ''sligntly porous” as its resis- 
tance rose decidedly when stored in a 
warm, dry place. 

G 50 1.69 1.61 1.74 Considered ‘‘slightly porous” because its 
resistance rose somewhat due to drying 
in oven. 


G 60 1 .69 1.79 1.63 Same as G 50 
G 71 1.69 1.50 1.61 Same as G 50 
G 81 1.51 1.45 1.42 Same аз С 50. 


The values of resistance for Aug. 16 were obtained just prior 
“о placing the units in the vacuum tank. Оп Aug 16, the units 
were put under a 25-inch (63.5 mm.) vacuum for 12 hours, and 
while the vacuum was maintained, water was run into the tank 
until the units were covered. Тһе water was allowed to remain 
over the units at atmospheric pressure over night (15 hours), and 
the results for Aug. 17 were then obtained. А 25-inch vacuum 
was again applied to all the units for five hours which was fol- 
lowed up immediately by water, the vacuum being maintained 
until the tank was filled with water. Тһе water was kept under 
the supply pressure of 60 lb. per sq. inch above atmosphere 
over night (143 hours), and the values of Aug. 18 were then ob- 
tained. As shown by the table, decided lowering of resistance 
occurred only in the cases of the “уегу porous" units. 
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With but two exceptions, the methods which have been tried 
in attempting to water-log units rapidly have been fairly ѕиссеѕѕ- 
ful in the cases of units known to be very porous. These two 
exceptions are the ordinary soaking in cold water and the attempt 
to accelerate water-logging by heating and cooling wherein boil- 
ing occurred during the cycle. However, no method has yet been 
found by which the slightly porous units can be made to take 
water rapidly. That efforts to this end have failed is remarkable 
in view of the fact that the water may be driven out of such units 
in a very few hours by heating them at 150 deg. cent. Whether 
these insulators would deteriorate in actual line service is a de- 
batable question, the discussion of which lies outside the scope 
of this paper. 

CONCLUSION 


Much of the work of the summer has been concerned with the 
study of moisture absorption in porcelain insulators as indicated 
by their insulation resistance. This is largely due to the fact 
that few other characteristics of the specimens submitted have 
seemed so much worth while investigating as their porosity. In 
this connection, it is important to note that very little trouble 
with cracking due to expansion of metal parts is in evidence 
among the specimens, even among the older batches of units 
wherein little attention was evidently given to this subject. 
Some 60 assembled units of various makes have been subjected 
to temperatures ranging from 110 deg. to 150 deg. cent.—much 
higher temperatures than аге ever encountered in service. 
Among these units were 30 selected as being most likely to crack 
owing to bad design wherein no provision was made at the base 
of the cap next to the disk for expansion of the cap. Out of the 
60, only 3 units have failed by cracking; namely, Nos. B L 94, 
C 9, and C 76,— all of old design. 1 

Inasmuch as the real factors which contribute to the weakness 
of many porcelain insulators are now much better appreciated, 
it 1$ felt that some progress has been made toward achieving the 
broad purpose of the investigation; namely, to develop ready, 
sure and simple methods by which to detect the weak insulator. 
It is at the same time realized that a great amount of work re- 
mains to be done, and 1% 15 hoped that many others will devote 
themselves to this problem which it seems so necessary to solve 
if confidence is to attend the continued use of the porcelain high- 
voltage insulator. 
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ABSTRACT OF PAPER 


This paper gives a careful compilation of figures showing 
the total fixed installed primary power in the United States and 
similar figures for total installed water power, at the same time 
calling attention to the unreliability of statistics in general. 
With these figures, those compiled by the Commissioner of Cor- 
poration are summarized and compared. 

The geographic distribution of installed water power is consid- 
ered and many interesting facts revealed when these figures are 
examined from the viewpoint of population distribution. А 
study of the development of water power between 1889 and 1909 
Shows some interesting differences as compared with distribution 
of manufacturing power and total developed water power. 

The author next takes up the question of the possibilities of 
water power development and points out the fallacy of power 
development waiting upon demand instead of creating it. The 
immense field for hydroelectric power which a development of the 
electro-chemical апа electro-metallurgical industries would 
create with the success of such industries abroad is cited and an 
appeal made for a Federal policy of encouraging business enter- 
prise instead of obstructing it. 


N PRESENTING this paper before an organization of elec- 
trical engineers, I wish to say by way of preface that it is 
not electrical, nor yet engineering. It is, if anything, economic; 
in some degree comparative, and slightly statistical. Having in 
mind Disraeli’s classification of untruths as “Пес, damned lies, 
and statistics," you may know what to expect. 

In order to get ourselves properly oriented, as the surveyors 
say, it is well to take a bird's-eye view of the entire power field. 
The total fixed installed primary power in the United States, as 
given by the Census Bureau, is as follows: 

The unit is the horse power. 

Commercial and municipal central electric stations, 


о INS LIÉ Е 7,028,048 
Street and electric railways, 1912................. 3,665,051 
Steam road electrification, 1912................... 193,956 

Total electric installations.................... 11,387,655 
Manufacturing, 1909............................ 16,802,706 
Mines and quarries, 1909........................ 4,402,554 

Total fixed installed primary power........... 32,592,915 


Manuscript of this paper was received March 7, 1916. 
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The Census Bureau has a disconcerting practise of collecting 
some of its data as of the years ending with two and seven, while 
other information 1$ gathered for the years ending with four and 
nine. Our figures are, therefore, out of phase, the electric power 
data leading by 216 degrees, and we are not strictly within our 
rights in making these numerical additions, but the results will 
serve our purposes for general comparisons. 

The figures here given for manufacturing and for mines and 
quarries are exclusive of nearly two million horse power classed 
as rented power, which is included under the central electric 
stations. No account is taken of the power installed 1n 1solated 
plants, such as hotels, large mercantile establishments, office · 
buildings and the like. Тһе aggregate of these must be very 
large, but they have not been included in census returns, and no 
list of them is believed to exist. 

In addition to the fixed power, consideration must be given 
to the power generated by steam locomotives. "There are in the 
United States about 65,000 locomotives in service. It would be 
absolutely meaningless to add their rated horse power, even if it 
were obtainable. Doubtless it exceeds the total fixed power of the 
country. We can, however, by an indirect method, approximate 
its equivalent in fixed power. In the year ending June 30, 1914, 
the railroads of the country expended, in round numbers, 
$242,000,000 for locomotive fuel. A small portion of this fuel 
was oil, but far the larger part was soft coal. If the average price 
of this coal be assumed at $2.00 per ton, the locomotives burned 
121,000,000 tons (1 long ton =1.01 metric ton) of coal during. 
the year.  Allowing 26 tons per h.p-year (about six pounds 
(2.7 kg.) per h.p-hr), the equivalent continuous output is 
4,692,000 h.p., or, with a 60 per cent load factor, 7,820,000 h.p. 
If all the railroads in the country were electrified, the necessary 
installed power for their operation would probably not be far 
from this latter figure, although, of course, the total coal con- 
sumption would not exceed one-third that used under the present 
system. The fixed installation, in these circumstances, would 
then be about 120 h.p. per locomotive in service. 

The data are not available with which to estimate the power 
used in navigation, and the inquiry would not be pertinent in 
this connection, even if we could make the estimate. 

We have, then, at the present time in the United States the 
equivalent of at least forty million horse power in fixed installa- 
tions, without counting the isolated plants already mentioned, 


1916] COMSTOCK: WATER POWER 93 


which must total а very large amount, though we have no basis 
for an intelligent guess. 

How much of this is water power? From the census reports 
again, we have the following: 


Commercial and municipal central electric sta- 


(110067101. 55222 Б не 2,471,081 h.p. 
Street and electric railways, 1912............... 471,307 “ 
Steam road electrification, 1912................. 8,000 “ 

Total hydroelectric installations............ 2,950,388 '' 
Manufacturing, 1909.......................... 1,822,888 '' 
Mines and quarries, 1909...................... 97,460 “ 

Total installed water power................ 4,870,736 “ 


Тһе installed water power is, therefore, 14.94 per cent of the 
total fixed primary power, or about 12 per cent of all power, 
including locomotives. 

In 1908 the Census Bureau reported to the National Conser- 
vation Commission that the developed water power of the coun- 
try aggregated 5,356,680 h.p., of which 3,396,108 h.p. represented 
developments not less than 1000 h.p., and 1,960,577 h.p. were 
smaller developments. "These figures, however, were not limited 
to actual installations, but included many power sites only 
partially developed, or, to quote exactly, “undeveloped power 
sites upon which some expenditure had been made." 

In a report to the Secretary of Commerce and Labor, dated 
March 14, 1912, the Commissioner of Corporations stated the 
developed water power in plants of 1000 h.p. or more, to be 
4,016,127 h.p. of which 2,961,549 was classed as commercial and 
1,054,578 as manufacturing. These figures are of date June, 
1911. The difference of nearly 800,000 h.p. between this estimate 
of manufacturing power and the census figures of 1909 is probably 
to be accounted for by small manufacturing plants. To the 
figures above given, the Commissioner adds 2,000,000 for plants 
of less than 1000 h.p., making ''a grand total, in round numbers, 
of at least 6,000,000 h.p. as the total water power of the United 
States, developed and under construction in June, 1911." 

A still further addition of 2,038,528 h.p. is made by the Com- 
missioner to cover ''the undeveloped power owned or controlled 
by the concerns reporting developed power." This report of the 
Commissioner of Corporations may be summarized as follows: 
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Concerns having 1000 h.p. or more: 


Сотптегсіа1...................... КЕРЕ ERE 2,961,549 h.p. 
МаллҒасінгіпр............................... 1,054,578 “ 
Оааеўеоре ха ао оро НА АОН 2,638,528 '' 
ТОТА contexta ан ms tactics Re dr 6,654,655 '' 
Plants of less than 1000 h.p., about............... 2,000,000 “ 
Grand обат 5. ав: 8,654,655 “ 


This appears to be the only basis for the inaccurate statement 
made by Mr. George Otis Smith, Director United States Geologi- 
cal Survey, in an address delivered before the Second Pan- 
American Scientific Congress, on December 28, 1915, that ''the 
present installation of water power plants in the United States 
is estimated at 8,500,000 h.p." "There 15 an obvious difference 
between an installed plant and the mere ownership or control of 
a site. I know of several power sites whose owners are looking 
anxiously for someone to help them let go of the bear's tail. 
No doubt it was such misuse of data that prompted Disraeli to 
place statistics in the next place beyond the damned lie. 

Taking into account the fixed power. equivalent of steam 
locomotives, and the certainly large, though unknown, amount 
of power in isolated plants, it is probably safe to say that the 
actual water power installations of the United States aggregate 
not far from 10 per cent of the total installed primary power. 

The next point of interest is the geographic distribution of 
the installed water power. This is shown in the following table: 


GEOGRAPHIC DISTRIBUTION OF WATER POWER 


Central elec- 


Manufactur- | tric stations, | Electric rail- Total 

ing, 1909 | 192 | ways 1912 - 
% % % % 
New England................. 41.5 7.4 7.4 20.9 
Middle Atlantic............... 25.7 26.8 4.1 24.0 
East North Central........... 11.4 10.0 8.9 10.8 
West North Central........... 4.8 4.1 4.7 4.8 
South Atlantic................ 10.1 14.1 13.6 12.4 
East South Central........... 1.6 1.5 0 1.3 
West South Central........... 0.2 0.2 0 0.2 
Моцпќаіп.................... 1.2 12.9 4.5 7.4 
Расте улг з n toner 3.5 23.0 56.8 18.7 
100.0 100.0 100.0 


The distribution of the power used in mining and quarrying 
could not be learned, but the total quantity so consumed is 
small, and, whatever its distribution, can not sensibly affect 
these figures. 
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Ап examination of this table reveals several interesting facts. 
One-half the population of the United States is east of the wes- 
tern boundary of Ohio; sixty per cent of the developed water 
power is east of that meridian. One-half the population is north 
of the parallel of Denver; seventy-five per cent of the developed 
water power is north of the same line. 

The Atlantic coast states, from Maine to Florida, contain 57 
per cent of the developed water power and 41.3 per cent of the 
population. The states west of the eastern boundaries of New 
Mexico, Colorado, Wyoming, and Montana contain 26 per cent 
of the developed water power and 7.5 per cent of the population. 
The great Mississippi valley region, from Canada to the Gulf 
of Mexico and from Pennsylvania to Colorado, contains rather 
less than 17 per cent of the developed water power, with 51.2 per 
cent of the population. The three Pacific coast states alone con- 
tain 18.7 per cent of the developed water power, but only 4.6 
per cent of the population. 

As we shall see later, all this has a bearing on the alarmist 
talk about water power monopoly with which we are regaled 
from time to time by Young-man-afraid-of-his-job or some other 
member of a Federal bureau, the sole purpose of whose existence 
is to seek out the unfortunate private citizen who has more than 
three dollars, and regulate him. With these gentry it is a case 
of “Johnny, go out and see what Willie is doing, and tell him 
to stop it." | 

The general character of the evolution in the development and 
use of water power is familiar to all. Тһе first water wheels 
were installed to drive grist mills, saw mills and other plants 
whose activities were directly connected with the every-day 
necessities of the people. Naturally these were in the New Eng- 
land states. As the population increased and its requirements 
became less primitive, the power sites were further developed and 
applied to paper manufacture, the textile industries and the like. 
Even today 41.5 per cent of the water power devoted to manu- 
facturing, as distinguished from that generated in central sta- 
. tions and sold for general commercial purposes, is located in New 
England, and 67.2 per cent is in New England, New York, New 
Jersey and Pennsylvania. Nearly all the remainder is in the 
South Atlantic states and in the states north of the Ohio and east 
of the Mississippi river. 

The water power thus directly applied to manufacturing in- 
dustries has not increased very rapidly for the past twenty years, 
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and the growth is likely to be even less important in the future. 
In 1889 the water power so applied aggregated 1,255,045 h.p.; in 
1899—1,454,112 h.p.; in 1909—1,822,888 h.p. The increase 
was thus 15.9 per cent from 1889 to 1899, 25.4 per cent from 
1899 to 1909, and 45.2 per cent from 1889 to 1909. For the 
same periods the total power used in manufacturing increased 
from 5,938,635 h.p. in 1889 to 10,097,893 іп 1899, or 70 per cent 
and to 18,675,376 h.p. in 1909, an increase of 85 per cent since 
1899, and of 214 per cent since 1889. 

The North Atlantic states became important manufacturing 
centers because of readily accessible and easily developed water 
powers. Large populations grew up around them and these 
people in turn constituted a market for the manufactured prod- 
ucts. Thus, this region had three of the four requisites for а 
successful manufacturing country, viz: cheap power, ample labor, 
and а near-by market. These advantages it still has to a con- 
siderable extent, though the first it 1s rapidly losing. 

In the early nineties, hydroelectric development began in 
earnest. "The first Niagara plant (55,000 h.p.) about 1894, was 
“Үе first important installation of this character. In 1902 the 
aggregate of the hydroelectric developments of the United States 
was 438,472 h.p. in ceritral station installations, and 49,153 h.p. 
in electric railway plants, a total of 487,625 h.p. In 1907 these 
had increased to 1,349,087 h.p. in central stations, and 91,961 h.p. 
in electric railway plants, a total of 1,441,048 h.p. or nearly as 
much as the total installed water power for manufacturing pur- 
poses. In 1912 the central station installations had become 
2,471,081 h.p. and the electric railway plants 471,307, h.p. a 
total of 2,942,388 h.p., or 61 per cent more than all the installed 
manufacturing water power. Тһе increase in hydroelectric in- 
stallations was 195.5 per cent from 1902 to 1907, 104.2 per cent 
from 1907 to 1912, and 502 per cent from 1902 to 1912. "The 
proportionate increase in ten years, ending 1912, was more than 
eleven times the proportionate increase in manufacturing water 
power in twenty years ending 1909. © 

A study of the distribution of the development shows some in- 
teresting differences as compared with the distribution of manu- 
facturing power and of total developed water power. 

New England has only about 8 per cent of the hydroelectric 
as against more than 40 per cent of the manufacturing power. 
The north Atlantic states, including New England, have about 
30 per cent of the hydroelectric and nearly 70 per cent of the 
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manufacturing power. Тһе eastern half of the population has 
only 45 per cent of the hydroelectric with 60 per cent of the total 
developed water power. The northern half of the population has 
about 70 per cent of the hydroelectric development. 

The Atlantic coast states have 45 per cent of the hydroelectric 
development, and a little more than 41 per cent of the popula- 
tion. The states between Pennsylvania and Colorado have more 
than one-half the population, but only 16 per cent of the hydro- 
electric power. Тһе states from Colorado west have only 7.5 
per cent of the population, but 39 per cent of the hydroelectric 
development. 

These apparent anomalies are not difficult to explain. Falling 
water is a source of power, but we must have fall as well as water. 
In the Appalachian region there is ample water and moderate 
fall. In the Mississippi valley the fall is slight and difficult to 
utilize, except in rare instances. From the Rocky mountains to 
the Pacific we have plenty of fall, but are frequently- short of 
water. Іп the immediate vicinity of the Sierra Nevadas there is 
an abundance of water and many falls which can be utilized at 
moderate cost. | 

The Pacific coast states, without coal, and until the develop- 
ment of the southern California oil fields, without fuel of any 
kind, were quick to grasp their opportunites. What was done 
in other parts of the country by means of fuel, they hastened to 
до with the ‘‘white coal". Thus, we see that the proportion of 
the total central station power, which is generated by water, is 
much greater in the far west than elsewhere. This appears from 
the following table: 


PERCENTAGE OF TOTAL CENTRAL STATION POWER 
GENERATED BY WATER 


New England.. eaa pe n iis dico dee e e ERN lC Ы ЫНЫҢ 21.1 
Middle АПИС шеки кешш» atu ort aee Sos aos 22.2 
East North Сепітг!................................. 12.2 
West North Сепїга1................................. 14.3 
South AtlantiG Р ааа b Ghee Eee Caw кыйк le ar ga а 40.4 
East South Сеп{га]................................. 10.6 
West South Сепігді................................. 2.5 
NOUN GAIN О ша кыре ыы СЕ ЫМ але тынды S feas 64.8 
Paci d eet dorado a E АР а бла doe ide тастан ыы Ro f 58.6 


The three Pacific coast states, with 4.6 per cent of the popula- 
tion, have 12.3 per cent of all the central station power in the 
United States. Of this, nearly 60 per cent or 7.2 per cent of all 
central station power in the country is hydroelectric. 


( 
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Now, what are the possibilities? In Water Supply Paper 234, 
United States Geological Survey, Mr. M. O. Leighton gives some 
estimates of the potential water power of the United States. 
Although his paper is entitled ‘Undeveloped Water Powers,” his 
estimates appear to cover the total water power possibilities, 
without regard to what portions have already been developed. 
The paper was published in 1909, and the estimates probably 
correspond to the data at hand іп 1908. Тһе state of Pennsyl- 
vania is expressly excluded as information was not available to 
permit an estimate for that state. Two estimates were made— 
one, regarded as the absolute minimum, based on the stream 
discharge “юг the lowest two consecutive seven-day periods іп 
each year;" the other, described as “assumed maximum,” being 
the quantity which could be generated during six months in the 
year. Neither estimate takes any account of storage. 

The first is stated as 36,916,250 h.p., and the second as 66,518,- 
500 h.p. Mr. Leighton estimates further that, by the use of all 
practicable storage sites, the grand total of possible water power 
development in the United States will be at least 200,000,000 h.p. 

These estimates include a minimum of 5,800,000 h.p. and 
"assumed maximum” of 6,500,000 h.p. for the Niagara river. 
Under present treaty provisions, not more than 25 per cent of the 
possible power at Niagara falls can be developed, and of this the 
United States is entitled to only about 36 per cent. 

In 1912 the Commissioner of Corporations revised Mr. Leigh- 
ton's estimates by making the above correction for the Niagara 
river, adding 331,000 h.p. for Pennsylvania, and 117,750 h.p. for 
some other changes, and cutting one-sixth off the whole thing for 
good measure, arriving finally at the following figures: 


Assumed 
Minimum maximum 
h.p. h.p. 

North Atlantic............... 2,225,000 -4,092,000 
South АЧапис............... 2,344,000 4,256.000 
North Сепїга1................ 1,733,000 _ 3,558, 000 
South Сепёга|................ 1,438,000 2,785,000 
Wester uiis ht ol ees 18,996,000 36,707,000 
United States............ 26,736,000 51,398,000 


The Commissioner refused to consider the possibility of greater 
development by storage. He says: “Апу estimate including 
storage, therefore, must be mainly theoretical.” Just what Һе 
means is not clear, but his purpose in omitting an important 
element in power development is obvious. 
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The above figures are not particularly reliable. They are 
largely speculative, and are based on very meagre data and grossly 
inadequate surveys. Moreover, the motive underlying the es- 
timates of the Commissioner of Corporations was not honest. 
However, we may accept them, tentatively, and see to what con- 
clusions they will lead us. 
The following table gives the installed water powers side by 
side with the minimum potential power as estimated by the Com- 
missioner of Corporations: | 


Minimum poten- Installed 
tial power power 
North Atlantic........... 2,225,000 h.p. 2,134,000 h.p. 

South Atlantic........... 2,344,000 “ 589,000 “ 
North Central............ 1,733,000 “ 729,000 “ 
South Central............ 1,438,000 “ 79,000 “ 
Western............ ЖҮКТІ 18,996,000 “ 1.229,000 “ 
United States........ 26,736,000 “ 4,760,000 “ 


It appears from this table that the north Atlantic states have 
practically exhausted all their available water power, notwith- 
standing the Niagara developments aggregate only about 270,000 
h.p. on the American side, instead of the 518,000 h.p. included 
in the Commissioner's estimate. Тһе south Atlantic states still 
have a possible 2,000,000 h.p., and the central states about 
2,000,000 h.p. more, but nearly all the water power possibilities 
of the future are west of the eastern boundary of Colorado, where 
there yet remains, even by the minimum estimate, and with no 
allowance for storage, nearly 18,000,000 h.p. undeveloped. On 
the basis of the “assumed maximum," the undeveloped possible 
water power in the western states exceeds 35,000,000 h.p. 
What this would be if storage possibilities were considered, I do 
not know. 

The three Pacific coast states alone contain about 45 per cent 
of the potential water power of the country. "Their aggregate 
present development is about 880,000 h.p., leaving possibilities 
from a minimum of 10,524,000 h.p. to an "assumed maximum” 
of 22,298,000 h.p. without considering storage. 

The “assumed maximum” of potential water power, as esti- 
mated by the Commissioner of Corporations, is rather in excess 
of the present total installed primary power of the United States, 
including the equivalent of the steam locomotives now in service. 
This, however, is not to say that if all of this water power were 
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now installed, the steam plants would cease to operate. Seventy 
per cent of the possible water power isin the western one-third of 
the country, with 7 per cent of the people. No matter what the - 
population may become numerically, it is probable that fully one- 
half will always, as now, live in the great Mississippi basin, for 
this isthe region best adapted to the production of the staples of 
agriculture and animal husbandry. We are not justified in an- 
ticipating such improvement in the art of transmission as will 
permit the use along the Missouri river of power generated in the 
Mountain and Pacific states. I do not know the longest trans- 
mission line now in operation—someone is always going his prede- 
cessors one better—but probably the 238-mile (383.02-km.) line 
of the Southern Sierras Company is the limit of present practise. 
Let us suppose that power might be transmitted 500 miles 
(804.6 km.) with а reasonable loss. А belt 500 miles wide with 
the summit of the Sierra Nevadas as its western limit would have 
as its eastern boundary a line passing near Great Falls, Montana, 
Pocatello, Idaho, across the western edge of Great Salt Lake, 
crossing about the middle of the southern boundary of Utah, and 
near Gallup and Silver City, New Mexico. Clearly, no conceiv- 
able development in that belt of country would ever call for the 
use of 10,000,000 to 22,000,000 h.p. How would you like to be 
the grinding monopoly to own all these power sites and pay taxes 
on them until such time as you might develop them with a reason- 
able chance to earn more than their fixed charges and cost of 
operation? This is the “bogie man” with which our conservation 
friends are trying to frighten us. 

What is to become of all this power if it shall ever be developed? 
The present fixed installed primary power of the United States, 
including steam locomotives, is between four-tenths and five- 
tenths of a horse power per capita. Оп this basis the minimum 
potential water power іп the Pacific coast states alone would pro- 
vide for a population of twenty to twenty-five million people 
west of Great Salt Lake. What would they do? They would 
be much in the position of the Irish woman and the Chinaman 
who were ship-wrecked on a desert шонг made money 
doing each other's washing. 

Every important hydroelectric enterprise from the first Ni- 
agara installation to the Keokuk plant, has been financed on the 
basis of an existing market for at least a part of the output. No 
responsible banking house will listen to a power scheme which 
can not show a market in sight sufficient to pay fixed charges. 
The Niagara Falls Power Company wasfinanced on the power con- 
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sumption in Buffalo and other nearby cities. The Standard 
Electric and the Bay Counties Power Company, as well as other 
properties now belonging to the Pacific Gas and Electric Corpor- 
ation, had their markets in sight around San Francisco bay. 
Snoqualmie Falls had Seattle, Tacoma and the entire Puget Sound 
district. The McCall Ferry plant is only seventy miles (120.7 km.) 
from Philadelphia, and the Mississippi River Power Company 
had a 60,000 h.p. contract with St. Louis before work was begun 
at Keokuk. 

бо it has been with all of them, but it can not continue to be if 
anything like the enormous quantities of power above mentioned 
are to be developed within limited areas. We must go back to 
something like the methods of early New England days. We 
must choose those industries in which power is the all-important 
element, locate them within transmission distance of the power 
sites, and then finance the industries by virtue of their own 
. Strength, regarding the power merely as an adjunct. This is in 
strong contrast with the method of building a power plant and 
then waiting for someone else to build the factories and buy the 
power. 

Up to this time our power development has always followed a 
demand instead of seeking to create it. This has not been so 
generally true elsewhere, nor have we followed the same method 
in other activities. Тһе Union Pacific railroad would be non- 
existent today if its promoters had waited for the Indians to 
petition Washington for improved transportation facilities. The 
coal range would still be in universal use if the gas range had not 
been put on the market until the housewives clamored for it. 

In the United States most of our power has been used to meet 
the every-day demands for light, heat, transportation and the 
operation of such industries as are incidental to city life. Out- 
side of Niagara Falls, we have not developed any electro-chemical 
or electro-metallurgical industries worthy the name. Abroad it 
has been quite different. Тһе Norwegian Nitrogen Company, 
for example, located its plants near the power sites, developed 
power, not as an end in itself, but as an adjunct only, and built 
up an enormous industry where before there had been nothing. 
In 1913 it had in operation 260,000 h.p. used solely for the fixa- 
tion of atmospheric nitrogen, and had planned the development 
of 280,000 additional h.p. Тһе furnace and process by which 
this is done were not invented until 1903. 

In 1910 there were in the French Alps operating water power 
plants aggregating 475,000 h.p., 80,000 h.p. more under construc- 
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tion, and 700,000 h.p. projected. Of the power produced at that 
time, 210,000 h.p. was consumed in electro-metallurgical work 
and 60,000 h.p. in electro-chemical industries. These made up 
57 per cent of the total. Of the remainder, 30,000 h.p. was used 
in the paper and wood industries, and 165,000 h.p. for commercial 
power, light and traction. Тһе distribution of this power among 
the industries 15 significant. 

It has often been said that fixation of atmospheric nitrogen is 
not practicable in the United States because of the high cost of 
power. Let us look into this briefly. Nitrate of soda costs 
$70.00 perton (1 long ton=1.01 metric ton) in New York. 
This is equivalent to $95.00 per ton for pure nitric acid. The 
operations in Norway and elsewhere produce about 500 kg. 
(1,102.3 lb.) of nitric acid per kw-yr., or 1.82 kw-yr. per ton of 
acid. : 

The Mississippi River Power Company supplies power to St. 
Louis at $24.00 per kw-yr. at-60 per cent load factor. At this 
rate the power necessary to produce one ton of nitric acid would 
cost about $44.00. "The margin between this and a selling price 
of $95.00 1s sufficient to warrant a very careful inquiry before ac- 
cepting the statement that “‘it can not be done." 

The greater part of the hydroelectric power in the French Alps 
devoted to electro-metallurgical work, is used for the manufacture 
of special alloys, such as ferro-tungsten, ferro-molybdenum, ferro- 
titanium, etc. The Paul Girod works alone produce more than 
two million dollars worth of these alloys annually. Тһе western 
part of the United States 1s as well supplied with the raw mater- 
ials for such manufacture as any part of the world. 

In northern California the production of pig iron in the elec- 
tric furnace was inaugurated about six years ago. This exper- 
iment has been attended with considerable technical successs 
though with what commercial results I am not advised. Doubt- 
less that and similar enterprises elsewhere will ultimately succeed. 
When they shall do so, their demand for power will be very large. 

Such and many other industrial undertakings will grow up in 
the western part of the United States when a Federal policy of 
encouraging business enterprise and initiative shall take the place 
of the present obstructive tactics whose justification is attempted 
on the ground that someone may corner 22,000,000 h.p. in water 
falls, and that the world would then freeze to death in about 
five thousand years. When that freezing takes place, certain 
Federal bureaus and officials will not be suffering from the cold. 


To be presented at the Fifth Midwinter (Convention 
of the American Institute of Electrical Engineers 
New York, February 14, 1917. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


INTERNAL' TEMPERATURES OF A. C. GENERATORS 
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BY RALPH KELLY 


ABSTRACT OF PAPER 


The paper deals with the internal temperatures of a number of 
typical large a-c. generators; this temperature being measured 
by a thermo-couple placed between armature coils in the same 
slot and in the center of the core. The difference between these 
measured internal temperatures and the corresponding surface 
temperatures in the tests given varies from 0 deg. to. 35.5 deg. 
This wide divergence is explained by the aid of the tests and of 
calculations. А method of calculation for internal temperatures 
is given which is based on simple heat laws and on data obtained 
from many tests. By means of the tests and of parallel calcula- 
tions, the effect on the internal temperature of changes in fre- 
quency, core length, thickness and quality of insulation, arma- 
ture current density and core densities, is explained. The 
capacity of the end windings to dissipate heat from the center 
of the core is also discussed. In conclusiqn, it is stated that 
although the wide divergence between surface and internal tem- 
peratures of different classes of generators 15 regular and can be 
justified, yet it is plain that there is no one average figure that 
can be used for that difference for all classes of a-c. generators. 


HERE have been many attempts, more or less unsuccessful, 

to establish average figures representing the difference 
between internal and surface temperatures of different classes 
of a-c. generator stators. When test results from a large number 
of generators are reviewed, the engineer's first conclusion 1s apt 
to be that there is no relation or consistency between tempera- 
tures measured by thermometer and by thermo-couple. One 
generator may have a difference between inside and outside 
temperatures of only a few degrees while in others a difference 
of fifty degrees and more may be found. | 
-If, however, these test results are checked by calculations 
based on fairly simple laws of heat flow, it will be found that these 
widely varying results can be satisfactorily explained and shown 
to be consistent. Such a comparison will also explain why 
attempts to establish average figures are fore-doomed to failure. 
Frequency, voltage, quality of insulation, copper and core 
densities, shape of slots, and core length, all have a bearing on 
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the drop in temperature from the inside to the outside of the 
stator. With so many factors affecting the temperature drops 
there is no average figure that can be used for the difference 
between internal and surface temperatures for all classes of a-c. 
generators. 

In the following pages such a comparison of typical test results 
and the corresponding calculated temperatures is given. Тһе 
test figures have been selected for this purpose from some fifty 
odd tests that have been made under full-load current and volt- 
age conditions on generators ranging in size from 1000 kv-a. 
to 20,000 kv-a. and in speed from 100 rev. per min. (in vertical 
waterwheel generators) to 1500, 1800 and 3600 rev. per min. 
(іп turbo generators). In one 
series of tests measured tem- 
peratures are available under 
different load conditions and 
at all important parts of the 
slot and core. In the other 
only the maximum internal 
slot temperature and the sur- 
face temperature readings are 
available. In such cases, how- | 
ever, if the calculated and 
tested temperatures agree 26 Rad Suri. 
reasonably, the calculated Fic. 1—SEGMENT ОЕ CENTRAL 
temperature at the inter- PACKAGE WITH UNIT РАСКАСЕ SE- 
me diate points in the heat LECTED SHOWN IN DETAIL AT RIGHT 
path may be considered reliable. We may confidently use these 
test temperatures and these calculated temperatures, checked 
Бу test, to show the magnitude of the effects of the different 
factors on the internal temperatures. 

In obtaining the calculated results, a part of the armature 
laminations included between two adjacent air ducts, and one 
tooth pitch in length, is selected fo: analysis. This portion of the 
armature with the parts of the armature coils embedded in it 
will be termed in the paper “а unit package," Fig. 1. As the 
losses in al. unit packages are practically identical, the one in the 
center of the core is chosen for analysis because the internal 
temperature rise is usually the highest in that unit package. 
The losses are calculated under load conditions in the armature 
conductors and in the different sections of the armature lamina- 
tions included in this unit package. The method of temperature 
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calculation used is essentially a cut and try method. A probable 
armature copper temperature in the central unit package 1$ first 
assumed ; the flow of heat to the air ducts, armature tooth, and 
to the coil ends 1$ then calculated. If the assumed copper tem- 
perature is correct, the heat flow from the copper to the tooth 
determines the temperature drop across the insulation and the 
temperature of the armature tooth. The laminations of the unit 
package are divided into sections to facilitate the calculation of 
the heat flow through the core. With the tooth temperature as 
a basis the heat flow from section I to the air ducts, to the air gap, 
and to section II is determined. This procedure is followed 
.from section to section until the rear of the core is reached when 
if the proper initial temperature has been assumed the total 
loss will have been dissipated to the cooling air. If the loss 
dissipated 1$ greater or smaller than the actual loss in the unit 
package, a new trial temperature must be assumed and the 
calculation repeated. 

Table I gives the calculated and test temperatures with other 
data for four generators that are similar іп design except for 
frequency and core length. In test 1, 2 and 3 the temperature 
measurements were made by thermo-couple at several points 
of the unit package for three conditions of load. In tests 4, 5, 
and 6 only the internal copper temperature and the surface 
temperatures were measured. Тһе close agreement of the cal- 
culated and tested temperatures in these last three tests justifies 
the use of the calculated temperatures for the intermediate 
parts of the unit package in discussing the effect of different 
factors on the internal temperatures. While the tested internal 
copper temperatures vary from 36 deg. to 93 deg. the average 
difference between the tested temperatures and the corresponding 
calculated temperatures is less than 3 deg. 


METHOD OF CALCULATION 


The object of the calculation is to determine the maximum 
measurable temperature to which the armature insulation is 
subjected, which in practise ‘s usually the temperature measured 
by thermocouple placed between coils in the same slot and in 
the center of the core. This temperature is calculated by the 
use of simple heat laws and of empirical data based on a large 
number of experimental tests. The capacity of air-cooled sur- 
faces to dissipate heat, the correct velocity of air passing over 
the air-exposed surfaces of.a generator, the temperature rise 
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of that cooling air, and the heat conductivity of the heat con- 
ducting paths of a generator, must be determined in order to 
calculate this temperature. The calculation applies only to 
radially ventilated salient pole generators with enclosing end 
bells. For other types of generators suitable changes, based on 
appropriate test data, must be made in the calculation. 

The temperature rise of an air-cooled surface varies with the 
air velocity and may be determined when the relation between 
the air velocity and the heat dissipated per unit surface per 
degree rise are known. It is assumed that the heat dissipated 
from a surface at any given velocity increases directly with the 
temperature rise, which permits the use of the equation 


W-L (1) 


W = watts radiated per sq. in. of surface. 
T temperature rise of surface above cooling air. 
K a constant depending on the air velocity. 


The data for the constant K (Fig. 3) has been determined 
from tests where air at different velocities has been passed over 
heated surfaces. 

In Table I the air velocities through the armature core are tab- 
ulated with the corresponding values of K. Inlong core machines 
with enclosing end bells insuring practically uniform velocities 
in the air ducts, the following values generally apply: 

(a) Тһе velocity of air in the air gap is 75 per cent of the 
peripheral speed of the rotor. 

(b) Тһе velocity of air in the air duct at the tooth is 30 per 
cent of the peripheral speed. 

(c) The velocity of air at the back of the core is 75 per cent 
of the air-duct core velocity. 

These values are by no means constant but should be varied 
with different methods of ventilation as well as different propor- 
tions of the armature core. They are based on measurements 
taken on a number of generators and checked, іп. common with 
the other constants involved, by the agreement between cal- 
culated and test temperatures. 

The losses generated in all unit packages are practically 
identical. For convenience in calculation this unit package is 
divided into sections as shown in Fig. 1; the dimensions shown in 
Fig. 1 are taken from the generator in Test 1. The iron and 
copper losses under load conditions are calculated for each sec- 
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tion. Ап allowance 1$ included for increased saturation due to 
the influence of the armature reactance, for eddy current losses 
in the conductors, and when operating at high power factors, 
for distortional losses. Recognizing that the density іп the core 
is not uniform, the distribution of the loss across the core depth 
is assumed to vary in such a manner that the loss in the section 
next to the bottom of the slot is greater than the loss at the 


pole pitch + core depth 


rear of the core by the ratio pole pitch 


In long 


core machines there is a negligible flow of heat from the central 
unit package to the coil ends, so that the watts generated in that 
unit package must be dissipated through the medium of its own 
surfaces exposed to the cooling air. In short core machines the 
heat flowing to the coil ends from the central package should be 
calculated and deducted. | 

The cooling air in passing through the machine has its tem- 
perature raised by the losses that are dissipated to it. Тһе 
amount by which the temperature of the cooling air is raised 
before it reaches the first section of the unit package may be 
calculated from the fact that 1 kw. of energy dissipated to 100 cu. 
ft. (2.8 cu. m.) of air at an initial temperature of 25 deg. cent. 
will raise the temperature of that air 18 deg. cent. in one minute. 
The temperature rise of cooling air from section to section may 
be calculated similarly. Due to the rise of cooling air through the 
air duct, a correction is made for the flow of heat toward the slot 
from the back of the core by taking a proportionate number of 
watts from the rear section and arbitrarily adding them to the 
losses in the first section. 

In figuring the heat flow through the package, the following 
constants are used for heat conductivity through the different 
materials. 

Lengthwise in iron laminations 1.1 watts per cu. in. per deg. 
cent. | 

Crosswise in iron laminations 0.045 watts per cu. in. per deg. 
cent. 

Insulation,*.0.0025 to 0.005 watts per cu. in. per deg. cent. 

Copper, 8 watts per cu. in. per deg. cent. 

The heat conductivity of the insulation not only depends on 
the materials used but depends greatly on the compactness of 


*'Heat Path in Electrical Machinery", Harold D. Symonds and 
Miles Walker, Journal I. E. E., Vol. XLVIII., 1912. 
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the coil. In a loosely wound coil with minute air spaces, a low 
value of conductivity must be used. | 

As the first step in the calculation of heat flow, the temperature 
rise of the copper above the inlet air is assumed. The heat 
generated in the armature conduetors included in the central 
package must be transferred to the air duct, to the coil ends, or 
tothe armature iron. The temperature drop through the insula- 
tion for a given watt flow per 1 in. (25.4 mm.) length of coil is 
expressed by 


_ single wall thickness of insulation X watts conducted. 
~ mean periphery ofcoil insulation X conductivity of insulation. 
| (2) 


Using equations (1) and (2) the loss transferred from the copper 
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ACROSS LAMINATIONS AIR COOLED SURFACES 


to the air at the air duct may be determined by trial. The 
temperature difference between the copper and the iron to per- 
mit the transfer to the iron of the remaining loss is calculated 
from (2). This energy is divided equally among the three 
sections of the tooth. 

In determining the temperature difference between the copper 
and tooth it must be considered that the temperature of the iron 
of a unit package varies along its length. In any unit package 
the heat that is radiated to the air duct must be conducted across 
the laminations. To permit this flow there must be a tempera- 
ture difference between the laminations at the center of the unit 
package and at the air duct. The center of the unit package 
(Fig. 2) is the neutral plane of heat flow and consequently the 
hottest part of that package. The heat flow from the copper 
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to the iron is then variable. This flow varies along the length 
of the unit package, being small, if any at the center and increas- 
ing from point to point to the air duct. The temperature rise of 
the laminations in the unit package is assumed to be a straight 
line. From this assumption it develops that the temperature 
difference previously calculated between the copper and iron 
is the temperature difference between the copper and the lamina- 
tions midway between the neutral plane and the air duct. The 
heat dissipated to the air duct from section I 1$ calculated by 
trial from (1) and from 


W L 
| Y= 0.045 ХЕ 
Г = temperature difference between the plane of average 


temperature and the air duct iron. 
W watts flow per sq. inch from section I to air duct. 
L = unit package length. 


This last calculation also determines the temperature of the 
neutral plane. Іп figuring the air-duct dissipating surface, 
one-half the surface of the air-duct spacers is considered as 
effective radiating surface in addition to the surface of the lamina- 
tions at the air duct. From the temperature of the neutral 
plane and equation (1) the heat flow from section I to the air gap 
“сап be calculated. 

The difference between the total watts in section I and the 
watts dissipated to the air ducts and gap must flow to section II. 
It often occurs that more than the total watts are dissipated 
from section I to the cooling air in which case there 1$ a flow from 
section II to make up the deficiency. This heat flow from sec- 
tion I to II or vice versa causes a temperature difference from 
which the maximum temperature of section II is determined. 
Тһе total watts in section II consist of the watts from section I 
the watts from the armature copper, and its own loss. Тһе 
same procedure is followed as іп section I, except that all of the 
loss dissipated to the cooling air must be by means of the air 
ducts alone. 

This procedure ts followed from section to section until the 
calculation for the last section is completed when, if the correct 
copper temperature has been assumed, all of the loss will have 
been dissipated. If there is any energy loss remaining that has 
not been dissipated, a higher copper temperature should be 
assumed; if there is not enough loss to satisfy the condition, a 


1917] KELLY: INTERNAL TEMPERATURES 111 


lower temperature should be assumed and the calculation re- 
peated.* 

The effect of various generator proportions and characteristics 
upon internal and surface temperatures and on their relative 
values, based upon actual test data and data obtained by the | 
use of this method of calculation, will be discussed in detail in 
the following paragraphs. 


EFFECT OF FREQUENCY 


In Table 1, the 50-cycle generator, test 6, has practically the 
same core length and armature densities as the 25-cycle genera- 
tor, test 4, yet its internal copper temperature rise measured by 
thermo-couple is 57 deg. cent. higher than that of the 25-cycle 
generator. 

The maximum temperature rise of the copper above the inlet 
air is the maximum temperature rise of the armature tooth in 
the center of the core plus the temperature drop through the 
armature insulation at that place. The maximum temperature 
rise of the armature tooth depends to a small extent on the heat 
flowing to the tooth from the copper and largely on the iron loss 
in the teeth and core. 

The difference in the internal temperature rises experienced 
in generators of different frequencies is caused mainly by the 
difference in the core loss. In the 50-cycle generator the losses 
are considerably greater than in the 25-cycle generator, even 
though the core densities in the 50-cycle generator are slightly 
smaller. The temperature difference in the two machines due 
to the increased iron loss caused by the higher frequency is 
accounted for very nearly by the temperature rises in section I 
of the tooth. These rises are 70.8 deg. cent. for the 50-cycle 
generator and 33.1 deg. cent. for the 25-cycle generator, as 
compared with the corresponding measured copper temperatures 
of 93 deg. cent. and 36 deg. cent. It is noted that the difference 
between the armature-tooth temperature rises for the two 
generators is somewhat smaller than the difference of the thermo- 
couple temperature rises; this being due to a greater temperature 
drop through the armature insulation in the 50-cycle generator 
caused by a greater flow of heat from the copper to the iron. 

The 50-cycle generator, test 1, may also be compared with 

*This form of temperature analysis was devised by Mr. B. G. Lamme 


a number of years ago, and was more completely worked out and ap- 
plied by his assistant, Mr. F. T. Hague, in 1913. 
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the 25-cycle generator, test 4, to show the effect of frequency on 
internal temperature rises. Тһе comparison is not as direct 
as in the previous case, for, although as before the armature 
densities are practically the same in both cases, the core length 
of the 50-cycle generator is roughly one-haif that of the 25-cycle 
generator. Yet, in spite of this advantage, the 50-cycle generator 
armature-tooth temperature rise is much higher than the same 
temperature rise of the 25-cycle generator, although the difference 
is not as great as in the previous case. The reasons for the 
difference in temperature of the two 50-cycle generators will be 
discussed later. 

If the 50-cycle generator, test 6, were operated at 60 cycles 
with the same armature densities, the additional losses caused 
by the higher frequency would increase the temperature rise 
measured by thermo-couple to a still greater value than 93 deg. 
cent. Thus, in comparing the two generators, tests 4 and 6, on 
the basis of the extreme commercial frequencies of 25 and 60 
cycles, the differences in internal temperature would be even 
greater than on 25 and 50-cycle basis. 

From the test results in column 4 it is evident that in large 
25-cycle water-wheel generators the internal temperature will be 
approximately the same as the copper thermometer temperature 
and will always be relatively low. This is confirmed by several 
tests on 25-cycle generators; for examp e: 


Surface Internal 
Rating Phase Rev. per min. | Volts temperature | temperature 
rise rise 
12000 kv-a....... 3 116 11000 47 47 
12000 Ку-а....... 3 94 11000 27.5 33 
4500 Ку-а....... 1 500 11000 45.5 55.5 
7640 Һ.р........ 3 375 13000 31.5 35.5 
3 1500 6600 22 31. 


6250 Ку-а....... 


For 50 or 60-cycle maximum rated generators there is always a 
large difference between thermometer and thermo-couple read- 
ings. The thermometer readings in many cases are not appre- 
ciably greater than for 25 cycles but the thermo-couple readings 
show a large difference over those for the lower frequency. 


EFFECT or СовЕ LENGTH 
A change in core length affects the internal temperature in 
two ways; it changes the volume of armature material to be 
ventilated and to a lesser extent it changes the proportion of 
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heat transmitted to the coil ends. Of the two effects the change 
of armature material to be ventilated with a change of core 
length is the most important. With a given pole arrangement 
the inlet area, between the poles, for the armature ventilating air 
is fixed. Ап increase in core length, with other conditions 
remaining the same, results in а proportional increase in the 
armature losses. Тһе volume of cooling air through the fixed 
inlet area remains practically constant with a given fan pressure 
so that there is less cooling air per kw. loss than before and 
consequently the temperature rise increases. In the case where 
a given generator is increased in core length and it is required 
that the temperature rise be kept constant, it is often possible 
to change the ventilating fans to increase the air pressure, which 
results in an increase in air volume. This increase is usually 
not commensurate with the increase in armature loss, so that 
this loss must be reduced by using more material. This makes 
it evident that there is a definite core length іп radially venti- 
lated generators for each number of poles and each rotor diameter 
that it is inefficient to exceed. 

The end coils which are directly exposed to the cooling air have 
the capacity to dissipate heat; this capacity varying with the 
temperature difference between copper and air, theair velocity, 
and with the quality and thickness of the insulation. With the 
heat dissipating capacity of the coil ends constant, it follows 
that with an increase in core length the heat flow decreases 
from the center of the embedded armature coil to the coil ends. 
For long-core generators, t.e., generators with a core length 
greater than 30 in. (76.2 cm.), it has been found by checking 
a number of tests, that with a normal winding practically no 
heat flows from the center of the coil to the coil ends. On the 
other hand in short-core generators an appreciable part of the 
"buried" copper loss will be dissipated from the coil ends. 

The two 50-cycle generators, tests 1 and 6, afford an excellent 
example of the increase in temperature rise with an increase 
in core length, other conditions remaining practically the same. 
The temperature increase of the long-core generator, test 6, of 
19.7 deg. cent. more than the generator, test 1, is caused prin- 
cipally by the poorer ventilation of the long-core generator due 
to its greater core length. Тһе coil ends but slightly affect the 
temperature difference in this case, for in one generator only 
10 per cent of the "buried" copper loss of the central unit package 
is dissipated to the coil ends while in the long-core generator 
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practically none of that loss is conducted from its central unit 
package to the coil ends. 


*EFFECT OF ‘THICKNESS, COMPACTNESS AND QUALITY OF 
INSULATION 

In long-core a-c. generators the flow of heat from the armature 
copper to the cooling air is through the insulation to the lamina- 
tions, so.the temperature drop through that insulation is an 
important factor in determining the internal copper temperature. 
This temperature drop varies inversely as the heat conductivity, 
which in turn depends on the compactness and quality of insula- 
tion. The numerical value of the heat-conductivity of armature 
insulation varies over а broad range, being different even in 
samples made up of the same insulating materials; this difference 
being due to the effect of air pockets in the insulation. "Tests 
made by H. D. Symonds and Miles Walker, previously referred 
to, illustrate the great effect of air pockets on the value of heat 
conductivity of insulation. In these tests the heat conductivity 
of insulation composed of empire cloth and mica wound tightly 
was almost double that of the same material wound loosely. 
These tests, checked by the calculations of generators, indicate 
that the heat conductivity of armature insulation varies within 
the approximate limits of 0.0025 to 0.005 watts per cu. in. per 
deg. cent. The lower value is for hand wrapped unimpregnated 
insulation and the higher value for compact machine wrapped 
insulation. 

The temperature drop through armature insulation also 
varies with the thickness of the insulation. This means that the 
higher the voltage of a generator for a given heat flow the greater 
will be the temperature drop across the insulation providing the : 
same type of insulation is used. 

Ih the generators under discussion the armature insulation for 
the one in tests 1-2-3 consists of mica and fibrous material; the 
entire coil being hand wrapped and thoroughly impregnated to 
eliminate as completely as possible minute air spaces. The con- 
ductivity constant used for this material is 0.004 watts per cu. 
in. per deg. cent. which, in test 1, results in an average tempera- 
ture drop in the central unit of 22 deg. between the copper and 
iron. 

For the generator in test 5, the armature coil is made up of 


*“Rational temperature guarantees for large a-c. generators", Е. D. 
Newbury Рвос., А. I. E. E., Nov. 1916 
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stranded conductors insulated from each other with asbestos 
and mica, the whole then insulated with a wrapper of thin paper 
covered with splittings of mica. This wrapper is applied while 
heated and under tension, so that when completed the coil is a 
relatively solid mass with a high percentage of mica. Due to the 
use of superior insulation, the insulation thickness is the same 
as in the previous case, even though the voltage:is somewhat 
greater. In this case with approximately the same heat flow per 
square inch as for the generator, test 1, the temperature drop 
through the insulation is only 16 дер. 

If these generators had been wound for 13,200 volts, the 
insulation thickness would be approximately doubled. The 
temperature drop through the insulation would increase approxi- 
mately іп the same proportion to the increase in insulation thick- 
ness, which in turn would increase the internal temperatures. 


EFFECT OF CURRENT DENSITY 


The current density has an important and direct bearing on 
the internal temperature since it largely determines the heat loss 
that must be transmitted through the insulation. The total 
copper loss is the 1?К loss plus the eddy current loss. Neglecting 
the eddy current loss the drop through the insulation in any 
given generator is very nearly proportional to the square of the 
armature current or to the square of the current density. A low 
current density reduces the drop not only by reducing the loss 
but also by increasing the area of the heat path, since a larger 
slot is required for the increased copper section. With a given 
limiting temperature drop through the insulation, the use of 
machine wrapped mica insulation, with its better heat conduc- 
tivity, justifies the use of higher armature copper densities. 

"The test temperatures in tests 1 and 2 clearly illustrate the 
effect of the armature current density on the temperature drop 
_ through the insulation in the same generator. In test 1 with a 
current density of 2180 amperes per sq. in., the armature copper 
temperature rise is 11.6 deg. cent. higher than the maximum 
temperature of section I. In test 2 with a current density of 
1090 amperes per sq. in. the armature copper temperature rise 
is 5.3 deg. cent. lower than the maximum temperature of sec- 
tion I. 

EFFECT ОЕ TOOTH AND CORE DENSITIES 

The tooth and core densities have a similar effect on the inter- 
nal temperature as the generator frequency, since both affect 
the copper temperature through the core loss. 
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Tests 2 and 3 bring out very clearly the effect of increasing 
the saturation of the armature iron, other conditions remaining 
the same. Тһе test conditions for test 4 were exactly the same аз 
for test 3 with the exception that the armature voltage was 
increased 20 per cent which proportionately increased the tooth 
and core densities. Тһе result of this increase was to raise the 
internal coppér temperatures from 39.4 deg. to 59 deg. cent. even 
though the copper loss remained the same. This difference іп 
copper temperatures is very nearly the same as the difference in 
the maximum temperatures of the armature iron; indicated in 
the table by the test temperature of section I. The difference in 
copper temperatures in the two tests is slightly less than the 
difference in the iron temperatures, this being due to a slightly 
increased heat flow іп test 4 from the iron to the copper. Both 
tests and calculations show that a variation of the iron density 
alone produces a change in the internal temperature of the copper 
almost proportional to the change 1n iron loss. 


EFFECT OF THE END WINDINGS ON THE INTERNAL TEMPERATURES 


It has been previously pointed out that the end coils usually 
have the capacity to dissipate heat from the embedded part of 
the armature coil. The test temperatures in tests 1, 2 and 3 
show roughly the effect of this flow under different conditions 
of load for the same generator. In test 1, with a comparatively 
large copper loss, the temperature of the armature copper is 
11.8 deg. cent. higher than the maximum temperature of section 
I indicating a comparatively large flow of the buried copper loss 
from the copper to the iron. In test 2, with roughly one-quarter 
of the copper loss in test 1 and a slightly lower iron loss, the 
armature copper temperature is 5.3 deg. cent. lower than the 
maximum temperature of section I, indicating practically no 
heat flow between the copper and the iron. In test 3, with the 
same copper loss as in test 2, but a greater core loss, the armature 
temperature is 7.7 deg. cent. lower than the maximum tempera- 
ture of section I, indicating that there is a small heat flow from 
the iron to the end coils in addition to that of the buried copper 
loss. | 

The calculation of the heat flows from the central unit package 
to the end windings n these three tests not only confirms the 
test results, but gives more exactly the actual conditions of that 
heat flow. In test 1, 10 per cent of the buried copper loss of the 
central unit package was conducted to the end coils. In test 2 
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all of that loss was conducted to the end coils besides which 0.4 
watts iron loss was conducted from the central unit package 
through the insulation to the end coils. In test 3, all of the 
buried copper loss was again conducted to the end coils, and the 
iron loss conducted from the central unit package was increased 
to 1.4 watt. This is equivalent to approximately 25 per cent 
of the buried copper loss in the central unit package. 

The increase of end winding temperature of 19.6 deg. cent. in 
test 3 over test 2 shows that in fairly long-core machines it re- 
quires the cumulative effect of but a very small watt flow from 
each unit package to raise the temperature of the end windings 
alarge amount. With long-core high-current-density machines 
with a large temperature difference between the center of the 
machine and the cooling air at the end coils, a very small per- 
centage watt flow per inch length of coil will satisfy that difference 
and this flow may be neglected when analyzing the heat flow of 
the central unit package. 


RELATION OF INTERNAL TEMPERATURES TO SURFACE . 
TEMPERATURES 


It has been shown previously in this paper that the maximum 
tooth temperature of a generator is very closely related to the 
internal copper temperature. An inspection of the detailed test 
temperatures in test 1, 2 and 3 will show that the core surface 
temperature measured by thermometer varies almost in propor- 
tion to the tooth temperature. 

A thermometer placed on the armature end coils rises after 
shut down when the flow of the ventilating air is stopped so that 
the recorded test temperature rise of the end coils will be between 
the surface temperature of the coils during running conditions 
and the internal copper temperature of the end coils. This test 
temperature in any machine wil be nearest the operating 
surface temperature or the internal temperature of the end coil 
copper, dependent on the rate of cooling of the generator after 
shut down, on the methods of placing the thermometers on the 
coils and on the degree of sluggishness of a thermometer in 
recording temperature changes. 

The variations incurred in measuring the end coil temperatures 
make the relation between the internal copper temperature and 
the end coil temperature less direct than in the case of the iron 
temperatures. Nevertheless, an inspection of tests 1, 2 and 3 
shows that a change in the internal copper temperature results 
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in a corresponding change in the end coil temperature as meas- 
ured by thermometer. 


CONCLUSION 


The results of the tests in Table 1 show that there is a wide 
divergence between internal and surface temperatures in a-c. 
generator stators. Іп the preceding pages it has also been shown 
that the amount of divergence of the surface temperature from 
. the maximum internal temperature depends mainly on fre- 
quency, core length, and armature voltage. Of the generators 
listed the greatest difference between surface and internal temper- 
ature is found in the 50-cycle generator, test 6; this temperature 
difference being 35.5 deg. cent. Fora generator of the same char- 
acteristics except designed for 60 cycles and 13,200 volts, 16715 
safe to say that the temperature difference between the surface 
and internal temperatures would be approximately 50 deg. cent. 
In the 25-cycle generator, test 4, which is similar to the 50-cycle 
generator, test 6, with the exception of the frequency, the inter- 
nal and surface temperatures are the same. The results of these 
two tests show clearly there is no one value that applies to the 
temperature difference between surface and interna tempera- 
tures for all classes of a-c. generators. Furthermore, it is evident 
from these tests that surface temperatures measured by ther- 
mometer give no indication of the maximum temperature to 
which the insulation is subjected, unless all the factors that 
effect that temperature are given due consideration. 


` To be presented at the Fifth Midwinter Convention 
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New York, February 14, 1917. 
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REACTORS IN HYDROELECTRIC STATIONS 


BY J. ALLEN JOHNSON 


ABSTRACT OF PAPER 


The advantages and limitations in the use of current limiting 
reactors in hydroelectric stations are not so well recognized or 
understood as they аге in steam turbine stations, but it is now 
coming to be realized that their use may be quite as justifiable 
and necessary in the former as in the latter. 

The two beneficial results of reactance, protection and local- 
ization, are distinct; the former being associated with the square, 
and the latter with the first power of the reactance. 

Of two detrimental results of reactance, or limitations to its 
use, one, that of voltage drop, is well understood but the other, 
the reduction of synchronous stability is not so well understood. 

The installation of reactance usually results in a decrease in the 
Stability of synchronism. Such stability may be expressed in 
terms of the angular phase displacement between two groups, 
due to a sudden load disturbance. Practically, complete instabil- 
ity or asynchronism occurs in a large station when the phase 
angle exceeds 90 deg. Тһе asynchronizing effect of a sudden 
load change is approximately twice that of a gradual change of 
the same magnitude. 

The origination of а power surge by sudden loss of load and 
the accompanying hunting oscillation is described. Increased 
reactance increases the amplitude of both the power surge and 
the phase-angle oscillation and also increases the period. A 
certain amount of reactance will result in complete asynchro- 
nism immediately following the load disturbance, and a smaller 
amount may cause troublesome and persistent hunting by 
forced harmonic oscillation of the turbine governors in combina- 
tion with certain hydraulic conditions, such as long penstocks. 

It is shown that these phenomena form a practical limitation 
to the use of reactance, in that the reactances necessary to create 
the conditions described are of thesame magnitude as those often 
indicated for protective and localizing purposes. Тһе actual 
occurrence of a surge is described. 


HE THEORY and practise regarding the use of current-limit- 
ing reactance in steam turbine stations are now fairly well 
established and the advantages and limitations of reactors are 
well understood. Their use in hydroelectric stations, however, is 
not so general, nor are the limitations imposed by such service 
nearly so well understood as are those of the steam station. 
The reasons for this apparent slowness on the part of the 
large hydroelectric stations to realize the benefits of reactance 
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are that the number of such stations is comparatively few, they 
do not in general lend themselves so readily to reactor protec- 
tion, their growth to mammoth proportions has been some- 
what slower, and so long as the principal function of reactance 
was believed to be the protection of the generating equipment, 
the necessity for it in the hydroelectric station was not apparent. 

Recently, however, it has been realized that the chief function 
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хо — resultant reactance of generators alone 
X2 — resultant reactance external to generators 


of reactance is not the protection of the generators but the so- 
called "protection of service" or what the writer prefers 
to call the isolating or localization of disturbances. With 
this new viewpoint it has rapidly become apparent that 
reactance is just as necessary to the hydroelectric stations and 
just as valuable to them as to the steam turbine stations. 

The load of a large hydroelectric station usually divides into 
three groups: 
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First, the existing local industries which adopt electric power 
when it becomes available. | 

Second, industries which build up about the power station, 
due to the availability of power at a low price. 

Third, long distance load supplied to cities within transmission 
distance. 

The requirements of each of these three groups, as well as the 
likelihood of their causing interruptions differ materially, making 
it desirable for their mutual benefit that they be operated from 
separate bus sections, with the consequent sacrifice of simplicity, 
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capacity and flexibility which such subdivision always intro- 
duces. Without, therefore, pursuing this phase of the matter 
further it is at once evident that the hydroelectric station has 
use for reactance, as by its means the whole station may be 
operated in multiple while at the same time the several sections 
may be protected from each other and each section from the 
individual lines which it feeds. Troubles may be localized or 
isolated practically where they originate, without communi- 
cating their evil effects to other points. 

The use of reactance is also often required, especially in older 
stations, for the protection of apparatus other than the gener- 
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ators, such as oil switches and wiring which have been outgrown 
by the expansion of the plant but which cannot readily be 
strengthened or replaced. 

The protective and localizing functions 2 reactance are quite 
distinct. Theformer, since all the evil effects of heavy current,— 
mechanical forces, heating, etc.—are proportional to the square of 
the current, is measured in terms involving the square of the total 
reactance; and the latter is measured in terms of the first power 
of the reactance involved. (See Figs. 1, 2 and 3.) 

Unfortunarely the installation of reactance gives rise to in- 


PERCENT FEEDER BUS VOLTAGE 


2 4 6 8 
PERCENT FEEDER REACTANCE 
Fic. 3— MOMENTARY AND SUSTAINED ISOLATION BY FEEDER REACTANCE 


Momentary generator reactance—20% 
Synchronous generator reactance—50% 

Bus reactance—4% 

20 generators in groups of 4 

All reactances based on rating of one generator 


, 


creased voltage drops and phase displacements under load con- 
ditions which place a limit upon the amount of reactance that 
can be used. Each installation is in this respect a problem by 
itself. (See Fig. 4.) 

Owing to the different natures of the three load groups above 
referred to, and to the diverse character of the apparatus and 
transmission lines required to supply them, it will usually be 
found that the effective localization of disturbances requires the 
installation of reactance in two locations; in the bus between 
sections and in the individual outgoing feeders. 

In connection with the bus reactances a new limitation now 
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appears which apparently has not heretofore been recognized, 
due perhaps to its unimportance in the steam turbine station. 
I refer to the decrease in the synchronous stability of the station 
with the installation of reactance in the bus. | 

'There seems to be a somewhat general impression that the 
. addition of reactance increases the synchronous stability. 
Such, however, is by no means necessarily or even usually, the 
case. It is a more or less well known fact, which however can be 
readily demonstrated (See Appendix A) that the synchronizing 
. power between two generators is a maximum with reference to 
the circuit constants when x/r = У 3,or x = 1.732 7. 

Now consider the constants of a typical hydraulic turbine- 
driven 25-cycle generator of say 10,000-kv-a. capacity at 12,000 
volts. Its armature resistance, is perhaps 0.1 ohm, whereas its 
reactance, perhaps 20 per cent, would be about 3 ohms per phase. 
That is we have herex = 30r. Even allowing for the additional 


Fic. 4—ARRANGEMENT TO CONTROL Bus REACTANCE CURRENT 
By means of selector switches on generators, power transfer through bus reactances may 
be limited. 


resistance of connections, it is obvious that the reactance is 
already far beyond the point of maximum synchronizing power, 
and that any addition, either in generator leads or busses, acts 
to reduce rather than to increase the synchronizing power and 
stability. Between stations widely separated by transmission 
lines of considerable resistance this condition may of course be 
reversed. 

Let us now consider a system consisting of generators con- 
nected in groups, with bus reactances between, which would 
represent a typical large hydroelectric station. In such a sys- 
tem the resistances would be small compared to the reactances, 
and hence will be neglected in the following consideration. (Зее 
Appendix В). Let us assume this system in full operation, each 
group of generators supplying its own feeders, when there comes 
a sudden complete interruption of the load on one group. For 
convenience let us call this group А and the remainder of the 
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system group В. For simplicity let the power factor of the in- 
terrupted load be such that the terminal voltage plus armature 
reactance drop numerically equals terminal voltage. Also 
assume that the turbine gates of group A remain open. Ш is 
apparent that to determine what happens we must consider the 
transient conditions. 

At the instant of interruption the conditions are as shown in 
Fig. 5. 

Е, is the terminal voltage of group A and —E, of group В before 
interruption. | | 
E is the terminal voltage of A at the instant after interruption. 

E; = I, X; is the drop due to load current J) through Xi, 
the internal reactance of group А. The interrupted load is 


P, = E, I, cos 0 


Fic. 5—VEcTOR DIAGRAM OF STABILITY CONDITIONS 


At the instant after interruption the terminal voltage of group 
A leads that of group В by angle В thus producing the voltage 
Е; which is available to circulate a current through x = x1 + xs 
+ x3 the total reactance of groups A and B and the bus, in 
series. The magnitude of this initial circulating current is,— 


= —— = Хї 
П рафа x x ы 


and as it lags 90 degrees behind Е, it is in the same phase po- 
sition as Г, and has a component in phase with E and in phase 
oppostion with —E,. It is synchronizing current, accelerating 
group В and retarding group А. 

The initial synchronizing power flowing from group А to 
group В then is 


P,-El;cos0 = ERZ cos 9 = P, (2) 
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or the synchronizing power immediately following the interrup- 
tion is 2- of the interrupted load. 


The conditions then are as follows: The interrupted power 
Ро is still pouring into the generators of group А from the tur- 


bines. Of this, Ру = Р, — is leaving the generators and ac- 


celerating group В, but the remainder Р, = P,— Р, is being 
applied to accelerate"group А. Аз the ratio of the inertia of 
group А to that of group В, is less than that of Ps to Рі, group, 
А accelerates faster than group B. This results in an increase, 
which we will call,y, іп the phase displacement of group A with 
respect to B and causes an increase in the synchronizing power, 
according to the equation,— 


ын 
рые ВЕ | (3) 
x 

As р, increases, f» (= P,— pi) decreases but still has a 
positive value until the displacement reaches a point where 
р: = Р, At this point all the power input from the turbines to 
group A is being passed on to group B and the acceleration of 
group A with respect to group В ceases. But the acceleration 
now being zero, the speed with respect to group В 15 a maximum. 
From this point on p becomes negative, that is, the energy 
stored in the flywheel effect of group А 1s taken out and passed 
on to group В causing А to retard. Its velocity, however, with 
respect to В being still positive, the phase displacement con- 
tinues to increase, with a resultant increase of the synchronizing 
power, pı, which is now supplied from the stored energy of А 
plus the turbine input Po. 

This increase іп р; and y continues until the speed of group A 
with respect to group B is brought back to zero, that is until 
both groups are again momentarily running at the same speed, 
when 'y is at its maximum value. 

The maximum values reached by р! and y are difficult to 
exactly calculate. While a rigid mathematical determination of 
their values might be of academic interest, an approximate 
solution is of more practical value. Attacking the problem 
therefore in a practical way approximate values may be arrived 
at with various degrees of accuracy in the following ways. 
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First, if we assume that the maximum value of р, is the same 
as it would have been, had it been reached by a straight line in- 
stead of a sine curve; that is, if pı and (В + үу) are united by a 
straight line instead of a sine function, we can apply the usual 
law of the suddenly applied force, that maximum deflection is 
twice that due to the same force slowly applied, or maximum 
reactive force twice the suddenly applied force. 

The suddenly applied force here is Р», (strictly the torque 
produced by Р.). The maximum reactive force then is 2 P; 
which added to the initial force P, gives the total resultant force 
(synchronizing power) at maximum deflection. Тһе maximum 
deflection or angular displacement then is approximately 


(B + y) max = sin-t мэн = мэн (4) 


— 


x 


Second, if we neglect the slight change in speed so that we can 
put torque proportional to power we can immediately equate the 
work done on group A by the turbine with that done by group 
A on group В during the time that “ү is increasing, as at the 
instant when 'y is a maximum the speeds of the two groups are 
again the same and all the energy put into group А has been 
taken out again. (This is strictly true only if group В be of in- 
finite inertia, so that its speed cannot change, but is relatively 
true іп any case.) Since the speed is assumed constant we have 
torque Т = P, times a constant К or T = К Py, whence 

Work done on group A is 


И = T Ym = K Po Ym (5) 
Work done by group A is 


| (8+ ут) 
Wi; = К | fid "Y 
B 
(В ут) 
E. 
K еш (В+ ат 


B 


2ь LE [vers (B + Ym) — vers В] 


_ RE [cos В — cos (B + Ym) (6) 
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Equating | 
И. = W; = К Po Ym = ХЕ [cos В — cos (B + Yn)] 
Р, x 
EB Ym + cos (B + Ym) = cos В (7) 


The values of Ро, x, E and В being known, this equation can 
easily be solved for Ym, the maximum value of y, by trial and 
error. 

Third, the result can be attained by arithmetic integration, 
which practically must be employed when hydraulic conditions 
enter into the calculations, as in the case where there arelong 
penstocks. In an actual case the first method gave (8 + Ym) 
— 48.3 deg., the second method 46 deg. and the third 46.05 deg. 

The synchronizing power f; reaches its maximum value when 


(B + Y) becomes equal to F radians or 90 deg. Therefore if 


(B+ y) exceeds the value 3 ‚ р! begins to decrease, the condition 


becomes completely unstable and the two systems will fall out of 
step. It is therefore essential, 1f this condition 1$ to be avoided, 
that the reactance be so chosen with reference to the other con- 


ditions that (8 J Ym) shall always be less than > radians. 


A mathematical expression for relative stability may be de- 
rived in terms of the angular electrical phase displacement of 
two systems when subjected to a certain definite load disturbance. 
Since sudden loss of full load of one group is possible, and may 
be considered the worst possible case, it appears desirable to use 
this condition as the criterion of stability. For any given case 
the maximum, or 100 per cent, stability will exist with zero exter- 
nal reactance; and zero stability, or complete asynchronism will 
occur when the reactance is such that the maximum phase dis- 


placement due to sudden loss of full load becomes equal Ю- 


radians ог 90 deg. (assuming 'y negligible compared to x). Тһе 


expression for relative stability then becomes 
\ 


Рег cent stability = er 1- == Yn ) 
3 =E 
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It remains to be shown that instability of synchronism 1$ a 
practical limitation. Аза typical illustration I have assumed 
a plant consisting of 20 units of 10,000 kw. each, connected in 
five groups of four generators each, separated by bus reactances. 
Figs. 6 and 7 show the stability conditions when connected, 
respectively, to a closed ring, an open ring, and a reactance bus, 
expressed in terms of the maximum angle of phase difference 
due to sudden total loss of load of one group. Fig. 8 shows the 
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Fic. 6—MAXIMUM ANGULAR PHASE DISPLACEMENT ON SUDDEN Loss ОЕ 


LOAD ОЕ ONE GROUP 
Generator reactance—20% 
20 generators in groups of 4 
Bus reactance—4 95 
Bus reactance based on rating of one generator 
Load power factor 100% 


comparison of protective effect and stability of the reactance 
bus scheme, both expressed іп per cent. These curves are cal- 
culated according to the first method previously stated, and are 
therefore approximate. "They show clearly that the values of 
reactance which will cause instability are about the same as 
those often found desirable for protective purposes. 

Even though the amount of external reactance installed is not 
sufficient to cause complete instability, serious results may, 
nevertheless, result. Тһе period of the oscillation, /, depends 
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upon the moment of inertia of the rotating machinery, the speed 
of rotation and other constants, and for small oscillations is 
given approximately by the formula 


Wr SZ 


1-27 Kon Ep | (8) 


THOUSANDS OF KW. 


ax. Actua қ 
жарыл те В 


а 


2» 


4 6 8 
PERCENT BUS REACTANCE 
Fic, 7—MaxIMuM POSSIBLE AND MAXIMUM ACTUAL SYNCHRONIZING 
POWER ON Loss ОЕ Есіл, LOAD or ONE GROUP 
Generator reactance—20% 
20 generators in groups of 4 
Bus reactance based on rating of one generator 


Where И’ = weight of revolving parts of generators of one 
group. 
r = radius of gyration of generators. 
S = speed of rotation in rev. per min. 
2 = impedance of circuit. 


п = number of phases. 
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Е = volts per phase to neutral. 

р = number of field poles. 

g = acceleration of gravity. 

К = a constant (= 3.5 when W, г and g are in Eng- 
lish measure). 


In the specific case under consideration. 


4 6 8 
PERCENT BUS REACTANCE 
Fic. 8—CoMPARISON ОЕ PROTECTIVE EFFECT AND STABILITY OF REAC- 
TANCE Bus SCHEME 


Generator reactance—20% 

20 generators in groups of 4 

All reactan.e based on capacity of one generator 

Explanation—if reactance exceeds 6.9%, loss of total load on one group will result in 
complete desynchronizing of the group affected 


х 2 
Per cent protective effect — 2 E са) (See Fig. D 


Per cent stability — 100 ( = = 
3 — B 


Wr? = 5,500,000 Ibs. ft.? per generator, or 22,000,000 165. 
ft.? per group. | 

S = 187.5 rev. per min. 

Z = x (since r is negligible compared to x) 

п =3 

E = 6930 (12,000 volts between terminal ) 

р = 16. 

К = 8.5. 
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The periods of the oscillation for the various values of bus reac- 
tance considered are then shown in Fig. 9. Тһе initial values 
are those determined by the instantaneous reactance and the 
final values by the synchronous reactance. .From Figs. 6 and 9 
it is seen that the addition of reactance increases both the period 
and the amplitude of the hunting oscillation. Both of these 
effects tend to aggravate the accompanying gate movements, so 
that under suitable conditions very considerable turbine gate 
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Fic. 9—PERIOD or HUNTING OSCILLATION 


Generator—12,000-volts—187.5-rev. per min.—25-cycles—3-phase 
20 generators in groups of 4—Wr?—5,500,000 lbs. ft.* each 

Bus reactance based on rating of one generator 

Generator reactance—momentary 2095 —synchronous 50% 


movements mey result from and accompany the hunting os- 
cilation. Аз turbine governors operate on the centrifugal prin- 
ciple, the most rapid gate movement occurs when the speed is at 
its maximum departure from normal, which is at the instant 
when the phase displacement and synchronizing power are 
passing through their average values, that is, when the angle of 
oscillation, “у is passing through zero. 

In plants with long penstocks, when the turbine gates move, 
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the first effect is the opposite of that intended. That is, as the 
gates start to close, the sudden retardation of the penstock 
velocity creates additional pressure, which momentarily in- 
creases the power delivered to the turbine, thus causing acceler- 
ation of the turbine where retardation was intended. 

In the particular case chosen for illustration, the turbines are 
assumed supplied through penstocks 322 feet (98.1 m.) long and 
63 sq. ft. (5.85 sq. m.) in area under an effective net head of 
189 feet (57.6 m.). (These values are chosen for convenience 
in calculation. They are not intended to represent exactly any 


actual case.) 
Assuming an efficiency of 80 per cent the discharge will be 
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Fic. 1O—POWER AND HEAD DURING CLOSING OF WATER-WHEEI GATES 


Time for complete stroke 3 seconds 
Length of penstock—322 feet 

Area of penstock—63 sq. ft. 

Net head—189 ft. 


10,000 x 550 
0.746 X 62.5 x 189 X .80 


second and the penstock velocity will be 


— 782 cubic feet (22.13 cu. m.) per 


- — 12.4 feet per second. (8.78 m. per sec.) 


With the governors so adjusted as to make a complete stroke in 
9 seconds, the mean effective increase in head while the gates 
are closing will be 


LXV 322x124 _ 
йа = хі = 322 X 3 = 41.3 feet (12.58 m.) 
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The increase in head increases the velocity through the gates 
and the power for each position of the gate is increased above 
what it would be at a constant head. Fig. 10 shows the values 
of head and power for the above case during the first two seconds 
of the closing stroke. These curves show that for 0.77 of a 
second the power is highe: than the initial value, although 
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Fic, 11— Ромев SURGES OR HUNTING BETWEEN WATER-W HEEL DRIVEN 
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Full lines—wheels without penstocks 
Dotted lines—wheels with penstocks 


during this time the gate has closed to 74.3 per cent of its full 
Open position. Thus it is seen that the oscillation of the gate, 
à quarter cycle out of phase with the synchronizing power oscilla- 
tion, serves to supply positive and negative power to the os- 
cillating system, just at the proper times to keep it in oscillation. 
If the power supplied in this manner exceeds the losses due to 
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the oscillation, the hunting will increase until the supply and the 
losses become equal Fig 11 illustrates the conditions graphi- 
cally for the above specific case as worked out by arithmetic 
integration, showing clearly the time-phase relations between 
the various actions. 

The addition of reactance, therefore, in such a location that 
it may be encountered by the synchronizing current between 
generators or between groups of generators, produces two re- 
sults as affecting the synchronous stability of the system. First, 
it increases the amplitude of the hunting oscillation. This 
makes it more likely that the two systems will twist out of the 
synchronism on the first quarter cycle of the oscillation. Second, 
it increases the period of the hunting oscillation. Тһе combined 
effect of the increased amplitude and the increased period causes 
a wider range of turbine gate movement. The resulting oscilla- 
tion of the gates may cause very appreciable power impulses, in 
time with the hunting oscillation, and in such phase relation 
thereto as to maintain the oscillation indefinitely or possibly to 
increase it to the point where asynchronisr finally results. 

In a certain case where there were 16 generators connected in 
groups of four in an open ring system with 12 per cent reactance 
between groups, capacity of generators about 9000 kw., 12,000 
volts, a surge was started by the sudden rejection from the end 
bus section of a load of about 20,000 kw., and continued until 
the circuit breakers were opened, separating the groups. Тһе 
surging did not confine itself to the section in trouble and the 
immediately adjoining section but was communicated with prac- 
tically unreduced violence to all the sections. Wattmeters con- 
nected in the bus reactance circuits showed more than full scale 
—12,000 kw.—at each oscillation, and this power surged back 
and forth between generator groups about 60 times a minute 
until the switches were opened. Overload relays in the circuits 
set for one second time limit failed to trip the switches owing to 
the rapid reversals of the surges. These surges were accom- 
panied by oscillations of the turbine gates over a range of about 
10 per cent of full stroke. 

The amount of reactance required to create such conditions 
of instability as herein described is of the same order of magni- 
tude as that required for protective and localizing purposes. 
ouch being the case it follows that no installation of current 
limiting reactance can safely be undertaken, at least in a hydro- 
electric plant, without a thorough investigation of the effect of 
such installation upon the synchronous stability of the station. 
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APPENDIX A 
Рвоок THAT MAXIMUM SYNCHRONIZING POWER OCCURS 


WHEN = = V 3. 


Let E be the voltage of one generator or group. 
Then -E (a + jb) will be the voltage of the other generator 


(motor) or group, 5 being the tangent of the phase angle be- 


tween them. 
The resultant or vector sum of these two voltages Бу, is that 
which causes current to flow and has the value 


Е = E—E(a+jb) = E(1—a—jb) (9) 


The current which flows then is, 


E(1—a- jb) 


[= 
r— јх 


_ E(r+jx) ü-a- jb) 


т? + x? 


= mpal l-a tbe tT { (la) e—dr}] (10) 


The synchronizing power then is, 
P,-I[-E(acj = 
ТЕ Е@ +25] =- uiu dere) 


+abx+b {(1—a)x—5b7}] 


2 


ee рт ат аби вх ах - b! r] 


-- TZ ;[ar + Ьх— т (a? + 5) 


№ У 1- а? 


Whence P, = — ра!” + V 1— а? — т] (11) 
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Differentiating with respect to a and equating to 0, 


d P, E | Le 
da Peel’ ур 
rvV1—a-»xa 

r? (1— а?) = х? а? 

7? — reg? = х? а? 


72 


а? = ———À3 
ТР 


Y 
igi orar (12) 


Substituing this value of a in equation (11) gives the equation 
for the maximum value of P, with respect to the phase angle :— 


Р, їз aTe r | 


P, (max) = — =e == ra 


alfa Тай iis! 
He | Ут +x? у т 4 х? 


— XU [V х —r| 


=- E [zzv x 


_ 1 1 


ivi al 
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Different ating with respect to x/r and equating to 0, 


1.2. 2-5 
ар, 7%7 Т dir =й 
E 2 3/2 2° 
ЦЕН) E) 
= х 
T T 
Wesce er X98 pa ҮГС” 
(art) (+1) 
2 
x? Б 
atl 
2 
VŠ 41-2 
x? 
pp does 
x? 
^9 


The writer wishes to acknowledge indebtedness іп connection 
with the above to Mr. H. R. Woodrow. 


APPENDIX B 


Errect oF NEGLECTING RESISTANCE OF GENERATORS AND 
i CONNECTIONS 
The equation for maximum synchronizing power is, 


1 1 
$$ — —_,—_ 
rM = 1-1 (5+1) (13) 


from which values of P, (max) can be determined for assumed 
values of x and 7 : 


If we put r = 0 this equation becomes indeterminate. 


P, (max) = — E? 
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The general equation for P, is, 


=- жүр (@r+sVYT= č- r) (11) 


putting r = 0 


Р,---5 


à ac uc d рас 
== (%У1-а)---- У1-а (16) 


differentiating with respect to а and equating to 0. 


а, Е —)- 
da _- x (+) = 


whence a = 0 
Substituting in (16) - 


ЕВ СТ ттт НЕВЕ (16) 
x x 
Also since when a = 0 the phase angle = — radians or 90 de- 


2 


grees it follows that when 7 is zero the maximum synchronizing 
power occurs at a phase angle of 90 degrees. 

The following table serves to illustrate thelcomparatively small 
error in the maximum synchronizing power due to neglecting the 
resistance in a case where there are two groups of four 10,000- 
kv-a. generators of 20 per cent individual reactance, 12,000 
volts, 3 phase, 187.5 rev. per min., for various values of bus 
reactance between the two groups. 


{ 

} 

Виз Total reactance Max. syn. | Мах. syn. - i 

reactance |-----------| Total power resis. | power res. | Percent ! 

per cent. | per cent Ohms resis. considered neglected error ; 

0 10 1.44 0.042 | 97,300 kw. | 100,000 kw.| 2.77 | 

2 12 1.73 0.048 81,200 “ 83,200 “ 2.47 | 

4 14 2.02 0.054 | 69,400 “ | 71300 “ | 2.73 |! 

6 16 2.30 0.060 61,300 “ 62,600 “ 2.12 | 

8 18 2.59 0.066 54,300 “ 55,600 “ 2.40 | 

10 20 2.88 `0.072 48,800 “ 50,000 “ 2.46 | 

12 22 3.17 0.078 44,400 “ 45,500 “ 2.40 | 

15 25 3.60 0.087 39,000 “ 40,000 “ 2.57 | 
20 80 4.32 0.102 32,700 “ 33,300 “ 1. 84 


It is therefore evident that no appreciable error is made by 
neglecting the resistance in calculating the values for the first 
half cycle of the oscillation. Тһе resistance would of course 
have to be considered in calculating the attenuation during 
subsequent cycles. 
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. PROTECTION OF TRANSFORMER NEUTRALS AGAINST 
DESTRUCTIVE TRANSIENT DISTURBANCES 


BY MAX H. COLLBOHM 


ABSTRACT OF PAPER . 


The paper points out the danger to which the neutral point 
of transformers, connected to long distance transmission lines, 
are exposed through the building up of excessive potentials at 
this point under conditions of atmospheric lightning. This is 
due to the fact that the neutral point in a bank of Y-connected 
transformers acts as a reflection point for all the waves that are 
produced by induced lightning, which waves, at the place of ori- 
gin, have the same amplitude and sign, and, therefore, travel 
with equal speed, considering that the impedance of line and 
transformer is the same for each phase. Thethree waves meeting 
attheneutral point build upto threetimestheir individualpotential 
at that place, thereby producing excessive potential stresses, and, 
according to experience, destruction of bushings and windings. 
The author recommends the installation of lightning arresters 
at the neutral point to provide a discharge path for the excess 
potential, which, according to measurement with a spark gap, 
may reach values of 350,000 volts, and higher. 


[7 IS a well established practise to protect the low-tension 

windings of a transformer through a spark gap, against 
the excessive potentials induced upon it through capacity ef- 
fects between high tension and low-tension windings under 
abnormal voltage conditions on the high-voltage side. There 
also exists, however, a distinct danger to the high-voltage 
side which is not generally recognized and which cannot be 
guarded against by the ordinary types of arresters of Атпег- 
ican manufacture, such as the electrolytic and  multigap 
types, installed in the usual way. This danger is evident from 
the following consideration: 

If during a lightning storm a discharge takes place from a 
cloud above a transmission line, the electrostatic charge, pre- 
viously induced by this cloud in equal quantities and like po- 
larity on all three wires of a three-phase line, is suddenly set 
free and travels in both directions along the line. Inasmuch as for 
all practical purposes the three wires of the same line offer the 
same impedance, and as this is also true of the main power trans- 
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formers on either end of the line, the speed of propagation of the 
released electrostatic charge, or more correctly that portion of it 
which has not been discharged over the insulators or through cor- 
. ona, is exactly alikeinallthree wires. Consequently the neutral 
point of the transformer, if connected in Y, constitutes the reflec- 
tion point for all these traveling waves. If the potential of this 
traveling wave after having reached the station is below the value 
for which the arresters have been set it will pass through the trans- 
formers, and as the charges from all three wires meet at the 
neutral point they build up to three times their individual 
potential at that place. Although the potential difference to 
ground of each individual charge may be below the safe electro- 
static stress of the transformer winding and terminal bushing, 
the combined effect of the triple voltage is likely to produce 
disastrous results. | 

The writer was confronted with this condition in the oper- 
ation of the Peninsular Power Co's. system at Iron Mountain, 
Mich., where the 66,000-volt step-down transformers in the 
Iron River substation showed repeatedly momentary arcing 
from the neutral transformer terminals to the case, a distance 
of three feet (0.91m.) In one instance the arc formed between 
the neutral lead under oil and the transformer iron resulting 
in the burning off of said lead. 

In order to provide a discharge path for this dangerous 
potential a multigap arrester will be installed at the neutral 
point and adjusted to discharge at 42,000 volts. This high- 
voltage setting for the arrester became necessary for the 
reason that the system operates with the transformer 
neutral at the generating station grounded over a metallic re- 
sistance to avoid service interruption in case of accidental 
grounds on one of the line wires and which under such con- 
ditions, otherwise harmless, would produce a potential dif- 
ference of 38,000 volts between transformer neutral and ground. 
A multigap arrester was chosen in place of an electrolytic arres- 
ter in order to avoid the inconvenience of providing for the 
necessary special arrangement and constant attendance for 
the regular charging of the latter. 

On account of the urgent need for protection of the sub- 
station transformer neutral and the present inability of the 
manufacturers to effect short time deliveries, а makeshift 
arrangement has been used to serve until the multigap ar- 
rester is received. This arrangement consists of two zinc 
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balls 5 in. (127 mm.) in diameter, set 6 in. (152.4 mm.) apart, 
each supported by an iron rod and connected to the neutral 
` point and ground, respectively, thus forming a relief gap for 
the transient excess potential. The sphere spark gap was 
chosen on account of its greater sensitiveness under sudden 
impulses as compared with the needle gap. Тһе spheres have 
been made of zinc on account of the arc extinguishing tendency 
of this metal. | 

This arrangement has worked very well during recent light- 
ning storms, when discharges over this spark gap have repeat- 
edly been observed. This proves that protection against the 
above-mentioned transient disturbances can be obtained by 
a shunted spark gap. It is of interest to note that the spheres 
were originally set 12 in. (304.8) mm. apart by error and even 
with this wide setting the previously mentioned discharges 
have been observed, indicating the surprising potential dif- 
ference of about 350,000 volts between neutral and ground. 

It should be noted that the trouble occurred only on the 
transformer neutral in the substation, while no disturbances 
of this nature were observed in the generating station where the 
metallic ground rheostat between transformer neutral and 
ground served to drain off these transient charges. 

The danger from this source is only present in Y-con- 
nected transformers where the neutral acts as a reflection point. 
If delta connection is used on the high-tension side, the incom- 
ing charge divides at each corner of the delta, one-half going 
into one transformer and the other half going into the other 
transformer. .The middle point of each transformer will in 
this case be the reflection point, but the accumulation of po- 
tential at this place will, therefore, not be greater than that of 
the original charge on each line wire at the transformer ter- 
minal. This statement, however, must not be taken to dis- 
pute the fact that potentials higher than that possessed by 
the orignal charge at the transformer may exist within the 
transformer winding, due to the piling up of potential through 
reactance under high frequency or steep wave fronts. How- 
ever, as experience proves that the electrostatic charges 
actually pass through the transformer and build up at the 
neutral point to destructive potentials, it appears that their 
wave front has becorne less steep, due to the impedance of 
the transmission line between the point of lightning discharge 
and the transformer station. From this consideration it would 
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seem that lines of greater. lengths should be more subject. to 
this danger of potential rise at the neutral than those of shorter 
lengths where the impedance may not be great enough to flatten | 
out the transient wave front sufficiently to permit of its passing 
through the windings. In this latter case, however, danger is 
present from abnormal potential rises within the transformer 
due to reactance as mentioned before. 

From the foregoing it is evident that protection must be 
provided for the neutral point of transformer banks, espe- 
cially on long lines. Additional protection can be obtained 
through the installation of condenser arresters, manufactured 
at present in Europe only, on the line side of the transformer 
leads, as they tend to absorb all transient charges having steep 
wave fronts or high frequency and thereby prevent, or at least 
reduce, the danger from abnormal voltage rises within the 
windings. 


To be discussed at the Fifth Midwinter Convention 
of the American Institute of Electrical Engineers, 
New York, February 15, 1917. Presented be- 
fore the Urbana Section May 4, 1916. 
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CORONA AND RECTIFICATION IN HYDROGEN 


BY J. W. DAVIS AND C. S. BREESE 


ABSTRACT OF PAPER E. 


The results of an investigation of the corona discharge between 
co-axial cylinders in an atmosphere of hydrogen are given in 
this paper. 

Both direct and alternating electromotive forces were used. 
The characteristic behavior of the corona is given by means of 
curves, photographs and oscillograms. 

The corone discharge in hydrogen was found to differ from 
that in air in the following particulars: 

The discharge from a negative wire was found to differ widely 
from a positive wirein the magnitude of the voltage necessary to 
start the discharge in the shape of the volt-ampere characteristic 
and also in the stability of the discharge. | 

Corona in hydrogen between concentric cylinders is shown to 
be a practicable method for rectifying high potential alternating 
currents. 

The apparent evidence of ionization potential gradients at 
the surface of the tube and the general character of the visual 
phenomena are discussed. 

А brief statement of conclusions is given. 


HEN а sufficiently high potential difference is impressed 
between two parallel wires, or а wire and concentric 
cylinder, separated by air or some other gas, this gas which for 
low potential gradients is a very good insulator breaks down and 
becomes a partial conductor. Тһе phenomena connected with 
this character of conduction through gases are known collect- 
ively by the name corona. Тһе failure of the gaseous dielectric 
separating the metallic conductors is made evident by a flow of 
current from one conductor to the other, by a power loss and, in 
practically all cases, by the appearance of light at either one or 
both conductor surfaces. In some cases light appears in the 
intervening space. 

Since the present theories as to the mechanism of corona form- 
ation do not satisfactorily account for all of the observed 
phenomena it was decided to carry out further investigations 
in the hope that when enough data were accumulated some theory 
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based on fundamental principles and explaining the observed 
phenomena might be evolved. With this purpose in mind it 
was attempted to simplify the conditions of corona formation. 

A wire and concentric cylinder were used in order to make the 
field radial and to get away from the secondary effects due to the 
high intensity electric field surrounding a second wire. Нуаго- 
gen was used as the dielectric 1n order to minimize the effects 
due to changes in the chemical constitution of the gas. When 
air is used as the dielectric the formation of ozone may produce 
marked changes in the voltage necessary for corona formation. 
Continuous potential was used in order to separate the effects 
accompanying a discharge from a positive wire to а negative 
tube from those which are characteristic of the discharge from a 
negative wire to a positive tube. | 
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APPARATUS 


The continuous voltage used in these investigations was ob- 
tained by means of a battery of forty 500-volt 250-watt contin- 
uous-current shunt-wound generators connected in series. 

These machines are divided into two sets of ten machines 
each and one set of twenty machines, each set being driven by 
belt-connected. continuous-current shunt motor. The genera- 
tors are mounted on insulating bases and the shafts of the sepa- 
rate machines are connected by insulating couplings. In the 
newer part of the installation one terminal of each machine is 
permanently connected to the frame of that generator in order 
definitely to limit the strain on the machine insulation to the 
voltage generated in one armature. 
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The field of each machine is connected directly across the 
armature terminals, a single-pole knife switch being included in 
the circuit in order that the machine may either be made to 
generate ог to run idle at will. These switches were operated by 

means of a hard rubber rod approximately eighteen inches in 
| length, since they may be 20,000 volts above earth potential. 
The generators were run somewhat below rated speed in order 
to limit, to a safe value, the voltage generated with no external 
resistance in the field circuit. | 

The diagrams of connections for the direct-current and alter- 
nating-current tests are given in Fig. 1 and Fig. 2 respectively. 
These are self-explanatory. | 

Instruments. Voltages were measured with a vertical type 


Single Pole Switch 


Stove Pipe Res. 


D.P.S.T.S. 


110 Volts A.C. 
5 Amp. Fuses |. 


To Concentric Wiré 
Oscillograph Element 


Fic. 2.—CONNECTION DIAGRAM FOR HALF WAVE RECTIFICATION 


Kelvin electrostatic voltmeter having ranges of 20,000, 10,000 
and 5000 volts and a Kohl electrostatic voltmeter having a range 
of 3500 volts. These instruments were calibrated from time to 
time by means of an attracted disk electrometer.* The maxi- 
mum error in these voltage measurements for a given voltmeter 
scale reading was less than two percent. The probable error is 
less than one per cent. 

Currents were measured by means of a d’Arsonval galvano- 
meter and Ayrton universal shunt. These were calibrated as a 
unit by connecting them in series with a high resistance and a 
dry cell, the voltage of which has been accurately determined by 
means of a potentiometer. The voltage of the dry cell was de- 


The theory of the attracted disc electrometer. (Trans. A. I. E. E., 
Vol. XXXIII, Part II, 1914, p. 1635.) 
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termined both on open circuit and with the smallest series resist- 
ance used in calibrating the galvonometer connected between | 
its terminals аз a load. Тһе change in terminal voltage due to 
the current flowing was, in every case, found to be entirely 
negligible. 


PREPARATION, PURIFICATION AND TEST OF HYDROGEN 


The hydrogen used in these investigations was prepared by the 
action of water on hydrone, in a glass containing vessel. Hy- 
drone is the trade name for a sodium lead alloy. This alloy was 
used in order to reduce the violence of the reaction between the 
sodium and the water. Тһе hydrogen prepared in this manner 
was collected over water in a copper vessel. 

When it was desired to fill a corona tube with hydrogen the 
gas was forced out slowly by water pressure. It was passed 
through drying bottles containing concentrated sulphuric acid 
and calcium chloride respectively. It was then passed through 
a hard glass tube containing red hot calcium or calcium hydride. 
This acted as an effective reagent for removing any traces of 
oxygen or nitrogen. 

The purifying tube was filled with metallic calcium but when 
this is brought to a red heat in an atmosphere of hydrogen a 
rapid combination takes place. The hydride formed in this 
manner must be kept in an atmosphere of hydrogen as it com- 
bines with air at room temperature. 

From the purifying tube the hydrogen was passed through 
glass tubing to the corona tube. When a corona tube was to be 
filled with hydrogen it was exhausted and filled with hydrogen 
three times in order to remove any traces of air. In every case 
a Geissler tube was connected to the system while the corona 
tube was being filled. Тһе spectrum of the gas in this tube was 
observed at pressures ranging from atmospheric down to the hard 
X-ray stage. If lines belonging to any spectrum other than that 
of hydrogen were observed at any pressure the charge was dis- 
carded and the corona tube was refilled. ` 

Corona Tube. The results reported in this paper were all ob- 
tained with copper wires strung along the axis of a cylindrical 
brass tube. 

Тһе corona tubes were connected to vacuum pumps, air drying 
bottles, hydrogen apparatus and a mercury manometer by 
means of a small side tube on each corona tube. One side of the 
mercury manometer was kept at zero pressure. In this way the 
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manometer readings were made to give the absolute pressure of 
the gas and were not affected by changes in the barometric 
pressure. The ends of the brass tubes were closed by means of 
glass plates through which holes had been ground. Metal 
bushings having a small hole along the axis were fitted into these 
holes and secured with red sealing wax. Тһе glass plates were 
fastened to the ends of the tubes in such a manner that the hole 
through the metal bushing coincided with the axis of the tube. 

The wire on which the corona discharge was to be observed 
was passed through these bushings. One end was fastened to a 
spring enclosed in a bottomless glass bottle which was sealed to 
the end plate so as to surround the bushing. Тһе stopper was 
removed from this bottle when a new wire was being placed in 
the tube. When the wire was in place the stopper was sealed 
tight with half and half wax.* After the wire had been stretched 
tight the other end was fastened in the metal bushing with red 
sealing wax. In this way the wire was maintained tight and 
accurately centered. 

The metal bushings were necessary as it was found that with 
hydrogen a very decided effect was produced on both the 
corona starting voltage and the volt-ampere characteristics, . 
when corona was allowed to form in the vicinity of these end 
plates. "This effect was due to the breaking down of the gas 
between the glass, and the wire where the wire passed through 
the glass end plates, as it was not always possible completely to 
fill this space with wax and at the same time keep the wire within 
the tube free from the wax, which would start a local discharge. 

The wires used in these investigations were carefully cleaned 
and straightened and then calipered with a micrometer caliper 
before being placed in the tube. These wires varied in diameter 
from 0.12 mm. to 1.59 mm. The larger part of the data was 
taken with the wire in a brass tube 4.45 cm. in diameter but the 
results were checked with a 7-cm. tube in order to determine 
whether the size of the tube would affect the nature of the phe- 
nomena. Мо сһапрев due to the size of the tube were noticeable 
as far the general character of the results and the critical the- 
oretical electric intensity at the surface of the wire are concerned. 

*Half and half wax is prepared by melting together approximately 


equal quantities of bees wax and rosin. The heat should be applied by 
* means of boiling water. 
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Совома IN HYDROGEN 


Throughout the investigation with hydrogen it was found that 
the breaking down of the dielectric and the appearance of light 
at the surface of the wire were simultaneous. Тһе voltage 
necessary to cause these phenomena will be called the critical 
voltage. Тһе intensity of the electric field at the surface of the 
wire, under these conditions, computed on the assumption that 
the field between the wire and the tube is completely determined 
by the charges on the wire and tube, will be called the critical 
intensity. Тһе above assumption neglects the possibility of 
distortion of field due to space charge before the corona starts. 

Corona between a positive wire and negative tube will be 
spoken of as positive corona, while corona between a negative 
wire and positive tube will be spoken of as negative corona. 
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The + and — signs on the curve sheets refer to the polarity of 
the wire. 

In Fig. 3 are given curves showing the variation of critical 
voltage with gas pressure for air and hydrogen with two sizes 
of wire. The curves for air were taken from Farwell's paper 
(TRANs. А. I. E. Е., Vol. XXXIII, Part II, 1914, p. 1648.). 
The curves for air and hydrogen were taken with tubes of the 
same diameter and therefore may be justly compared. From а 
casual observation of these curves it is apparent that the law of 
variation of critical voltage with pressure 1s essentially the same 
in the two cases. The curves for hydrogen agree fairly well with . 
Peek's formula when this is put in the form 


E=E,p+C Vp 
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where E — critical intensity. 


Р — pressure in per cent of atmospheric pressure. 
E, and С- constants. 


This shows that as far as variation of pressure is concerned, 
with a given size of wire, the critical intensity for corona in 
hydrogen obeys Peek's law. 

Тһе data so far obtained do not show conclusively that Peek's 
formula 


E = E (1 7) 


holds for hydrogen when the variation of E with changes of the 
radius of the wire is considered. Іп this formula 


E = critical intensity. 
p = pressure іп per cent of atmospheric pres- 
sure. 
r = radius of wire. 
Е, and b = constants. 


The general nature of the results so far obtained however seems 
to indicate that this formula may hold. 

From the curves of Fig. 3 it may be seen that there are two 
decided differences between the critical voltages for air and 
hydrogen. 

1. With air the positive critical voltage is lower than the 
negative, while with hydrogen the negative critical voltage is 
less than the positive. This 1s true in the case of hydrogen for 
all sizes of wire and all pressures covered in this investigation. 

2. For the same size of wire and the same pressure the critical 
voltage in hydrogen is much lower than the critical voltage in 
air. 

Characteristic Curves. Characteristic curves for positive co- 
rona in hydrogen for two sizes of wire and warious pressures are 
given in Fig. 4 and Fig. 5. These represent the general form of 
the characteristics for all sizes of wire and all pressures covered 
in these investigations. The most remarkable points about 
these characteristics are :— 

a. The marked difference between the critical voltage and the 
voltage at which corona ceases. 

b. The difference between the points taken with increasing 
and those taken with decreasing current. 
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This persistence of corona at voltages less than that necessary 
to start the discharge has not been observed with air and con- 
tinuous potentials. (See Bennett Trans. A. I. E. E., Vol. 
XXXII, Part II, 1913, p. 1796, for alternating potentials.) If 
there is any such difference for air its magnitude is certainly 
very much less than with hydrogen. 

This difference between the critical voltage and the voltage 
at which corona is maintained may be explained by the change 


in the electric intensity (volts per cm.) at the surface of the wire 
after the corona has been formed. This change of intensity is 
caused by the space charge due to the positive and negative ions 
in the space between the wire and the tube. That such a distor- 
tion of the electric field exists is well known. The difference 
between the critical voltage and the voltage at which the dis- 
charge ceases is not detected unless all sources of irregular 
ionization such as rough spots on the wire, high intensity where 
the wire passes through the glass, etc., are eliminated. 
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The negative corona characteristic curves for a No. 36 В. & S. 
gage copper wire, 0.121 mm. in diameter, in a brass tube the 
inside diameter of which was 4.45 cm. are given in Fig. 6. It 
will be noticed that the shape of these characteristics depends 
on the gas pressure to a very decided extent. 

With this size of wire corona seemed to start in each case with 
a number of very small bright points on the wire. Usually, 
however, the negative corona started with an unstable flicker- 
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ing glow along the wire. With an increase of voltage the current 
gradually increased until a point was reached where the small 
bright spots combined into one negative bead of the kind des- 
cribed by Farwell (Trans. A.I.E.E., Vol. XXXIII, Part II, 1914, 
p. 1631.) This change in formation was accompanied by a large 
increase in current and a drop in the potential difference between 
the wire and the tube. This drop in potential difference across 
the tube was, in a certain sense, due to the resistance in series 
with the corona tube. The increased current taken by the tube 
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causes a higher drop through the series resistance, which stabi- 
lizes the corona discharge and prevents the indefinite increase 
of current which might result if there were no resistance in the 
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circuit. The gaps in the curves represent unstable conditions. 
An increase in the generated voltage caused an increase in the 
corona, current which was accompanied by either an increase or 
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а decrease of the voltage between the wire and the tube depending 
on the size of wire and the gas pressure. 

It may be noticed that for the lower pressures the corona 
current-voltage characteristics are similar to the usual arc . 
characteristic: Тһе discharge, however, was not the arc dis- 
charge. Тһе arc formed if the machine voltage was sufficiently 
increased. -This was accompanied by a further drop in the 
voltage between the wire and tube and an entire change in the 
general appearance of the discharge. 

Difference Between Air and Hydrogen. The characteristic 
curves in Fig. 7 show clearly the difference between the corona 
in air and in hydrogen. The two curves on the left hand side of 
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the sheet refer to hydrogen while the curves on the right were 
obtained with air. Тһе data for these curves were obtained 
with wires of approximately the same diameter. Тһе data for 
corona in air were taken from Farwell’s paper. These curves 
show two differences between air and hydrogen. In air the posi- 
tive corona starts at a lower voltage than the negative while the 
reverse is true in case the dielectric is hydrogen. The other and 
more important difference is the entire dissimilarity of the posi- 
tive and negative curves with hydrogen. This difference has 
not been found with air. 

It must be remembered that, although the characteristic 
curves for the wire positive appear to be the same for air and 
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hydrogen, there is a decided difference even in this case as, with 
hydrogen, the corona was maintained at voltages lower than 
that necessary to start the discharge. 


RECTIFICATION 


After looking at the above curves it is at once evident that 
corona in hydrogen between a wire and a tube is an effective 
means of accomplishing rectification. This is true since large 
currents may be obtained from a negative wire with voltages 
which will give little or no current from a positive wire. "This 
rectification may be accomplished with the wire cold and is not 
а case of rectification by means of a hot cathode. Тһе principle 
of electron emission from a hot cathode might be used, however, 
in connection with the corona rectification. с 

Following up the question of rectification the corona tube was 
connected to an alternating source of voltage as shown in Fig. 
2. A sensitive oscillograph element was connected directly in 
series with the corona tube and another element was connected 
across the primaries of the transformers. The oscillograms 
shown in Figs. 8, 9 and 10 were taken with the connection as 
shown in this diagram. 

Fig. 8 gives the current and voltage curves when an alterna- 
ting voltage is impressed across a corona tube. The curve 
having both positive and negative lobes is the voltage. The 
non-symmetrical character of this curve is due to the drop in the 
resistance in series with the primaries of the transformers. The 
curve lying mainly below the axis represents the current flowing 
between the wire and tube. The part of this curve slightly 
above and slightly below the axis is of the same shape and order 
of magnitude as the charging current of the condenser formed 
by the wire and cylinder. This was determined by an oscillo- 
gram taken at a voltage slightly less than that necessary to 
form corona. 

The voltage at which negative corona starts as shown in this 
oscillogram is approximately twice the voltages across the tube 
at the instant that the discharge ceases. 

The rectification with corona in hydrogen is practically per- 
fect as is shown by the oscillograms in Figs. 8 and 9. Fig. 10 
gives the voltage and current with corona in air at 100 mm. 
pressure. It is of interest to compare Figs. 8, 9 and 10 with 
those given by Bennett for air at low pressures (TRANS. А. I. E. 
E., Vol. XXXII, Part II, 1913, p. 1787.). 
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The irregularities in the part of the curve near the zero line 
seem to be due to the capacity effect and are in no sense charac- 
teristic of the corona discharge. 

The whole question of rectification is at present being made 

the subject of further investigation. 


GENERAL APPEARANCE 


In general appearance the corona in hydrogen is similar to that 
in air, but upon critical examination it is seen that there are 
many points of difference. Some of these similarities and dif- 
ferences are shown in Fig. 11. 

With the wire positive and sizes of wire smaller than No. 26 
B. & S. (0.405 mm. diam.) the wire was surrounded by a thin 
luminous layer which was essentially uniform. This is shown in 
Fig. 11. Ав the size of the wire was increased this glow became 
more апа more irregular. At first there were spots somewhat 
brighter than others. For a wire as large as No. 10 B. & S. 
(2.59 mm. diam.) the discharge took the form of a large number of 
brushes similar to the point discharge in air. These brushes 
were closely spaced along the length of the wire with a fairly 
uniform glow between them. It was impossible to obtain a 
satisfactory photograph of this. This discharge was blue in 
color. If the voltage was increased to a high value a brilliant 
red spark passed between the wire and tube. This was fol- 
lowed by a pale blue arc having incandescent blue spots at both 
ends. 

The typical form of discharge with the wire negative is also 
shown in Fig. 11. It is seen that the discharge consisted of 
bright beads on the wire. As the potential was continuously 
increased, the first evidence of а breakdown of the gas was the 
appearance of an intermittent flickering glow. Іп every case the 
first. noticeable current and visible corona occurred simultane- 
ously. If bright spots were formed on the surface these in- 
creased in number and the current gradually increased until a 
Stage was reached where the small bright spots collapsed into 
one brilliant bead. This change was accompanied by a rapid 
increase of current and a drop in the voltage across the tube. 
(See Fig. 6.) A further increase in voltage caused more small 
bright spots to form and also caused an increase in the brilliancy 
of the beads. Тһе bright spots collapsed into another bead and 
in this manner the number of beads and the current increased 
as the generator voltage was made larger. If the generator 
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voltage was now decreased the behavior of the corona was some- 
what different. Suppose that there were nine beads on the 
wire. These beads persisted and became less and less brilliant 
until they finally collapsed into one or two beads. Thus it is 
seen that with increasing voltage the beads appear one after 
another, while with decreasing voltage they will continue until 
several disappear at one time, thus concentrating the current in 
a smaller number of more brilliant beads. 

With the wire negative there was no evidence of a uniform 
glow for any size of wire or any pressure covered in this investi- 
gation unless an arc was in series with the tube. This is not 
true with air. 

Opposite to each bead for practically all pressures and all 
sizes of wire used in these experiments there were a number of 
bright spots on the tube. "The number of spots varied from ten 
or twelve up to a hundred or more depending upon the current 
flowing from the bead. If there were only a few spots they 
would be bunched together, but when the current was large the 
spots formed a band with a width of approximatély one centi- 
meter completely surrounding the tube. These spots varied in 
color from pale yellow to milky blue, depending on the pressure, 
current and size of wire. With low pressures and large currents 
these spots appeared as brillant green fans with yellow spots 
where they touched the tube. The effect was then truly beauti- 
ful. This green color may be due to the brass tube, and thus 
may not be characteristic of hydrogen. The presence of these 
spots seems to indicate an ionizing gradient at the surface of the 
tube. 

With an alternating voltage impressed across the tube the 
corona may take the form shown in Fig. 11. In the illustration 
for 436 mm. this is essentially the same as the negative corona, 
since thé conditions under which this picture was taken were 
such that there was perfect rectification and no positive corona 
was present. Ifany positive corona was present it would be made 
evident by a uniform glow between the negative beads. Тһе 
corona in air with alternating voltage is also shown in Fig. 11. 
The difference is at once apparent. If the alternating voltage 
on the hydrogen filled tube is increased sufficiently positive 
corona will form and finally the positive arc will follow. Тһе 
arcing during the half cycle when the wire is positive can be 
determined immediately, both by the fact that the red positive 
spark is easily visible shooting across the blue corona and negative 
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discharge, and also by the fact that the rectification is much less 
perfect. 

The predominating color of the various discharges through | 
hydrogen was blue, ranging from a light silver blue to sky 
blue. The one marked exception to this was the brilliant red 
of the disruptive discharge from a positive wire. This brilliant 
red spark was followed by a pale blue arc. 

When a continuous voltage was impressed on the tube and a 
short arc (1mm. or less) was introduced into the circuit the fol- 
lowing changes in the character of the discharge were observed. 

With a No. 26 B. & S. gage (0.405 mm. diam.) wire in the tube 
and the wire positive, the introduction of a short arc caused the 
uniform glow to break up into straight blue streamers extending 
from the wire to the tube with brilliant light blue spots at each 
end. "This discharge resembled a radial shower of blue light. 
Lengthening the arc caused the streamers to disappear and the 
entire tube was filled with a blue glow. With a No. 36 B. & S. 
gage (0.121 mm. diam.) wire, the radial streamers did not appear 
when the are was introduced in the circuit, but the tube was 
filled with a blue glow. 

With the wire negative the introduction of an arc in series 
with the tube caused very little change in the appearance of the 
corona at the surface of the wire, but caused a disappearance of 
the bright spots on the surface of the tube. 

With the wire negative and hydrogen in the space between the 
wire and the cylinder an increase in the gas pressure as great 
as 3 cm. of mercury has been observed on closing the circuit. 
This pressure increase was due to ionization of the gas and not 
to increased temperature as it immediately disappeared when 
the current was shut off. | 


CONCLUSIONS 


1. The critical intensity for corona in hydrogen follows Peek's 
law fairly closely as far as changes due to variations in the gas 
pressure are concerned. 

2. The variation of the critical intensity with the radius of the 
wire is not as yet conclusively proved either to follow or not to 
follow Peek's law but the general character of the results so far 
obtained seem to indicate that the law may hold. 

3. Hydrogen is different from air іп that corona is maintained 
at voltages considerably lower than the critical voltage while 
this has not been found to be the case with air. 
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4. The characteristic curves with the wire positive in hydrogen 
differ from those with air in that the voltage necessary to main- 
tain a given current depends on whether that value of current 
has been approached by increasing or decreasing the machine 
voltage. 

5. Тһе characteristic for the wire negative in hydrogen is 
entirely different from the characteristic obtained with a negative 
wire in air. 

6. Complete rectification for alternating current is obtained 
between concentric cylinders when the intervening space is 
filled with hydrogen and an alternating potential difference suf- 
ficiently high to produce negative corona is impressed between 
the cylinders. | 

7. This rectification continues after the negative arc has been 
established, under the proper conditions of pressure, size of 
wire and size of tube. Direct currents as high as 0.12 ampere 
have been obtained with alternating voltages of approximately 
8000 volts. 

The investigations outlined іп this paper were carried out in 
the Laboratory of Physics at the University of Illinois under the 
direction of Dr. Jacob Kunz, Associate Professor of Physics. 
То him, to Professor E. B. Paine of the Department of Electrical 
Engineering and to Professor A. P. Carman of the Department 
of Physics the authors wish to acknowledge their indebtedness 
for suggestions and aid which made this work possible. 
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THE ELECTRIC STRENGTH OF AIR.—VII 


BY J. B. WHITEHEAD AND W. S. BROWN 


ABSTRACT OF PAPER 


In view of the variation among the values obtained by dif- 
ferent observers, this paper aims to make a careful determination 
of corona-forming voltages for alternating and for positive and 
negative continüous voltages in the same apparatus and under 
the same conditions. | 

Within the range of wire diameters used, corona appears 
at alower value when the wireis positive than when it is negative, 
although the two curves converge for increasing diameters. 
The maximum excess of negative over positive, as observed, was 
6.3 per cent. | 

The values with alternating voltage coincide with those of 
negative continuous voltage. Positive continuous voltage there- 
fore forms corona at the lowest value. 

The observations on the negative corona give values higher 
than any heretofore obtained. 

Other experiments are described, giving qualitative indications 
of the correctness of Townsend's theory of ionization by collision. 


HE voltage at which corona appears on a round wire in air 
depends on the diameter of the wire, the potential gradient 

at the surface and the density of the air. Тһе relation as based 
on the results of these papers and those of Peek! is of the form, 


E-A84 5N $ (1) 


in which Е is the potential gradient at the surface of the wire of 
radius 7 or diameter а, 6 is the so-called "density factor”, its 
value being unity at a pressure of 76 cm. and a temperature of 
25 deg. cent., and А and B are constants. In the experiments 
on which formula (1) is based alternating voltages were used, 
and it was shown that the maximum value of voltage or gradient 
determines the appearance of corona. 

If the value of E as obtained from the empirical formulas of 
Whitehead? and Peek and from the results of some of the other 
investigators of the alternating-current corona be plotted as a 
function of the radius of the wire, we find that the value of E for 
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any one wire shows noticeable discrepancies, 7.6., the constants 
A and B have different values. Тһе differences in the observed 
values are probably due to the difficulty in measuring the ratio 
of maximum to effective values of the high voltage, to the un- 
equal surface condition of the wires and to failure to properly 
correct for atmospheric conditions. Тһе observations of White- 
head gave A = 32and B = 13.4. The work of Peek!, somewhat 
later, showed a similar relation between E and d, giving A — 29.8 
and В = 12.7. These values in his subsequent papers have 
been brought up to 31.0 and 13.5 respectively, which are in 
close agreement with the result of Whitehead. 

The most important work on the direct-current corona has 
been done by Watson’, Ѕһаҝегѕ*, and Farwell’. Watson made 
observations with wires ranging from 0.70 mm. to 12.76 mm. in 
diameter, using as a source of power an influence machine of 
special design. For the case of a wire and cylinder he found 
that the polarity of the wire had a marked influence on the ap- 
pearance of corona and on the value of the critical intensity. 
Schaffers, using wires from 0.0006 to 0.70 cm. in diameter in 
tubes of various sizes, found that for the larger wires the positive 
corona appeared at a lower voltage than the negative, while for 
the smaller sizes the reverse was true. The curves of critical 
intensity crossed at a point corresponding to a wire 0.01 cm. in 
radius. | 

Farwell, using a series of 500-volt generators as a source of' 
high potential, investigated the influence of the polarity of the 
wire, of temperature, pressure and humidity on the corona, 
forming voltages on copper wires ranging from 0.009 to 0.258 
cm. in diameter in a tube 4.45 cm. in diameter. For a given 
size wire, he found that corona appeared at a much lower voltage 
when the wire was positive. His observations can be repre- 
sented by formula (1) and.the value of the constants as given in 
his А. I. E. E. paper are for the positive wire, А = 31.6 В = 8.47, 
for the negative wire, А = 38.0, В = 8.06. Here again, as in 
the alternating-current case, the results of different investiga- 
tors show considerable divergence. 

It was in view of these differences among the values of the 
constants of formula (1) as determined by different observers 
that the present investigation was undertaken. The different 
conditions under which the several investigators worked should 
account in a large measure for the different values obtained for 
both alternating and continuous voltage. The aim of the present 
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experiments has been to compare alternating and continuous 
values of corona voltage under identical conditions and under 
the best possible conditions for accuracy. 

Some later experiments outlined in Section V had as their 
purpose the testing of some of the assumptions of the present 
day theories as to the start and ultimate nature of corona. | 

Since the experiments of this paper were completed Peek!? has 
published results of a comparison of alternating and continuous 
corona voltages. He finds that they are identical and inde- 
pendent of the polarity of the wire in the case of continuous 
voltage. Тһе results described in this paper are noticeably at 
variance with those of Peek. 


II. DESCRIPTION OF APPARATUS 
For Alternating Voltages. "The diagram of connections for the 
production of and measurements on the alternating-current 
corona is given in Fig. 1. The motor-generator С supplies the 


low-tension winding of the transformer Г through a potential 
regulator, P К. One terminal of the high-tension winding 15 
connected to the low-tension winding and to ground and the 
other to the corona wire. С Т is the corona tube and Е, an elec- 
troscope, both described in detail in a subsequent paragraph. 

The motor-generator set consisted of two 5-kw., 1200-rev. per 
min., 120-volt alternating-current generators, one 60 and the 
other 20 cycles driven by a 7.5-h.p., 120-volt direct-current, 
shunt-wound motor. The use of a storage battery of large capac- 
ity as a source of energy for driving the motor and for exciting the 
two alternators made it possible to obtain a very constant 
voltage. Throughout the experiments only the 60-cycle unit 
was used. Тһе armature was surface wound and the wave 
smooth. 

The transformer used was fated at 3000 watts, 60 cycles, 100- 
25,000 volts. Тһе low-tension winding was in two 50-volt 
sections, the high-tension in four 6250-volt sections. "The ratio 
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of turns of the transformer as furnished by the manufacturer 
was 1-250.18 and this ratio was used to determine the secondary 
voltage. The primary voltage was read on a standardized 
Weston dynamometer voltmeter V (Fig. 1 ) and was controlled 
by the potential regulator P R and a variable resistance R in the 
generator field F. The influence of the varying І R drop in the 
primary winding was practically negligible in its effect on the 
ratio of transformation owing to the small values of the magnet- 
izing and load currents. 

Тһе corona apparatus consisted of a wire stretched co-axially 
in а metal tube. Тһе wire was clamped at each end in a device 
which permitted stretching and centering. Тһе tube was 
mounted on an insulated stand which also supported a very 
sensitive electroscope. Small holes were drilled in a section of 
the tube and a disk of the same curvature as the tube was con- 
nected to one terminal of the electroscope and placed as close to 
the tube as possible without actual contact. Тһе disk, the con- 


в | 


Fic. 2—Соммест!ом$ FOR EXPERIMENTS WITH 15,000-VoLT DIRECT 
CURRENT GENERATOR 


nections to the electroscope and the electroscope proper were 
protected by grounded metal shields. The electroscope was 
charged to a potential of 440 volts from the lighting mains 
through lamps and condensers by parallel-series connection. 
The insulated stand was grounded for the alternating-current 
observations thus grounding the other terminal of the electro- 
scope. The ionization accompanying the very first appearance of 
co ona causes the electroscope to discharge rapidly, which thus 
served as detector of corona. Fig. 4 is an illustration of the tube 
as used in some later experiments. 

For Continuous Voltages. Two sources of high continuous 
voltage were available, a high-voltage generator and a kenotron 
or hot-cathode rectifier. The diagram of connections in the use 
of the former is shown in Fig. 2. С the generator, supplies the 
high potential through parallel condensers C to the corona wire. 
V M and G’ are a voltmeter, multiplier and galvanometer re- 
spectively. 
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'The generator of special design consisted of eight units 
mounted on an insulating bed. Each armature is provided with 
two windings and commutators and rated as follows: Amperes 
0.1; speed, 2700 rev рег min. ; volts per commutator, 937.5; shunt 
wound. Тһе available potential was, therefore, 15,000 volts, 
when the machine was run at normal speed with all the units in 
series. 

The connection of a large number of low-voltage generators 
in series as a method of obtaining high values of continuous 
potential has been often used. In the present case to avoid 
insulation troubles, self-excited, shunt-wound generators were 
used with individual rheostats mounted on each frame and 
special precautions were taken in the design of the insulation. 
'The generators were driven by a 5-h.p., 220-volt direct-current, 
shunt-wound motor through an insulating belt and insulated 
couplings. Voltage control was obtained in two ways. Ай- 
justable carbon rod resistances connected in series with the 
generator fields and carefully insulated from the frame were 
mounted on the top of each machine and a movable insulated 
gearing provided uniform variation of all the rheostats. For 
fine adjustment a rheostat was inserted in the driving motor 
field which gave voltage control by varying the motor speed. An 
illustration of the unit is given in Fig. 5. 

The Moscicki condensers, whose function will be explained 
later, were rated at 20,000 volts, effective value. They are of 
the Leyden jar type, the dielectric being of glass; and to prevent 
corona from forming on the edge of the plates, the condensers 
were filled with oil. Two condensers were used, consisting of 
eight units of 0.002 microfarad each. 

The voltmeter used was a Weston intrument of the permanent 
magnet type, with two scales (0-150 and 0-750 volts). It was 
carefully compared throughout its entire range with a Weston 
laboratory standard instrument and found correct within the 
limit of observation error, t.e., 0.1 per cent. The resistance of 
the high scale winding was 82,790 ohms. As it was desired to 
measure potentials up to 35,000 volts, a multiplier of 4.5 megohms 
was necessary. Shunting the instrument by an approximately 
equal resistance reduced this amount by one half although it 
introduced the disadvantage of doubling the amount of power 
required. For example, at 15,000 volts this demand is 0.0065 
ampere and is great enough to impose a serious limitation on 
some of the later experiments, using the kenotron. A number 
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of multipliers of the regular type supplied by the voltmeter 
manufacturers for increasing the range of their laboratory volt- 
meters were available. Their total resistance, however, was 
only 707,630 ohms. То obtain the remainder, six units were 
made up in this laboratory according to specifications of the 
Bureau of Standards. Each unit consisted of forty mica cards 
wound with manganin wire. Тһе resistance of each card was 
approximately 6000 ohms. They were mounted on horizontal 
glass rods, which in turn were supported by hard rubber up- 
rights, and the whole mounted on a hardwood base. Тһе cur- 
rent capacity was 0.022 amperes. Тһе resistance of each unit 
was measured with a standard bridge and also by placing it in 
series with a standard Weston voltmeter of known resistance 
across mains of known potential. : 
The diagram of connections for the second method using a 
kenotron is shown in Fig. 3. G the high-frequency generator 


Fic. 3—CONNECTIONS FOR EXPERIMENTS WITH THE KENOTRON 


supplies, through the grounded transformer T' the kenotron K 
with high voltage. The condensers C; and C; and the inductance 
L, are introduced to smooth out the voltage which is rectified in 
pulsating form by the kenotron. M and V; are the multiplier 
and voltmeter, as used in the first method and C T 1s the corona 
tube, with the electroscope E and the galvanometer С’ as before. 
“Їл 15 an inductance, У, a hot wire voltmeter, and A, a hot band 
ammeter. Voltage control was obtained by varying the field 
circuit of the generator by means of the resistance Р). 

The high-frequency generator was a direct-driven unit con- 
sisting of a generator with a double field structure, one of 48 
poles, the other of 240, and a 3-h.p., 240-volt direct-current, 
shunt-wound motor. Тһе armature of the alternator was 
stationary and provided with a distributed winding. Тһе rated 
full speed was 1500 rev. per min. at which one generator gave 
600 cycles and the other 3000. "The generators were rated at 4.4 
amperes and 110 volts. 
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Speed or frequency control was obtained by armature and 
field resistance in the motor circuit, the use of the former being 
practically limited to starting. The driving motor and the 
generator field were both supplied from a storage battery which 
-made conditions very favorable for steadiness in readings. 

The kenotron used in the present investigation was designed 
for a maximum voltage of 40,000. It consisted of a highly evac- 
uated glass bulb containing a cylindrical anode along whose 
axis was stretched a 10-mil tungsten filament, which acted as the 
hot cathode. Тһе cylindrical anode was of small diameter in 
order to bring the anode and cathode very close together to 
reduce the space charge effect and thereby increase the current 
carrying capacity of the rectifier. One terminal was of the 
ordinary incandescent lamp type and served to supply energy to 
the cathode, acting at the same time as one terminal for the 
high voltage. Тһе other end of the tube was sealed off with a 
metal cap and ring, which served as the other high-voltage- 
terminal. The theory and performance of the kenotron have 
been completely described by Dushman’ and others. 

For heating the tungsten filament, a 12-volt storage battery 
В Fig. 3 was used. А resistance Re, а 15-ampere ammeter A: 
and a knife switch .5 were connected in series with the battery 
to provide control of the filament current and indirectly the 
electron emission. "Table I gives the electron emission and the 
voltage drop in the kenotron for various filament currents. А 
filament current of 6.1 amperes was used throughout this work. 


TABLE I—CHARACTERISTICS OF THE KENOTRON 


Minimum voltage 
Filament current | Electron emission drop 


5.0 9.5 P 
5.2 16.0 86 
5.4 27.0 122 
5.6 40.0 158 
5.8 57.0 200 
6.0 82.0 250 
6.1 100.0 280 


The capacity С, (Fig. 3), was made up of six units connected 
two in series, three in parallel. Each unit was insulated for 
10,000 volts and had a capacity of 0.01 microfarad. Тһе con- 
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denser plates were immersed in oil. Spark gaps set for 10,000 
volts were placed across the terminals of each unit to prevent 
breakdown of the insulation resulting from possible unequal 
distribution of potential. Тһе capacity С» was made up of four 
similar units connected two in series, two in parallel together . 
with the Moscicki condensers used in connection with the first 
method. Тһе inductance Їл, consisted of two air coils of 360 
turns of No. 10 B. & S. wire. The coils were in parallel but 
magnetically separated from each other. At 600 cycles they 
had an impedance of 9 ohms each. The high-tension winding of 
a5 kw., 6600/110-volt, 60-cycle power transformer served for 
Ls. The function of these inductances is explained in connection 
with the experiments. 


III. PRELIMINARY EXPERIMENTS 


The approximate sizes of wire on which corona would appear 
for both alternating and continuous voltages with tubes of a 
given diameter were calculated from the results of foregoing 
researches. Two tubes were used, with inside diameters of 
6.109 and 4.855 cm., respectively. Six sizes of wire were used, 
with diameters of 0.074, 0.090, 0.125, 0.166 and 0.231 cm. All 
were of brass except the largest, which was of steel. Тһе wires 
were always carefully polished with crocus cloth апа chamois 
before introducing them into the tube. 

The first tests made were with the high-voltage generator as 
a source of potential. А number of runs were made оп the 
same tube and wire and the voltage at which corona appeared, 
as determined by visual methods and temperature and atmos- 
pheric pressure, were recorded. An interesting source of error 
was developed at this point. It was found that successive runs 
under the same conditions gave values of corona voltage dif- · 
fering by several per cent. Тһе trouble was traced by means of 
oscillograms to periodic fluctuations in the continuous voltage 
(see Fig. 6) of high frequencies which could not be associated 
with any feature of the rotating element. 

In an effort to smooth out the inequalities of voltage, two 
Moscicki condensers (0.004 microfarad) were connected in 
parallel with the generator. Тһе oscillograms shown in Fig. 6 
show that the voltage fluctuation was increased under these 
conditions. Sixteen Moscicki units (0.032 microfarad) were 
then used and the oscillogram, Fig. 7, shows that the voltage 
was then practically constant. Тһе frequency of the oscilla- 
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tions, when the two units were used, was obtained by superim- 
posing a wave of known frequency, not shown in Figs. 6 and 7. 
The frequencies as measured in this way are for the fundamental, 
359.5 cycles per second, and for the superposed, 12.3 cycles per 
second. Ап effort was made to connect these frequencies with 
“ periodic recurrencies due to the speed of the motor, the genera- 
tors, the belt, the number of commutator segments, etc., but 
without success. Тһе fluctuation disappeared with increased 
capacity in parallel and is probably due to a resonance 
condition between the inductance of the armatures and the 
capacity of the circuit. Тһе slow superimposed fluctuation 
could not be definitely traced. Further investigation of this 
interesting phenomenon had to be postponed. 

A determination of Е as a function of the capacity in parallel 
with the generator showed that above 0.016 microfarad the value 
of E was constant. Тһе results are given in Table II and аге 
plotted in the form of a curve in Fig. 8. A capacity of 0.032 
microfarad was used, twice as much as actually required. 


TABLE II—APPARENT LOWERING OF THE CRITICAL SURFACE INTEN- 
SITY DUE TO RESONANCE IN THE GENERATOR CIRCUIT 


Voltmeter Critical. surface 


No. of units | Capacity m.f. reading intensity E 
1 0.002 620.0 68.6 
2 0.004 555.0 61.4 
3 0.006 622.5 68.9 
4 0.006 647.5 71.7 
5 0.010 652.5 72.2 
6 0.012 662.5 73.3 
7 0.014 666.0 73.7 
8 0.016 665.0 73.7 
9 0.018 665.0 73.7 

10 0.020 665.0 73.7 
11 0.022 665.0 73.7 
12 0.024 665.0 73.7 
13 0.026 665.0 73.7 
14 0.028 665.0 73.7 
15 0.030 665.0 78.7 . 
16 0.032 665.0 73.7 


It must be noted that the percentage variation in voltage as 
shown by the оѕсШортат (Fig. 9) is much greater than that 
actually obtaining under test conditions, as the oscillograph 
requires a current nearly 25 times as great as that taken by the 
voltmeter and corona tube and the fluctuation varies directly’ 
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with the current taken from the condensers. Under test соп- 
ditions therefore—voltmeter and tube connected—the voltage 
variation is only a very small fraction of one per cent. 

The maximum voltage obtainable from the  high-voltage 
generator was 15,000 volts so the kenotron was used for higher 
values. It was soon found that the transformer used imposed a 
serious limitation on the value of the continuous voltage obtain- 
able by this means. At 600 cycles the high-tension windings of 
the transformer took a primary charging current of 20 to 25 
amperes and as the full load current of the 600-cycle generator 
was only 4.4 amperes, the speed and consequently the frequency 
rapidly dropped on connecting the transformer. Although the 
internal reactance of the generator was considerable, the capacity 
of the high-tension windings of the transformer was more than 
sufficient to overbalance it. Additional reactance connected 
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! 
accross the primary of the transformer was the obvious way of 
reducing this current. A number of air coils of low resistance 
were tried and after a number of trials the two coils as described 
in an earlier paragraph were selected, as they reduced the 
charging current to about five amperes and gave a maximum 
value of continuous voltage of about 26,500 volts. 

The next step in the development of the kenotron method was 
to introduce parallel capacity in the direct-current side of the 
kenotron to smooth out the voltage by supplying energy to the 
load during the part of each cycle when the kenotron delivers no 
current. When operated alone t.e., without condensers the rec- 
tifiers gave a continuous voltage which fluctuated between zero 
and a maximum with the frequency of the impressed e.m.f., 600 
cycles. Four 10,000-volt condensers in series (0.0025 microfarad 
were connected between the direct-current side of the kenotron 
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and ground. Тһе oscillogram, Fig. 10, shows the character of 
the continuous current voltage with the above capacity. Nine 
condensers, connected three in parallel, three in series, (0.01 
microfarad) were next tried. Тһе oscillogram, Fig. 11, shows the 
decided improvement. Тһе attempt to produce further im- 
provement in the voltage by this means was abandoned as it was 
evident that a far larger amount of capacity than was available 
would be required to obtain a voltage varying less than one per 
cent. 

As the impedance of the load (the voltmeter and corona 
tube) was high, the current which flowed was very small. 
Under these conditions a moderate amount of series induc- 
tance (50 or 100 henrys) in conjunction with capacity offered 
a probable means of further improvement if connected in 
the manner shown in Fig. 3, where the capacity is divided 
into two portions. Тһе voltage fluctuation at the terminals 
of С, is an irregular shaped wave which consists of a funda- 
mental with a frequency of 600 cycles per second and a number 
of higher harmonics. Тһе inductance Г, and the capacity C; 
offer a definite value of impedance to each of these higher fre- 
quencies. Тһе higher the frequency the greater the impedance 
offered by the inductance, L; or in other words the voltage wave 
is smoothed out by removing the higher harmonics. Тһе cur- 
rent drawn by the condenser, C; over the inductance L; stores up 
electromagnetic energy in the latter. When the voltage of the 
condenser starts to fall, due to the current drawn from it by the 
load, the energy stored up in the inductance is delivered to the 
circuit and tends to maintain the voltage at the terminals of Сұ 
constant. | 

‚ A number of inductances were tried in the position L, and the 
sound in a telephone used аз a measure of the degree of voltage 
fluctuation. Тһе intensity of sound in the telephone is propor- 
tional to the amplitude of the voltage fluctuation. The minimum 
sound in the telephone was obtained from one half of the high- 
tension winding of a 5-kw., 6600/110-volt power transformer. 
: This final arrangement was used throughout the tests. | 

It.is possible to calculate the voltage fluctuation under test 
conditions, if it is assumed that is directly proportional to the 
current. Referring to Fig. 3, the values were as follows, when 
the oscillograph was in circuit: 
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С, = 30.01) = 0.015 microfarad 
С. = 20.01) + 0.032 = 0.042 microfarad 


С = С, + C: = 0.015 + 0.042 = 0.057 microfarad 
= 5.7 Ж 10-8 farads 
У = direct-current voltage = 4700 


5 У = voltage fluctuation = 13.8 per cent = 650 volts. 
(By measurement on the oscillogram) 


4, = oscillograph current = 0.024 ampere 


(By measurement) 


42 = voltmeter current = 0.001 ampere 
(By calculation) 


1 = total current flowing when oscillograph is 
connected. 


= 4, + = 0.025 ampere 
w = 2 т X frequency = 2 т Х600 = 12007 
. Hull" has shown that the voltage fluctuation (6 V) at the ter- 
minals of C4 may be expressed by the simple relation: 


8217 21 
Fer (+r 7) нээ. 


where $, о, and С are as given above and Lz is the magnitude of 
the series inductance in henrys. If we assume Le constant, 
(1.6., independent of the amount of current due to the low flux 
density in the iron of the transformer which was used as Lz), 
we can write 


5V=Ki | (3) 
Let 6 V, = voltage fluctuation when current 4 is flowing. 
0 V, = voltage fluctuation when current 72 is flowing 


Then, 6 V, = K i; and, 6 V, = Kis. (4) and (5) 
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Dividing (4) by (5) and transposing, 
ô V = ХИ, (6) 


= (50% 001 


0.095 х 13 8} per cent = 0.5 per cent 


= percentage voltage fluctuation under test conditions, (t.e., 
voltmeter and corona tube.) 


A comparison of the different methods of detecting corona was 
then made. In the case of the alternating-current corona the 


AHA 
_| 
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TIME ТО CHARGE - SECONOS 


Fic. 13—VisUAL CORONA AND ELECTROSCOPE DISCHARGE 


— — — Visual corona 

Electroscope discharge 

Diameter tube = 6.109 cm. 

Diameter wires = 0.107—0.166—0.231 cm. 


visual and electroscope methods were compared. Тһе curves 
(Fig. 13) show how closely the two methods agree, when the 
bend in the electroscope curve is taken as the point at which 
corona begins. In the case of the direct-current corona an ad- 
ditional method was available, 1.е., а galvanometer connected 
between the tube and ground as used by Farwell and Mackenzies. 
A ballistic galvanometer with a sensitivity of 10-5 amperes рег 
mm. scale division when the scale was placed one meter from the 
mirror, was used. Below corona voltage if the wire was clean, 
the galvanometer stood practically on zero. With the appearance 
of corona, the galvanometer took a large deflection (5 to 10 cm.) 
and any further increase in voltage threw the light spot off the 
scale. 
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The condition of the surface of the wire when fairly clean had 
but little effect on the value of the critical surface intensity in 
the case of the wire at positive or alternating-current potentials, 
but with the wire negative the slightest surface imperfection or 
particle of dust caused a lowering of the value of E. Тһе ob- 
servations on negative corona were extremely difficult on this 
account. On raising the voltage the slightest amount above 
that necessary to form corona, the blue glow changed to a 
purple point discharge and on lowering the voltage, corona held 
on to a value of voltage far below that required to start corona. 
The wire had to be removed and carefully polished again before 
another observation could be made. With precautions against 
the above increase of voltage beyond corona value it was pos- 


sible to repeat the observations on the negative corona as often 


as desired. 

Final Methods of Taking Observations. The wire was carefully 
polished, placed in the tube, accurately centered and connected 
to the voltage supply. In the alternating-current case the vol- 
tage was slowly raised by increasing the generator field current 
until the electroscope began to discharge. . Readings were taken 
of the rate of leak of the electroscope corresponding to each 
increment of the voltage, until the rate of discharge became 
practically infinite. Тһе field current was then decreased until 
the leak of the electroscope ceased and-then increased again 
until visual corona appeared. Тһе voltage was read at this 
instant on the primary voltmeter and recorded as primary volts. 
The temperature and pressure were also recorded. Тһе peak 
factor of alternating voltage waves was determined by means of 
oscillograms. А large number were taken and from these the 
values of 1.46 at 40 volts, 1.46 at 50 volts and 1.46 at 60 volts 
were determined by measurement. Іп order to give an idea of 
the conditions of accuracy in making these measurements, the 
figures in Table III are given for one half of the wave of the 
oscillogram corresponding to 60 volts. Тһе curve was carefully 
traced on co-ordinate paper and 26 ordinates, 1/20 of an inch 
(1.27 mm.) apart were read off; the height of each ordinate 
could be read to 1/50 of an inch (0.508 mm.) The maximum 
ordinate was 1.43 inches (37.08 mm.) high and the r.m,s of all 
the ordinates was 0.977, which gives a ratio of maximum to 
effective of 1.464. Similar measurements on the other oscillo- 
grams gave the values as stated above. The average of these 
three (1.46) was taken as the ratio of maximum to effective value 
over the range 40-60 primary volts. 
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Fic. 15--Ат 60 VOLTS 


Digitized by Google 


1917] ELECTRIC STRENGTH OF AIR 173 


TABLE III—OSCILLOGRAM OF THE VOLTAGE ACROSS THE LOW-TENSION 
TERMINALS OF THE TRANSFORMERS AT 60 VOLTS 


Ordinate No. Length (Length) 
1 0 0 
3. 2.5 6.25 
3 5.0 25.00 
4 7.0 49.00 
5 11.5 132.25 
6 15.3 234.09 
7 17.8 316.84 
8 20.3 412.09 
9 22.3 497.29 

10 24.2 585. 64 
11 25.0 625.00 
12 26.0 676.00 
13 27.0 729.00 
14 28.0 784.00 
15 28.6 817.96 
16 27.0 729.00 
17 25.2 635.04 
18 23.5 552.25 
19 22.7 515.29 
20 21.0 441.00 
21 17.8 316. 84 
22 15.0 225.00 
23 12.0 144.00 
24 8.8 77.44 
25 5.2 27.04 
26 0.0 0.00 


The oscillograms taken at 40 and 60 volts respectively are given 
in Fig. 14 and 15. 

In the direct-current experiments the procedure was much the 
same, the high-tension voltage however being read directly on 
the voltmeter in series with the multiplier, no peak factor de- 
termination being necessary. Іп the case of the negative corona 
the electroscope curve could not be obtained due to the disad- 
vantage of raising the voltage above corona as noted above and 
finally, the galvanometer method of detecting the corona was 
used. i 

Accuracy of Observations. The accuracy of observation in the 
case of the alternating-current corona was limited only by the 
accuracy of reading the voltmeter, as the observations could 
be repeated again and again from day to day when correction 
was made for temperature and pressure, and the other factors 
entering into the determination of the value of E could be deter- 
mined to a small fraction of 1 per cent. The voltmeter could be 
read to 1/5 of a division at 60 volts or about 1/3 per cent. It is 
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recognized, however, that the accuracy also depended upon the 
measurements of peak factor on the oscillograms. "The method 
of measuring these has already been outlined and as the value of 
the peak factor varied only 0.07 per cent over the range of volt- 
age used, it is felt that the measurement of voltage is the 
limiting factor, as stated above. The accuracy in the continuous 
current case was also limited by the voltmeter reading and was 
about 1/3 per cent also. 


IV. FINAL EXPERIMENTS 


Relation Between Critical Surface Intensity and Diameter of the 
Wire for Alternating Voltage. In Table IV are given the results 
of observations on six sizes of wire in a tube 6.109 cm. in diameter. 
The first column gives the wire diameter in centimeters, the 
second column the “density factor" 6, as obtained from Peek’s 
relation 


_ 3.92 p 
du 273 +1 (1) 


and the third column the primary volts. V the critical voltage 
(maximum) is obtained by multiplying the primary voltage by 
the ratio of transformation and the peak factor. Тһе relation 


V 


шин а log. b/a 


(8) 


was used 1n calculating the critical surface intensity Е. 

Relation Between Critical Surface Intensity and. Diameter of the 
Wire for Positive and Negative Continuous Voltage. In Table V 
are given the results of observations on the same wires for 
positive corona and in Table VI for negative corona. The first 
column is again the wire diameter, the second column the density 
factor calculated from the observed temperature and pressure 
and the third column the voltmeter reading. The critical volt- 
age V is obtained by multiplying the voltmeter reading by the 
multiplying factor. Тһе last column is obtained as before: 

Тһе small number of observations on the negative corona is 
due to the great difficulty experienced in obtaining them as 
mentioned before. Аз many as ten trials with their attendant 
polishing, centering, etc., were often required to obtain a stable 
corona. Тһе galvanometer in the grounded circuit proved а 
great help as the galvanometer only remained on zero up to 
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corona forming voltage when the wire was absolutely clean and 
if at no time during the run the voltage had been raised above 
that required to form corona on the given wire. | 

Determination of the Constants A and B of Formula (1). As 
stated in the introduction the formula connecting E (the critical 
surface intensity) with the diameter of the wire is of the form 


E-A84 BN À (1) 


TABLE IV—ALTERNATING CURRENT 


Density factor Crit. voltage | Crit. surface т- 
Diam. wire cms. $ Primary volts (maximum) V | tensity E (kv.) 

f 

0.074 1.005 35.8 13,120 80.6 | 

1.005 35.8 13,120 80.6 j 

1.005 35.8 13,120 80.6 | 
0.090 1.005 39.65 14,530 77.1 
1.005 39.65 14,530 74.1 
1.005 39.65 14,530 77.1 
0.107 1.005 42.85 15,700 72.6 
1.005 43.05 15,780 73.0 
1.005 43.20 15,830 73.2 
0.125 1.005 45.6 16,700 68.8 
1.005 45.65 16,720 68.9 
1.005 45.7 16,750 69.0 
0.166 1.005 53.5 19,610 65.6 
1.005 53.5 19,610 . 65.6 
1.005 53.5 19,610 65.6 
0.231 1.005 61.4 22,500 59.6 
1.005 61.4 22,500 39.6 
1.005 s 61.4 22,500 59.6 
0.231 1.000 64.2 23,520 59.7 
1.000 64.2 23,520 59.7 
1.000 64.2 23,520 59.7 


where, E = critical surface intensity in kilovolts per centimeter. 


5 = Density factor. 
A and B = Constants. . 


То determine these constants from the observed results the 
method of least squares was used. Тһе calculation as applied to 
the positive corona is given in full in Table VII. Attention is 
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TABLE V—POSITIVE CORONA 


Diam. wire Density Critical vol- Crit. surf. 
cms. factor 6 D-C. volts Mul. fac. tage (V) intensity (E) 
0.074 1.02. 228.0 52.16 11,897 71.0 
1.02 227.5 52.18 11,871 76.9 
1.02 228.0 52.18 11,897 77.0 
1.00 558.0 19.88 11,660 75.5 
1.00 587.5 19.83 11,650 75.4 
1.00 587.5 19.83 11,650 75.4 
1.022 227.5 52.18 11,871 74.1 
1.022 227.5 52.18 11,871 77.1 
1.022 227.5 ,92.18 11,871 77.1 
1.035 442.5 28.36 12,549 74 | 
1.035 443.0 28.36 12,560 rg M 
1.035 443.0 28.36 12,560 77.2 
0.090 1.01 657.5 19.83 13,038 72.8 
1.01 657.5 19.83 13,038 72.8 
1.01 657.5 19.83 13,038 72.8 
1.02 665.0 19.83 13,187 73.6 
1.02 665.0 19.83 13,187 73.6 
1.02 665.0 19.83 13,187 73.6 
1.007 ‚ 637.5 19.83 13,038 74.8 
1.007 867.5 19.83 13,038 72.8 
1.007 637.5 19.83 13,038 72.8 
1:02 665.0 19.83 13,187 73.6 
1.02 665.0 19.83 13,187 73.6 
1.02 665.0 19.83 13,187 73.6 
1.005 657.5 19.83 13,038 72.8 
1.005 657.5 19.83 13,038 72.8 
1.005 657.5 19.83 13,038 72.8 
0.998 654.0 19.83 12,969 71.4 
0.998 654.0 19.83 12,969 71.4 
0.998 654.0 19.83 12,969 71.4 
1.025 253.0 52.18 13,200 18.7 
1.025 253.0 52.18 18,200 73.7 
1.025 253.0 52. 18 13,200 73.7 
0.107 1.022 275.0 52.18 14,350 69.2 
1.022 275.0 52.18 14,350 69.2 
1.022 275.0 52.18 14,350 69.2 
1.035 533.0 28.36 15,116 69.9 
1.053 532.5 28.36 15,102 69.8 
1.035 533.0 28.36 15,116 69.9 
0.125 1.008 292.5 52.18 15,263 66.8 
1.008 292.5 52.18 15,263 66.8 
1.008 292.5 52.18 15,263 66.8 
0.166 1.003 357.5 52.18 18,654 62.4 
1.003 357.5 52.18 18,654 62.4 
Я 1.003 357.5 52.18 18,654 62.4 
0.231 1.02 422.5 52.18 22,046 58.4 
1.02 422.5 52.18 22,046 58.4 


1.02 | 422.5 . 52.18 22,046 58.4 


1917] ELECTRIC STRENGTH OF AIR 177 


called to the excellent agreement in the observed results and 
those calculated by the formula. Тһе observed values are given 
in the ninth column of Table VII, the calculated values in next 
to the last column and the percentage error referred to the ob- 
served values in the last column. This error 1s less than 1 per 
cent with the exception of the wire of radius 0.0535 cms. 
Similar calculations were made for the alternating voltage and 


TABLE VI—NEGATIVE CORONA 


Diam. wire Density Critical vol- Crit. surf. 
cms. factor 6 D-C. volts Mul. fac tage (V) intensity (E) 
0.074 1.003 462.5 28.36 13,117 80.6 
1.003 462.5 28.36 13,117 80.6 
1.003 462.5 28.36 13,117 80.6 
0.090 1.03 517.0 28.36 14,662 71.8 
1.03 517.5 28.36 14,676 71.9 
1.03 517.0 28.36 14,662 71.8 
0.9907 503.0 28.36 14,265 75.6 
0.9907 502.5 28.36 14,230 75.6 
0.9907 503.0 28.36 14,265 75.6 
0.107 1.003 560.0 28.36 15,880 73.5 
1.003 560.0 28.36 15,880 73.5 
1.003 560.0 28.36 15,880 73.5 
1.125 0.992 587.0 28.36 16,657 68.6 , 
0.992 587.0 28.36 16,657 | 68.6 
0.992 587.0 28.36 16,657 68.6 
0.166 1.003 667.5 28.36 19,214 64.3 
1.003 667.5 28.36 19,214 64.3 
1.003 667.5 28.36 19,214 64.3 
0.231 1.001 431.0 52.18 22,440 59.3 
1.001 431.0 52.18 22,440 59.3 
1.001 431.0 52.18 22,440 59.3 


the negative continuous voltage and the following constants 
were found. | 


Positive Corona 


А = 33.7 В = 11.5 


Negative Corona 
A = 31.02 | B 


13.5 


Alternating-Current Corona 
А = 33.7 В = 12.6 
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TABLE VII—CALCULATION OF CONSTANTS A AND B USING METHOD OF 
LEAST SQUARES. POSITIVE CORONA 


53 53 5 

r 8 57 8 - == > 

r r 
0.037 1.02 1.0404 1.061 28.68 5.375 27.77 
0.045 1.025 1.0506 1.076 23.9 4.885 22.7 
0.0535 1.022 1.0445 1.068 19.97 4.47 19.14 
0.0625 1.008 1.0161 1.025 16.4 4.05 16.12 
0.083 1.003 1.0060 1.01 12.16 8.85 12.07 
0.1155 1.02 1.0404 1.061 9.19 3.03 8.82 
2 6.198 25.235 106.62 


5 P Error % 
r E obs. ФЕ а) E E E Calc. per cent 


0.037 77.0 78.54 5.27 405.79 77.1 — 0.13 
0.045 73.7 75.54 4.765 351.18 73.4 + 0.41 
0.0535 69.2 70.72 4.375 302.75 70.0 —1.1 
0.0625 66.8 67.33 4.015 268.2 66.7 + 0. 14 
0.083 62.4 62.59 3.475 216.84 62.1 + 0.48 
0. 1155 58.4 59.56 2.97 173.45 58.5 — 0.17 
2 414.28 24.87 1718.21 


Resultant values A = 437.7, В = 11.5. 


Тһе values of E for the six sizes of wire calculated from the 
formula, 

B 
v 
using the above constants are given in Tables VIII and IX and 
plotted in Fig. 16. 


E=A 


TABLE VIII—ALTERNATING CURRENT 
RELATION BETWEEN DIAMETER AND CRITICAL SURFACE INTENSITY 


Critical voltage |Crit. surf. inten- 


Diam. wire cms. | Density factor 8 | Primary volts (max.) (V) sity E (kv.) /cm. 
0.074 1.005 35.8 13,120 80.6 
0.090 1.005 39.65 14,530 77.1 
0.107 1.005 43.0 15,760 72.9 
0.125 1.005 45.7 16,750 09.0 
0.166 | 1.005 58.5 19,610 65.6 

59.6 


0.231 1.005 61.4 22,500 
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TABLE IX—CONTINUOUS CURRENT 
(POSITIVE) 
RELATION BETWEEN DIAMETER AND CRITICAL SURFACE INTENSITY 


Voltmeter Critical vol- |Crit. surf. inten- 

Diam. wire cms. | Density factor 5 reading tage (V) sity. E (kv.) /cm. 
0.074 1.02 228.0 11,897 77.0 
0.090 1.025 253.0 ` 13,200 73.7 
0.107 1.022 275.0 14,350 . 69.2 
0.125 1.008 ‘ 292.5 15,263 66.8 
0.166 1.003 357.5. 18,054 02.4 
0.231 1.02 422.5 _ 22,044 58.4 

(NEGATIVE) 
. Voltmeter Critical vol- Crit. surf. inten- | 

Diam. wire cms. | Density factor ё reading tage (V) sity E (kv.) /cm. 
0.074 1.003 462.5 13,117 80.6 
0.090 1.03 517.0 14,662 77.8 
0.107 1.003 560.0 15,880 73.5 
0. 125 0.992 587.0 16,657 68.6 
0.166 1.003 677.5 19,214 64.3 
0.231 1.001 431.0 22,490 59.3 


In Table X is given a comparison of the results of observations 
on positive, negative and alternating-current corona with the 
results of the more important earlier researches. Тһе formula, 


8 


CRITICAL INTENSITY - KV. PER CM. 
5 
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was used in all cases and the values of the constants A and B 
(as taken from the accounts of the different investigations and 
given in Table XI), substituted in order to obtain the values of 
E given in Table X. 
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The values of Table X for the alternating-current case are 
plotted in Fig. 17, those for the continuous current case (positive 
and negative) in Fig. 18. 


TABLE X—COMPARISON OF RESULTS 
CRITICAL SURFACE INTENSITY: KILOVOLTS PER CENTIMETER 


Alternating current | Continuous current 
Diam. White- White- White- 
wire White- head & | head & | Farwell | head & Farwell 
cm. head Peek Brown Brown T Brown - 
| + 
0.074 81.2 80.7 80.3 76.0 75.7 80.8 76.9 
0.090 76.6 76.0 76.0 71.9 71.6 76.1 72.0 
0. 107 72.9 72.3 72.5 68.9 68.3 72.4 69.8 
0. 125 69.9 69.2 69.6 66.2 65.5 69.3 67.2 
0. 166 64.8 64.1 64.8 61.9 61.1 64.2 62.0 
0.231 59.9 59.1 60.1 57.6 56.6 59.1 58.7 
DISCUSSION 


The fact that positive corona appears at a lower voltage than 
negative for the same size wire is in accord with the theory of 
secondary ionization if we assume that the negative ion is the 
principal ionizing agent. This is practically certain owing to 
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its energy of motion being greater than that of the positive ion 
under a given voltage gradient. If a difference of potential be 
applied between a wire and concentric cylinder the negative ions 
or electrons present in the air will move under the influence of 
the electric field. In so doing they will collide with the mole- 
cules of the air and they may or not produce other ions, depend- 
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ing upon their velocity. Now suppose the wire is positive. In 
this case the electrons will move inwards (toward the wire) and 
in so doing will move in the direction in which the intensity of 
the field is increasing. Thus new ions caused by collisions аге 
formed in stronger and stronger fields and there is a consequent 
tendency to multiply to the concentration corresponding to 
corona formation. On the other hand if the wire is negative, 


TABLE XI 
Name of Constants 
Type of voltage | investigator мж—Ж—5Д — 
A B 
a-c. Whitehead 32 13.4 
a-c. Peek 31 13.5 
d-c. Farwell 31.6 11.9 
d-c. Farwell 35.0 11.4 


the electrons will move outwards in the direction of decreasing 
field intensity. Only those which start from near the wire pass 
through the field of strong electric force so that the number of 
ions produced by collisions is much smaller than in the first case 
or a higher difference of potential will be required to produce 
enough ions by collision to start corona. 

There is nothing new in the convergence of the curves for 
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positive and negative corona. Schaffers, Watson, Mackenzie 
and Farwell all found evidences of this. As the meeting point 
is a function of the pressure and the diameter of the wire it is 
hard to compare the results of the different investigations оп. 
this basis. If the curves for positive and negative corona be 
extended they will meet at а point corresponding to a wire of 
diameter 0.285 cms. 
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Farwell states that the appearance of negative corona changes 
with increase of wire diameter and voltage, that the negative 
corona started with a bright spot or two on small wires followed 
by a continuous brush discharge as the voltage was increased and 
that for the larger wires the brush discharge appeared immedi- 
ately upon reaching the critical voltage. Іп the present experi- 
ments by careful polishing and by raising the voltage in very 
small steps it was found possible to make the negative corona 
appear sharply as a continuous bluish glow on all the wires used. 
If the voltage was raised the smallest amount above that neces- 
sary to produce corona, the bluish glow collapsed to a purplish, 
point discharge and by lowering the voltage until the discharge 
just disappeared, a value of E was obtained in close agreement 
with Farwell. It is believed that this explains to some extent 
the low values obtained by Farwell in this case. 


V. ExPERIMENTS TEsTING THE THEORY OF CORONA 
FORMATION 


Theory of the Start of Corona. According to the theory of 
secondary ionization, if a difference of potential be applied to a 
tube and concentric wire, the free electrons present in the air 
between will acquire a velocity under the electric field. "The 
velocity will depend on the applied difference of potential, and 
the ‘‘mean free path” of the electron. Іп order that corona form 
about the wire it is necessary that the electron acquire a velocity 
sufficient to produce other electrons by collision and that this 
process multiply to some state of concentration constituting 
corona. .If the possible free path of the electron be limited in 
any way, a higher difference of potential will be required to give 
the critical velocity to the electron or to produce corona. 

To test this theory concentric metal tubes with thin walls and 
insulating supports were introduced between the wire and the 
corona tube proper, in order to reduce the possible free path of 
the negative 1on under the influence of the electric field and to 
observe the effect of this reduction on the value of V, the maxi- 
mum value of the voltage required to produce corona. Тһе 
great difficulty in such experiments 1$ to determine when corona 
starts when the secondary tube is in place. On applying con- 
tinuous voltage to the wire it was found that the voltage could 
be carried far above that required to start corona when the 
auxiliary tube was not in place without the slightest deflection of 
a galvanometer connected between the tube and ground and 
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without any indication of glow about the wire. It was at first 
thought that this could be explained on the hypothesis that the 
intermediate tube cut down the number of ionizing electrons 
already in motion in the outer portion of the field in accordance 
with the indications of the theory. Ап electrostatic voltmeter 
was then connected between the inner tube and the ground and 
the voltage again applied. Оп removing the voltage from the 
central wire the intermediate tube was found to retain a poten- 
tial, as shown by the electrostatic voltmeter. Ап electroscope 
carrying a charge of known sign showed that the intermediate 
tube was charged to a potential of the same sign as the wire. 

The failure of the galvanometer to deflect or of :corona to 
appear was now easily explained; the presence of the high poten- 
tial of the same sign on the intermediate tube lowered the po- 
tential gradient between the wire and the outer tube and there- 
fore prevented the appearance of corona. That this is the cor- 
rect explanation was shown by the absence of charge on the inner 
tube for voltages below corona. Тһе conclusion therefore is 
that the corona may form at normal voltage, generating positive 
and negative ions. Тһе ions of the opposite sign are attracted 
to the wire, those of like sign are driven to the intermediate tube 
where they raise its potential. This elevation of potential con- 
tinues until it is sufficient to lower the intensity at the surface 
of the corona wire below corona forming value. Тһе whole 
process is probably instantaneous. . 

Alternating current was then applied to the wire as it was 
thought that the inner tube would not acquire the charge noted 
above. Тһе kenotron was used to rectify the current which 
flowed from the outer tube to the ground through the galvano- 
meter, which was retained in these alternating-current experi- 
ments by reason of its value as a detector. Here again trouble 
was encountered due to a charge accumulating on the outer tube 
which disturbed the potential gradient and made it impossible 
to obtain corona even on raising the voltage far above that re- 
quired to start corona when the outer tube alone was used and 
connected directly to ground. 

The kenotron is а perfect rectifier and allows current to flow 
in one direction only. During the half cycle when the wire 1s 
positive a charge of the opposite sign is acquired by the tube 
through the kenotron. During the next half cycle the wire 
becomes negative, but a positive charge does not accumulate on 
the outer tube as the kenotron is conducting in but one direction. 
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The negative charge already there cannot return through the 
kenotron for the same reason and with each successive half-cycle 
more and more charge accumulates until the outer tube is соп- 
siderably above ground potential, which lowers the effective 
potential gradient and prevents the formation of corona. 


TABLE XII 
INFLUENCE OF CONCENTRIC SCREENING TUBES ON CORONA VOLTAGE 
(WITHOUT INNER TUBE) 


A-C. volts Shunt in ohms IIT 
1 
40.0 11.0 3.780 
45.0 10.0 4.060 
50.0 9.0 4.400 . 
55.0 8.5 4.605 
60.0 7.5 5.080 
65.0 7.0 5.340 
67.5 6.0 6.100 
70.0 5.0 7.120 
72.5 3.0 11.200 
(WiTHOUT INNER TUBE) 
A-C. volts Shunt in ohms T 
1 
40.0 12.0 3.56 
45.0 11.0 3.78 
50.0 10.0 4.06 
55.0 9.3 4.30 
60.0 8.7 4.52 
62.5 8.3 4.69 
65.0 7.6 5.03 
66.0 6.5 5.71 
Galvanometer Deflection Constant = 1 cm. 
Visual Corona With Tube z 09.1 
Visual Corona Without Tube = 64.2 


А vibration galvanometer in the ground connection was next 
used and after many trials the results shown in Table XII and 
plotted in Fig. 19 were obtained. Тһе instrument used was of 
the soft iron magnet type, in which a piece of soft iron is sus- 
pended by a silk fibre between the poles of a horseshoe magnet. 
А coil carrying the alternating current to be measured produces 
а field perpendicular to that of the magnet. The temporarily | 
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magnetized piece of iron vibrates in synchronism with the al- 
ternating current and with an amplitude proportional to the 
strength of the current. Тһе period of the moving system is 
adjusted to resonance by a magnetic shunt on the limbs of the 
magnet. | 
The first column gives the primary volts. Тһе deflection of 
the galvanometer was held constant at one centimeter, by уату- 
ing a non-inductive shunt across the instrument. The values of: 
the shunt used are given in the second column. The total current | 
flowing from the tube at any given voltage on the wire, is given 
by 
| шэг аг (9) 


GALV. DEF.- CM. 
© 


> 


SO TERNATING-CURRENT VOLTS 


Fic. 19—EFFECT OF CONCENTRIC TUBES 
Diameter outer cube = 6.98 cm. 
Diameter inner tube = 2.448 cm. 
Diameter wire = 0.231 cm. 


where, rı = resistance of the galvanometer. 
^ уз = resistance of the shunt. 
i, = current through the galvanometer. 


As the galvanometer current was held constant, the above equa- 
tion reduces to 


i= pote (10) 
71 


The values of п are entered in the last column and the 
1 


rite 


curve (Fig. 19) is plotted between , which is proportional 
to the total current flowing, and the primary volts, on the trans- 
former. The values at which visual corona appeared with and 
without this tube, which was 2.448 cms. in diameter, are given | 
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in Table XIII and also marked on the curve. Three other tubes 
were inserted and observations made on the visual corona with 
and without them. These values are also entered in the table. 


TABLE XIII 
. EFFECT OF THIN CONCENTRIC INSULATED TUBES ON CORONA VOLTAGE. 


Diameter inner tube cms. Primary volts 


2.448 ` 68.7 
1.829 69.1 
1.209 62.0 (Spark over) 
0.605 РЕ С e 5) 
No tube 64.2 
Diameter outer tube 6.98 cm. Diameter wire 0.231 cm. 


Discussion. Тһе curve (Fig. 18) shows that the charging 
current is higher when the intermediate tube is in place as it 
should be owing to the increased capacity. Тһе curves follow 
straight lines up to a value of voltage required to produce corona 
with no intermediate tube. Ап indication is given that the 
corona current rises more rapidly when the tube is not in place 
which is in accord with the theory. Corona appears at a higher 
value of voltage when either of the larger tubes is inserted which 
is in accord with the theory, as they cut down the number of 
ionizing electrons already in motion due to the outer portion of 
the field. If we omit the value obtained for the 1.209 cm. tube 
which is uncertain owing to spark over, we see that the smaller 
the diameter of the inner tube the higher the voltage required 
which is again in accord with the theory as the smaller the inner 
tube the more the accelerating path is cut down and the higher 
the voltage required to start corona. Because of the difficulty 
of maintaining the galvanometer deflection constant (1 1s affec- 
ted by the slightest variation in the frequency) further modi- 
fications in the direction of constancy of frequency are neces- 
sary, and the experiments were terminated at this point. It is 
believed however that the above results are a reliable qualitative 
indication that corona voltage is elevated by an intermediate 
thin screen which serves as a barrier to the free passage of the 
ionizing electrons. 

VI. CONCLUSIONS 


1. The critical corona forming intensity at atmospheric pres- 
sure has been determined for six sizes of wire ranging from 0.074 . 
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to 0.231 cms. diameter for alternating and continuous potentials, 
in the same apparatus and under the same conditions. 

2. Тһе relation between critical surface intensity, that is, the 
intensity at which corona starts, and the diameter of a clean 
round conductor as found are expressed by the following laws: 


Alternating current* E = 33.7 0 + 12.6 М5 


Continuous current? p. 3975 4 15/5 
Positive 


Continuous currenti 


Е = 31.026 + i5 V 3 
Negative 


3. Within the range of wires used the corona appears at a 
lower voltage when the wire is positive than when it is negative. 
The maximum excess of negative over positive observed was 
6.3 per cent. 

4. The values with alternating voltage coincide closely with 
those of negative continuous voltage. 

5. The curves representing the positive and negative values 
converge as the diameter of the wire increases. 

6. The observations on the positive and alternating-current 
corona are in substantial agreement with those of Farwell, Peek 
and Whitehead, although new values of the constants of formula 
(1) are indicated. 

7. The observations on the negative corona give values higher 
than any heretofore obtained. 

8. Experiments with concentric insulated screening tubes in- 
dicate that the critical corona forming intensity is raised by 
their introduction. (See Table XIII and Fig. 18.) 

9. The results of the present investigation are in accord with 
the theory of secondary ionization as proposed by Townsend. 
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OSCILLATING-CURRENT CIRCUITS BY THE METHOD 
OF GENERALIZED ANGULAR VELOCITIES 


BY V. BUSH 


ABSTRACT OF PAPER 


The oscillating-current circuit differs from the alternating- 
current circuit in that the sinusoids involved are damped. 

bs the same way that alternating-currenttheoremsareobtained 

оса direct-current theorems, it is possible to obtain 

. oscillating-current theorems by still further generalization. 

This involves a generalized angular velocity and a generalized 

impedance which are complex quantities. Kirchoff’s law may 

be thus generalized; and yields a simple method of determining 

the generalized angular velocities, and thus the frequencies and 
decrements, of free oscillation. 

Since, in an oscillating-current circuit, there is no impressed 
voltage, the initial voltage present in the circuit must be used in 
determining the amplitudes of oscillation. This results in the 
introduction of a ‘‘threshold impedance” for use in determining 
the amplitudes, which is obtained by a single differentiation from 
the generalized impedance. Further direct-current rules may 
also be readily generalized for convenient use in the solution of 
oscillating-current circuits. 

A simple example is given to show the method of procedure. 
The discharge of a leaky condenser through a reactor furnishes 
a second example which better illustrates the convenience of the 
method for numerical computations. Ав a third example the 
oscillation of a three section artificial cable under particular 
terminal conditions is chosen. Тһе algebraical portion of this 
example is given in an appendix. 

А 115% of symbols used will be found at the end of the paper. 


— —— 


INTRODUCTORY 


N SOLVING alternating-current networks it is convenient to 

make use of the pure imaginary, ј. А sinusoidally varying 

quantity is represented by a revolving plane vector, and this 
in turn by the expression: 


A єј о! 


А is the amplitude, and w the “angular velocity" of the har- 
monic quantity or of the vector which represents it. When such 
expressions are combined according to the laws of algebra, true 
physical results are obtained because of the fact that harmon- 
Manuscript of this paper was received October 9, 1916 
189 


190 BUSH: OSCILLATING-CURRENT CIRCUITS  [Feb. 15 


ically varying quantities combine in accordance with the same 
laws as does this easily handled mathematical expression. 

The use of this symbolism much simplifies the solution of 
such circuits; and much of this simplification results from the 
translation of direct-current rules into alternating-current rules 
by a proper exchange of terms. Thus Ohm's law is retained in 
its simplicity for the alternating-current case by the substitution 
of impedance for resistance; and the impedance of a circuit is 
defined іп such а manner that the law will hold. 

In oscillating-current circuits we consider the subsidence of a . 
system from one state to another in the absence of impressed 
forces. The quantities involved vary in accordance with 
damped sinusoids. They may be represented by revolving 
plane vectors, which shorten exponential as they revolve. 
Such a vector may be represented by the expression: 


A є"! 
where 7 is a complex quantity of the form: 


n=—-a+jw 


If we rewrite the expression in the form: 


it is seen to consist of the term of the alternating-current case 
multiplied by a damping factor. In such an expression the 
complex quantity п may be conveniently called a generalized 
angular velocity; and we may form from it generalized impe- 
dances, generalized admittances etc. in a manner exactly anal- 
_ agous to the alternating-current case. 


THE FREQUENCIES AND DECREMENTS OF FREE OSCILLATION 


Kirchoff's law, that the sum of the voltages around a closed 
path in a direct-current circuit is zero, is translated for use in 
alternating-current circuits by substituting the term impedance 
for resistance. 

In similar manner it may be extended for use in oscillating- 
current circuits by putting in instead the term, generalized 
impedance, Since there are in this case no impressed voltages 
to be considered, the law may be more conveniently expressed 
by stating that the generalized impedance of a closed circuit to 
free oscillations is zero. 
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In the direct-current case the law furnishes an equation for de- 
termining an unknown constant. In the alternating-current 
case it may be used also to determine the frequency if everything 
else is known. Іп the oscillating-current case it may be used to 
determine the unknown generalized angular velocities of os- 
cillation. "This proposition was used by Rayleigh and Heaviside; 
and has been presented in more explicit form for convenient use 
by Eccles, Campbell, and Kennelly.t | 

One example will be sufficient to 
show the convenience of the law for 
practical use. Consider the series 
circuit of Fig. 1; condenser of 
capacitance C, discharging through 

Fic. 1—SIMPLE SERIES а reactor of inductance L and re- 
Я м sistance №. 

If we let л be the unknown generalized angular velocity, and 

apply the law to this circuit, we obtain 


К+ La -0 


From which, solving for n, there results: 
R 1 R \? 
m E SS jV те- (52). 


Assuming for convenience the quantity under the radical positive 
the angular velocity of free oscillation of this circuit is thus: 


VE 


1 
LC 
or the frequency of oscillation is 


1 А/ 1 R ) 
27 LC 2L 

tRayleigh, Theory of Sound. 

Heaviside, Electromagnetic Theory, Vol. 2. 

Eccles, Electrician, 1915. Phys. Soc. Proc. 24, 1912. 

Campbell, Trans. A. I. E. E., 1911. Vol. XXX, Part II, p. 873. 

Kennelly, Proc. Institute Radio Engineers, 1915. 
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and the circuit has a decrement expressed by 


23: 
ФТ, 


This familiar result, in which there may be three cases according 
to the sign of the quantity under the radical, is thus arrived at 
simply by the solution of an algebraic equation, without the 
necessity of employing the calculus. 


THE AMPLITUDES OF FREE OSCILLATION 

If we attempt to translate Ohm's law in analogous manner, 
in order to arrive at the amplitudes of oscillation, a difficulty 
arises because of the fact that there is no impressed voltage 
‚ present in an oscillating-current circuit. Тһе impressed voltage, 
and the generalized impedance, are both zero; and their quo- 
tient is indeterminate. 

There is however always an initial voltage present in such a 
circuit due either to an initial charge on a condenser, or to an 
initial current through a resistor. We seek then a function of 
the constants of the circuit, the generalized impedance 2, and | 
the free generalized angular velocities » which shall give the 
amplitudes of oscillation when divided into the initial voltage. 

Such a function will be found in the expression. 

„ 42 
ап. 
It may well be called on account of its peculiar properties the 
"threshold impedance” of the circuit. 


If а circuit, initially containing a voltage E, be allowed to 
oscillate freely, the initial amplitude of current oscillation will be. 


and the current expression accordingly, the sum of terms of the 
form | 


E є"! 
с 


ап 
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where each term is formed from one of the values of » resulting 
from the solution of the equation | . 


2-0 


2 is formed for the entire circuit, considering the element ini- 
tially charged as the main branch. 

The proof of this second law is neccesarily logs: ; and may well 
be omitted in a paper of this character. The “threshold impe- 
dance" appears in papers by Heaviside.] 

When there is only a single frequency of oscillation present, as 
in the series circuit treated above, this second law is unnecessary ; 
for the amplitude may be written down by inspection. In more 
involved networks, where several frequencies of oscillation exist 
simultaneously, the law furnishes a very convenient means of 
determining the amplitudes of the several terms in the solution. 


SOLUTION OF CIRCUITS 


To completely solve an oscillating-current network, the 
method of generalized angular velocities thus requires the fol- 
lowing steps: 

1. Form the generalized impedance of the network, consider- 
ing as the main branch the element initially charged. 

2. Equate to zero, and solve for the generalized angular 
velocities of free oscillation: nı 722 П3..... 

3. Form the threshold impedance, 


42 
T=n d 
and insert the roots for п found above to form a series of values 
of the threshold impedance: Т, Г. Тз..... 
4. Divide the initial voltage E of the circuit by each of these 
values to form a corresponding set of amplitudes. 
5. Write the oscillating-current expression in the form 


eni! + E”: + 


| Е Е 
$ = es! +. 
Ti 3 
IHeaviside, Electrical Papers, Vol. 2, p. 373., Electromagnetic Theory. 
Vol. 2, p. 135. 

Since this paper was written, an excellent proof of the second law by 
Wagner has appeared in Archiv für Elektrotechnik, 1916, Band IV, 5/6 
Heft. 
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or more concisely, 


-5 Е g 


where the summation extends over the values of n found from 


the equation, 
| 2-0 


It will be noted that in the above the generalized angular 
velocities, generalized impedances, threshold impedances and 
generalized amplitudes are all complex quantities. Upon re- 
ducing the final expression to the usual trigonometric form by 
the use of the identity. 


6 -сов мі-Б ј біп ші 


the imaginary portions of the expression will of necessity cancel 
out, and leave a real trigonometric expression for the current. 

Further rules for the examination of oscillating-current circuits 
may be readily obtained by generalization. 

The current or voltage in a distant portion of the network may 
be found by combining the generalized impedances of the 
elements in the manner of simple resistances. Here as before the 
several terms of the current or voltage expressions are to be 
treated separately. An element has a generalized impedance 
corresponding to each free generalized angular velocity, to be 
used with the term of the current or voltage expression contain- 
ing the same value of n. 

When several stores of energy are simultaneously discharged, 
they may be treated separately and the results added. 

Cases of oscillation under a suddenly applied steady electro- 
motive force may be treated as the inverse of the discharge from 
the final state attained. 

Oscillations under suddenly applied alternating voltages may 
be similarly treated; but the solution here rapidly becomes in- 
volved algebraically. 

Examples of the Method. Three examples of the practical use 
of the method will be given. Тһе first is very simple, to outline 
the procedure only. The second is of somewhat more complexity 
and is solved numerically. 'The third is intended to exemplify 
the method when several frequencies are present simultaneously. 
The inductively coupled circuit, which furnishes an excellent 
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example for this purpose, is reserved because of its interest. for 
separate treatment. The method as used has been checked in 
numerous cases by the use of parallel solutions of the differen- 
tial equation. Circuits such as that of example III have also 
been checked by the oscillograph and the artificial line at 
Harvard University. 

I. Consider the circuit of Fig. 2: a condenser of capacitance 
C, initially charged to potential E, and discharging through 
simple resistance R. 

The generalized impedance is, 


2 = В —— ohms Z 
т Cn 
R 
с R 5 
Fic. 2—CiRCUIT OF EXAMPLE I Fic. 3—CIRCUIT OF EXAMPLE II 


Equate to zero, solve for п, and there results, 
n = — яг hyp. rad./sec. 
ТЕС ур. ./ вес. 
The threshold impedance is obtained from 2 by differentiation; 


EEE НИНЕ е ohms Z 


For the free value of и found, this has the value, 


Тэгш ERNE ohms 


с( - xc) 


The current in the circuit is thus, 


€ amperes 
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which may be checked by inspection and is the well known 
result. — 

II. As а better example, consider the network of Fig. 3; a 
condenser of capacitance C, initially charged to potential E, 
shunted by resistance R, and discharging through a coil of in- 
ductance L and resistance r. 

Consider the condenser as the main branch, and form the 
generalized impedance: 


| 1 1 
mb ae cwm 
R r+Ln 


_ R+rtLn+RrCn+RLlCn’ 
- САТО оше 


Equate to zero, and solve for п, and there results, 


7 1 M 1 7 1 ү 
п=- 3r +58) =: ic-(xr +a) Бур. 
th 2RC LC 2L ОКС rad. /зес. 


It may be noted in passing that if we had formed Z with 
another branch, say R, as the main branch; 


1 


1 

лет r+Ln 

 R+trtint+RrCn+RLCwr 
7 I+rCn+LCr шахаж 

the same roots for n would have resulted upon equating to zero. 

Owing to the difference іп the denominator, however, 2с should 

be used in forming the threshold impedance. 

Form the threshold impedance: 


fd Ze 
d шеш 
__ (КІ С І? С) т 21 С(К +) п С(К + ry 


Cn(Ln-rFR-4ry onma 4 
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For the sake of brevity let us now introduce the numerical 
values of the constants: | 
10-5 farad. 
0.1 henry. 
10 ohms. 
100 ohms. 
100 volts. 


Substitute these values in the expressions above, and we obtain 
п = — 550.0 + j 835.2 
Г = + 101.2 +7 153.8 


We may now write the expression for the oscillatory current 
in the condenser, 


253 но 
| 


dc = . 10 — є(-550.0 + j 835.2): 
101.2 — j 153.8 
100 


о. £(—9550.0—34 835.2) t 
1012471588 * ? аре 


+ 


Note that in this expression each threshold impedance is 
associated with the term containing the generalized angular 
velocity from which it was derived. 

Reduce the expression to trigonometric form, and combine 
terms, and it becomes, | 


Зс = 1.089 в-550.04 sin (835.2 ¢ + 0.9882) amperes. 


Suppose we now wish the current in the coil. Тһе condenser 
current divides between the other two branches in the ratio of 
their generalized admittances. 

This ratio is, 


TEM uM numeric Z 
R+(r+Ln) 

or numerically, 
0.550 + 7 0.8352 | numeric Z 


Multiply the exponential expression for іс by this ratio; 
paying due attention to signs, and the coil current results: 


4, = (— j 0.5443) e(-550.0 + j 835.2)! 
+ (7 0.5443) «(-550.0-2/ 835.2): amperes 2 
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and this may be reduced to, 
4 = 1.0886 в-55020: sin835.2¢ == amperes. 


If we desire the voltage accross the inductance L, multiply 
т by L n, or by, 


(55.0 + 7 83.52) | ohms Z 
and obtain on reducing, шэг Е 
e, = 108.9 в-550.0: sin (835.2 t — 0.9882) 


and so on. 


Fic. 4—DISCHARGE OF LEAKY CONDENSER— EXAMPLE II 


These values are plotted in Fig. 4. 

III. In the above example there are two conjugate roots for 
n, and hence a single frequency of free oscillation. The third 
example shows a case where more than one frequency is present. 
It is chosen from a series of solutions of the oscillations of the 
lumped artificial line under suddenly applied voltage. The 
three section artificial cable, grounded at one end, and suddenly 
connected at the other to a source of potential E, is chosen; as 
it illustrates the method with the least complexity of expression. 
The method proved adequate for the solution of the more general 
case with inductance present; and a series of solutions for various 
numbers of sections was used to derive a general expression for 
the lumped line and this type of transient. This expression, 
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compares with that of a smooth line under similar conditions, 
furnished a criterion of the value of experimental results obtained 
on the lumped line for this type of transient. А lower limit for 
the number of sections could be set if such results were to apply 
to the smooth line case with allowable error. 

If the total cable capacitance is C, and resistance R, the three 
section artificial cable 15 as shown in Fig. 5. 

Putting for brevity, 


"mE 
773 


2 
~ 3 


this circuit is equivalent to that of Fig. 6. 


ww 
«|» 
712 


p. p= 
т T T + т 


Fic. 5—THREE SECTION ARTIFICIAL Fic. 6—CIRCUIT OF 
CABLE EXAMPLE III 


This is a case of charge, to be treated as the inverse of discharge 
from the final state attained. We are interested merely in the 
current in branch III. 

In the steady state there is a charge in condenser I with ter- 
minal voltage: 22 , and in condenser IT: £, 

If we compute the discharge current of each of these conden- 
sers, by the method of the previous example, and find the pro- 
portional part of each which passes through branch III, we 
obtain respectively, 


T 3T | | 
Е ^r E. cc = 
in = 3y € ЕСТІ € . amperes 
T 3T 
ЭР” Ж; то ЖЕ 2550 | 
i = Eg € + 67 € . amperes 
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In the steady state there is a current in branch III of value, 


E 


Р 8 amperes 
4” p 


Adding to this the negatives of the two discharge currents 
above gives the current in branch III due to the sudden applica- 
tion of voltage, 

1 31 
E Eque, Е (үс 


tiu = ЧУ De + 6” € amperes 


© 


CURRENT IN MILLI-AMPERES 
> 
о 


20 


"50. 60 


30 40 
TIME IN MICRO-SECONDS 


Fic. 7—RECEIVED CURRENT ON’ GROUNDED TRANSMISSION LINE— 


SMOOTH AND LUMPED LINES 


Suddenly applied steady voltage at home end—20 volts 
Line resistance 200 ohms—line capacity 10-6 farads 


or in terms of total constants, 


iar HE Эн (Re E є Е атрегез 
s R 2R 2R | 

А part of this example is treated more fully in the appendix. 

А series of curves of this type, together with the smooth line 
curve from Kelvin's formula, are plotted in Fig. 7 for typical 
constants. 

APPENDIX 
ALGEBRA OF EXAMPLE III 


In the steady state condenser I (Fig. 5) is charged to potential 
2E 


3 The discharge of this condenser is computed as follows: 


1917] BUSH: OSCILLATING-CURRENT CIRCUITS 201 


Consider branch I the main branch, and form the generalized 
impedance of the network by combining the generalized imped- 
ance of the elements in the manner of simple resistances. 


2 әəл--------------- ohms 


1 
сп + — 

r 
or reducing, 


оп + Атсп + З 
От 9) ohms 


Equate to zero, solve for », and we obtain as free generalized 
angular velocities, | 


1 
Пі = — —— 
rc 
! hyp. rad./sec. 
nN = — 8. 
Е rc 


Differentiate Z, with respect to n, multiply by n, and we 
obtain the threshold impedance. It is well to use for this pur- 
pose the form of Z, which is most easily differentiated. 


Тү = Iw ФЕ ohms. 


This threshold impedance has two values corresponding to the 
two free generalized angular velocities obtained above. Substi- 
tuting them in and reducing, there results, 


T: 1 = 27 
Б ohms 
7 
Т» = EN 
= — 2E | 
Divide the initial voltage, Сар» by each of these values of 


the threshold impedance to give the amplitudes of oscillation of 
the discharge current: 


E 
=; 
amperes 
A, = Ё 
Y 
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. Associate these amplitudes with the corresponding generalized 
angular velocities, and we have the discharge current of con- 
denser I: 


i = -z7 € '°© + „——є amperes. 


This current divides among the several branches in proportion 
to their generalized admittances. Тһе proportional part which 
passes through branches II and III is thus, 


1 numeric 
2r + "ET 
| cn + ета 
and of this the part 
22 numeric 
сп 
1 
Дел ст 


goes through branch III. Тһе proportional part in branch III 
is thus, 


E 

2 т: numeric 

2r + шин r+ — 

1 cn 

c n + P 
or 
кене — numeric. 
2rcn4-3 


This ratio again has two values corresponding to the two free 
values of n. Substituting these in we obtain. for the ratio the 
two values, 


1 and — E 


To multiply я by the ratio, we multiply each term by the value 
of the ratio which corresponds to the value of » already involved 
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іп the term. In this manner we obtain the portion of the dis- 
charge current of condenser I which passes through branch III: 


PONE Е E ES 
111 == 3r € = ae amperes. 


The discharge of condenser II is treated in like manner. 

In this example the generalized angular velocities contain no 
imaginary part. In the more general case with inductance 
present, the generalized angular velocities are complex. The 
method of procedure is identical in the two cases; and the only 
difficulty results from the length of the expressions involved. 


List OF SYMBOLS EMPLOYED 


А = Amplitude of sinusoidally varying quantity. 

j - The pure imaginary У — 1. 

Е = Naperian base. 2.718... 

w = Angular velocity. Radians per second. 

і = Тіте in seconds. 

п = Generalized angular velocity. Hyperbolic ra- 
dians per second. Z 

a = Logarithmic decrement. Hyperbolic radians 
per second. 

Сс = Capacitance. Farads. 

L = Inductance. Henries. 

В,” = Resistance. Ohms. ` 

Z = Generalized impedance. Ohms. 4 

T = Threshold impedance. Ohms. Z 

E = Initial potential. Volts. 

€ = Instantaneous potential. Volts. 

1 = Instantaneous current. Amperes 

Z 


— Sign used to denote a complex quantity. 
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TRANSIENT CONDITIONS IN ASYNCHRONOUS INDUC- 
TION MACHINES AND THEIR RELATION TO CONTROL 
PROBLEMS 


BY R. E. HELLMUND 


ABSTRACT OF PAPER 


This paper discusses a number of transient conditions existing 
in asynchronous machines immediately after certain changes 
in the circuit connections are made. "The advisability of con- 
sidering these conditions in connection with the control layout 
for the purpose of eliminating bad effects caused thereby, is 
pointed out. Тһе principal subjects considered аге unde- 
sirable peak currents, which may be caused by the damping effect 
of the short-circuited rotor windings and the over-voltages, 
which are obtained with certain control arrangements. 


DAMPING EFFECT OF CLOSED-CIRCUIT SECONDARIES 


T IS generally understood that the strong demagnetizing or 
damping effect of a short-circuited low resistance secondary 
of an inductance motor plays an important part during the start- 
ing from standstill, in so far as it counteracts and weakens the 
useful field of the motor to a considerable extent, resulting in 
very large starting current accompanied by relatively small 
starting torques. It is, however, not always fully realized that 
the same damping effect influences the motor working conditions 
in a number of other ways leading at times to very unfavorable 
effects, while serving to good advantage in other cases. 

The fundamental fact to be considered in this connection 1$ 
that any short-circuited low resistance winding will strongly 
oppose any change of flux interlinking with the winding. If the 
interlinking flux is of zero value, the building up of flux will be 
strongly opposed; on the other hand, if a certain flux happens 
to exist, its disappearance will be strongly opposed. This is due 
to the fact that any change of flux regardless of its cause or 
nature will at once induce a voltage in the short-circuited wind- 
ing which, in turn, causes currents to flow. These currents are 
of demagnetizing direction if a flux is trying to build up or in- 
crease, and of a magnetizing direction if a flux is trying to dis- 
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appear or decrease. This simple phenomenon should be kept in 
mind in connection with the design of the control with regard to 
every manipulation. 

Let us consider, for instance, the төсі common method of 
starting induction motors by connecting the motor, first to a 
low-voltage tap of an auto transformer, subsequently disconnect- 
ing the motor and connecting it to the full line voltage. It is 
frequently assumed that the largest current surge is obtained 
with this method of starting when the motor is standing still 
and first connected to the low-voltage tap of the auto trans- 
former, and that the current obtained when changing over to the 
full voltage corresponds to the current value indicated by the 
speed-current curve of the motor for full voltage. Аза matter 
of fact, it is possible to obtain change-over currents far in excess 
of the original starting currents. Тһе standard method for cal- 
culating the change-over current from the speed-current curve 
assumes that certain stable conditions exist with a rotating field 
and certain phase relations between primary and secondary 
currents fully established, a condition which, however, does 
not exist after the power supply to the motor has been tempo- 
rarily interrupted during the change-over. 

Various conditions may exist in the motor after a temporary 
interruption of power supply. When the low-voltage starting 
contacts are opened the rotating field set up in the rotor ,will be 
prevented from immediately disappearing by the previously 
mentioned damping effect of the rotor. Тһе flux will continue 
to exist and rotate with the rotor for a certain period of time 
until the stored magnetic energy is used up by ohmic losses in 
the rotor, eddy currents, and the like. Since the rotating flux 
continues to exist it will, of course, continue to induce a voltage 
in the primary winding. 

The oscillogram, Fig. 1, showing the motor voltage before and 
after the interruption of the primary contacts demonstrates this 
point. Тһе size of the voltage maintained after interruption and 
the time during which an appreciable voltage is maintained, 
depends principally upon the amount of magnetic energy stored 
in the rotor at the time of interruption as well as upon the speed 
with which this energy is used up by losses in the motor. Тһе 
losses depend largely upon the resistance in the secondary, and, 
therefore, the energy will be used up the quicker the higher the 
secondary resistance. The oscillograms, Figs. 1 and 2, were both 
taken on a 40-h.p., eight-pole, 60-cycle, wound-secondary motor. 
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In case of Fig. 1, the rotor was short-circuited, while in case 
of Fig. 2, an external resistance was introduced to bring the 
motor speed down to 800 rev. per min.; the motor was running 
light in both cases. Comparision of the two figures shows 
plainly the effect of additional resistance upon the motor flux 
and voltage after the interruption. With the short-circuited 
rotor, the voltage drops to about 80 per cent after one cycle, to 
75 per cent after two cycles and to 50 per cent after six cycles, 
while with the extra resistance in the rotor the corresponding 
values are about 60 per cent, 50 per cent and 25 per cent. With 
short-circuited rotor, the voltage practically dies out after 
about 35 cycles, or 0.6 second; with the extra resistance, only 15 
cycles or 0.25 second are required. With short-circuited second- 
ary, the motor voltage drops below half voltage after 7 cycles or 
0.12 second, while with extra resistance only 1.5 cycles or 0.025 
second are required. 

Outside of the ohmic secondary resistance losses, there are as 
already mentioned other losses participating in a secondary de- 
gree іп the consumption of the stored magnetic energy. Тһе 
sudden changes of current in both members, and the correspond- 
ing changes in leakage fluxes are naturally accompanied by ap- 
preciable eddy losses in the conductors and the iron, hysteresis 
losses and the like; other core losses are caused by the rotation 
of the sustained field 1n the stator iron, etc. 

Тһе amount of stored magnetic energy is principally given by 
the size of the total flux in the machine, which, in turn, is the 
product of the magnetic densities and the magnetic sections. 

A very simple consideration based* upon these fundamental 
facts leads to the conclusion that the flux and voltage will, in 
general, be maintained the longer, the larger the machine and 
the smaller the number of poles. While other factors, like mag- 


ЖА fair idea of the principal factors regarding the amount and time of 
the maintained flux can be obtained by the following consideration. The 
Principal energy dissipating losses, namely, the secondary resistance 
losses are, in general, proportiona to the 'ength L of the conductor per 
pole and inversely porportional to the available space for effective con- 
ductor section 5 in the rotor. Тһе length of the conductor is, in turn, 
proportional to the length of the core / plus the pole pitch T times a co- 
efficient k. Тһе pole pitch is given by 

рт 


хааг 


Where D is the air-gap diameter and р the number of poles; therefore, we 
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netic air-gap density, the copper space factor in the secondary 
winding, ratio of pole pitch to core width, etc., also have a certain 
influence, they do not vary over a wide range with up to date 
designs of small commercial motors: With larger motors now 
becoming more common in use, these points should also be given 
due consideration. 

This general conclusion is well borne out by results obtained 
in practise. It has been observed, for instance, that an in- 
duction machine of about 1500 h.p., 25 cycles, 4-poles, would 
maintain a sufficient voltage to keep incandescent lamps lu- 
minous for seven seconds after the current supply was inter- 
rupted. On the other hand, a comparison of Fig. 3, which 
applies to a 5-h.p., 10-po!e, 60-cycle motor, with Fig. 1 will show 
how a small machine maintains the flux and voltage only for a 
comparatively short period of time, the voltages following the 
circuit interruptions being about 70 per cent after one cycle, 55 
per cent after two cycles and 25 per cent after six cycles, while 


have an energy dissipating constant per pole | 


ва = (1+ 27+) 
р 5 


Thé constant of stored energy per pole Е, is given by the pole face 


DTI 
multiplied by the air gap density B 
therefore, ртїВ 
E, - 
Р 
l l рт 
Assuming a ratio › = — = 2a or] = = we have 
T рт р 
р т 
Ед = — (r + Е) — 
| р 5 
and 
E, = D? T?^rB 
Р 


It is at once evident that insofar as the stored energy is proportional to 
the square of the diameter, while the energy dissipating factor grows only 
in linear proportion, that the maintained voltage will be in time and 
amplitude, the larger, the larger the machine. А further study of these 
expressions also indicates that the maintained voltage will be in general 
the larger, the larger the air-gap densities, the smaller the number of 
pole, etc. 
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the corresponding values in Fig. 1 are 80 per cent, 75 per cent 
and 50 per cent respectively. 
Тһе load condition of the motor will also have an influence 
upon the maintained flux and voltage, which, in general, decrease 
with increased load. This is due to several reasons, for instance 
the fact that on account of the primary drops, the secondary 
flux under load is smaller than the primary flux to start with, 
further, that on account of the larger load leakage fluxes, and 
their sudden changes, more energy is dissipated by eddy currents, 
etc.; again, the lower load speed will, with a given rotor flux, 
induce less voltage in the primary than the higher no-load speed. 
This may be demonstrated by comparing Fig. 1 with Figs. 4 and 5. 
These oscillograms were taken on the same motor, with no-load 
(Fig. 1) and 11 load (Figs. 4and 5). Fig. 6, which was taken on a 
25-h.p., 6-pole, 60-cycle motor under the same load conditions as 
Figs. 4 and 5 on the 40-h.p., 8-pole motor, is also of interest. А 
comparison of these figures shows that the lower rated 25-h.p. 
motor maintains the voltage and flux better than the 40-h.p. 
motor under the same load, which is due to the relatively lower 
rotor resistance usually incident to the smaller number of poles. 
It is evident from the previous considerations that if the pri- 
mary switches are reclosed after a temporary circuit interrup- 
tion, the voltage and flux conditions of the motor may be widely 
different under various assumptions of the motor characteristics, 
the load, the time elapsed, etc. 


CURRENT PEAKS WITH CLOSED-CIRCUIT SECONDARIES AND ZERO 
FIELD 

Let us consider first the case where the time of change-over 
from the low-voltage tap to full voltage is long enough to permit 
the rotor flux to reach zero value before the full voltage contacts 
are closed. It is evident from the fundamental facts stated in 
the beginning of the paper that upon closing the contacts, the 
damping effect of the rotor will prevent the quick establishment 
of the rotor flux on account of rotor currents setting up and 
strongly opposing the effect of the primary currents. This will 
also prevent all but the leakage part of the primary flux from 
building up quickly, so that at the first instant whatever counter 
e.m.f. exists has to be largely supplied by leakage fluxes no 
matter what the speed ef the motor may be. In other words, 
very large primary currents are required at the first instant, no 
matter what the speed of the motor, to set up sufficiently large 
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leakage fluxes to induce the proper counter e.m.f. which must 
always be equal and opposite to the impressed e.m.f. after the 
circuit is closed. Тһе amplitude of the current peaks when 
connecting the motor to the line with no flux ш the secondary 
may, therefore, be the same near synchronous speed as it is at 
standstill for a given motor voltage. Since with the standard 
method of starting, the voltage after the change-over is usually 
larger than when starting from standstill, it is evident that the 
current peak after the change-over may be larger than when 
starting, assuming in both cases that the rotor field is zero at the 
time the connection is made. This does not necessarily mean 
that the effect upon the line and control apparatus at the time of 
the change-over is worse than at starting. In either case, the 
currents settle down within a short time to the values given by 
the speed-current curve. Since these values are usually larger 
for starting than at the change-over, and since the continuity of 
current peaks plays an important part in the effect upon the 
system, the resultant effect depends upon the individual case. 
It is, however, evident from the previous discussion that in a 
good many cases under the conditions discussed, the effect fol- 
lowing the change-over may be worse than dur.ng starting. 

The current peak obtained depends, of course, to a large 
extent upon the point of the impressed voltage wave at which the 
switches are closed. Moreover it can easily be seen that the 
damping effects opposing the building up of the flux are, in 
general, dependent upon the same factors as the damping effects 
maintaining the flux after the power supply has been interrupted, 
namely, the rotor resistance, etc. Furthermore, the leakage 
fluxes will have an important influence upon the current peaks 
as already pointed out. In general, it will be found that the 
size of the current peaks relative to the sustained current values 
is liable to be the larger, the larger the machine and the smaller 
the number of poles. . 

Fig. 7 shows a current peak of 778 amperes obtained with the 
40-h.p., 8-pole motor which has a sustained standstill current 
of only about 425 amperes effective (600 amperes crest value) 
and about 115 amperes effective (163 amperes crest value) sus- 
tained current at the speed at which the test was made. 

These conditions were obtained with an external resistance in 
the rotor circuit and it is evident that Worse conditions may be 
experienced with the rotor short-circuited. 
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CuRRENT PEAKS WITH FIELD SUSTAINED BY CLOSED- 
CIRCUIT. SECONDARIES 

Let us consider now a case in which the change-over or current 
interruption is accomplished very quickly so that the contacts 
are reclosed before the rotor field has died out. Let us also as- 
sume at present that in such a case the load of the motor hap- 
pens to be light, so that the rotor rotates at practically synchro- 
nous speed and that the rotor inertia is large enough so as to 
keep the motor speed practically unchanged during the power 
interruption. With these assumptions, the counter e.m.f. of the 
stator induced by the flux rotating with the rotor will maintain 
a synchronous relation with the line e.m.f., and if the contacts 
are reclosed the counter e.m.f. of a certain amount and proper 
phase relation already exists keeping the initial current rush 
down to a very small value. In such cases, :t may be that the 
initial current closely agrees with the current given by the speed- 
current curve of the motor. If, on the other hand, the motor is 


A B | 


Fic 8 


heavily loaded, so that its rotor speed is appreciably below syn- 
chronism, and if the rotor has small inertia so as to permit a 
further drop in speed during the current interruption, the voltage 
induced by the flux rotating with the rotor speed will fall quickly 
out of synchronism with the line voltage. Such a condition 
is demonstrated in Fig. 8 which has been traced from an oscillo- 
gram similar to that of Fig. 6 in order to show the conditions 
clearer than is possible with the oscillograms themselves, which 
were unfortunately taken with the voltage elements connected 
in opposite directions (see Fig. 6) or to different phases (see 
Figs. 4, 5 and 7). | 

If we assume, for instance, that the stator voltage has slipped 
3 cycle relative to the line voltage as at the point А when the 
contacts are closed, we have a condition very much the same as 
Obtaining in a synchronous machine connected to the line when 
Out of synchronism, and it is evident that very large currents 
may flow temporarily because it is not only necessary to build 
up a rotor flux against the damping effect of the secondary wind- 
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ing, but it is necessary to first reduce the existing flux to zero 
and build up the flux in the opposite direction. It is considered 
poor practise to connect large synchronous motors to the line 
before establishing synchronism, and equivalent precautions 
should be taken when starting large induction motors to prevent 
severe burning and arcing. 

The author was not fortunate enough to get an oscillogram 
showing the closing of the circuit at the most unfavorable point. 
This is pretty hard to do in view of the fact that very small 
fractions of a second bring about important differences in the 
conditions. If the circuit were closed, for instance, at point B 
in Fig. 8, that is only 0.12 second later, the voltages are again in 
phase and fairly favorable current conditions would obtain. 

Fig. 4 and Fig. 5 taken with the 40-h.p., 8-pole motor show 
the highest current peaks tested, giving about 1300 amperes 
(estimated) and 806 amperes respectively, as compared with a 
sustained standstill current of 450 amperes effective (635 am- 
peres crest value), and a sustained value of 150 amperes effective 
(212 amperes crest value) for the speed at which the test was 
made. 


CURRENT PEAKS WITH OPEN-CIRCUIT SECONDARIES 


The previously discussed current peak values as affected by 
the damping currents in the rotor should not be confused with 
the transient current peaks obtained when connecting any in- 
ductive piece of apparatus to an a-c. voltage, even when there 
are no damping effects. Figure 9 shows, for instance, the current 
of a 200-h.p. motor, when connected to the line with open 
secondary. It will be seen that some of the transient peak 
values are about 3.5 times as high as the sustained magnetizing 
current. They are, however, only 150 per cent of the full-load 
current, or 26 per cent of the sustained standstill current of the: 
same motor (crest values in all cases). These currents аге, 
therefore, small in comparison with the previously discussed 
transient current peaks obtained with the damping effect of a 
short-circuited rotor, and they are, therefore, of lesser importance 
in connection with the design of the control arrangements. In 
this connection it might be mentioned that motors with open 
external secondary circuits, should not be always considered as 
entirely free from damping effects. A delta connected second- 
ary, for instance, may develop appreciable transient damping 
currents under certa'n conditions, even with open secondary con- 
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trol switches, especially when temporarily only one of the pri- 
mary circuits of a polyphase motor is closed, as is frequently 
the case on account of the fact that the switches do not all come 
in simultaneously. 


EFFECT ОЕ SECONDARY DAMPING CURRENTS UPON 
OPERATION AND DESIGN 


While the damping effect of the rotor has as previously pointed 
out, in many cases unfavorable effects upon the system and the 
control apparatus, it has at least the advantage that both during 
starting and after the change-over with the rotor field previously 
reduced to zero, the torque of the motor picks up gradually 
because torque is impossible without a secondary field. Any 
harmful effects which might be caused by too sudden picking up 
of the torque are, therefore, avoided. 

In v-ew of the fact that with a short-circuited rotor certain 
large peak current conditions cannot altogether be avoided, even 
if the rotor flux is zero to start in with, it is evident that control 
apparatus, as well as all other parts of the system must be de- 
signed to stand these peak currents. It is also evident that the 
reclosing of the circuit before the rotor flux has died out should 
be avoided in control arrangements for large squirrel-cage 
motors, because under certain conditions this is not only liable 
to give current peaks much larger than otherwise obtained but 
also liable to give under slightly different conditions a too sudden 
picking up of large torques, which may result in damage to the 
motor and the driven machinery. When starting a motor at 
reduced voltage, a closed circuit transition to the full-voltage 
tap by means of preventive resistances or inductances is, of 
course, the safest, especially in the case of large motors. 

In the case of wound-secondary motors, current peaks can 
best be reduced by always introducing a resistance into the 
secondary before closing or reclosing the primary circuits. 

In case of the control of induction apparatus for railway work, 
the damping effect of the secondary of induction apparatus is of 
special importance. It may happen in this case, for instance, 
that the trolley bounces, interrupting the power for a very 
small interval of time, leading to very severe rushes of current 
when connections are reestablished. In some experimental tests 
conducted on a large induction phase converter, explosive arcing 
was repeatedly established. In actual practise arrangements 
are made to introduce temporarily by means of a relay an induc- 
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tance into the converter circuit upon any power interruption, so 
that the current peaks are held down when the power comes on 
again within a short interval of time. Another relay interrupts 
the circuits completely if the power stays off long enough to 
permit an appreciable decrease in speed. It is of interest in 
this connection, that it is not possible to employ a no-voltage 
relay for the quick acting switch introducing the inductance, 
because the induction machine does not lose its voltage for 
sometime after the power interruption as previously discussed; 
it is, therefore, necessary to use a current relay in the single- 
phase circuit. Тһе fact that the voltage is maintained sometime 
after the interruption, is used, however, to good advantage for 
operating the switches interrupting the circuit completely after 
a certain interval of time, by means of a voltage relay connected 
across the induction machine, which drops out about 5 to 10 
seconds after the power interruption. 

There is another case that should be considered in connection 
with the effect of the short-circuited rotor in maintaining the 
flux and motor voltages for a certain interval of time, after the 
primary has been disconnected. Certain switching arrangements 
are sometimes used, to change from high-speed to low-speed 
connections, for instance, that are not designed to operate under 
current and voltage. Care should be taken that none of the 
secondary motor circuits are interrupted by such switch arrange- 
ments, even after the primary current interruption, until the 
secondary damping currents have died out. 


OvER-VoLTAGES WITH OPEN-CIRCUIT SECONDARIES 


Another subject related to transient conditions in the machine 
which is worth while considering is that of over-voltages which 
may be caused by improper control arrangements and result in 
insulation breakdowns in the motor and in the control. 

Let us consider the case of a wound secondary motor with the 
control arranged to break, first, the secondary circuit and sub- 
sequently the primary circuit. In this case the primary 
switches break nothing but the magnetizing current. The nat- 
ural tendency of the a-c. arc is of course to rupture when the 
current has reached zero value, or thereabout, following the 
regular sine curve. Since with open secondary circuit the flux 
is about proportional to the primary current, it may be assumed 
that the flux at the time of current interruption is zero. If this 
is the case, no further change of flux has to take place and no 
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over-voltages would be liable to occur. It has been found, how- 
ever, by tests that the cooling effect of the oil or air upon the 
interrupting arc makes the current value of the last half cycle 
die out quicker in line with a curve А, Fig. 10, instead of in 
line with the regular sine curve B. Assuming that the flux 
follows the same curve, we obtain voltage values as indicated by 
curve C instead of those shown by D corresponding to a sine 
flux curve. It will be seen. that under the assumptions made an 
over-voltage of four times the normal crest voltage is obtained. 
These voltage surges when obtained in practise are of such short 
duration that their full amplitude cannot be measured by the 


Fic. 10 


standard oscillograph tests; voltages up to four times normal 
voltage have, however, been shown by spark-gap tests. 


OvVER-VOLTAGES WITH CLosED-CiRCUIT SECONDARIES 


Since, as previously pointed out, the short-circuited secondary 
has a tendency of preventing any sudden changes in flux, the 
idea naturally suggests itself to open the primary circuit with 
the secondary short-circuited, thereby avoiding sudden dying 
out of the fluxes and'over voltages. This is an excellent remedy 
as long as the rotor fluxes and stator fluxes are practically iden- 
tical, as for instance, at no load and light loads where the leakage 
fluxes are practically negligible, as compared to the main flux 
common to both stator and the rotor. 
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With heavy overloads cases are, however, possible where 
short-circuited rotors are not altogether a safe remedy against 
over-voltages because the leakage fluxes may be relatively large 
enough to cause trouble in spite of the favorable damping effect 
of the rotor. This may be demonstrated by Figs. 11 and 12. 
An induction motor is in all respects very similar to a trans- 
former except that the leakage fluxes form a larger percentage 
of the total fluxes. For the purpose of demonstration Fig. 11 
shows, therefore, a transformer with the mutual flux F,, the 
primary leakage flux F,; and the secondary leakage flux F,;. If 
now the secondary winding is short-circuited and the primary 
interrupted, the damping effect of the secondary winding will 
tend to maintain constant the flux interlinking with the second- 
ary winding. Оп the other hand, it is evident that the primary 
leakage flux F,; will die out as soon as the circuit is interrupted. 
Not only that but by far the largest amount of the secondary 
leakage flux will choose the easiest path through the primary 
winding, there being no more counteracting ampere turns flowing 
in the primary winding and the path through the main iron 
being of exceedingly small reluctance as compared with the re- 
luctance of the leakage path. It is obvious, therefore, that upon, 
. interruption of the primary current we will not only have the 
primary leakage flux disappear suddenly but add the secondary 
leakage flux which is practically of opposite direction to the 
mutual flux in the primary coil. The total flux change in the 
primary winding is therefore about equivalent to the total leak- 
age and while this amount is only a part of the total flux, the 
change being opposed only by eddy losses, etc., in the iron takes 
place so quickly, that voltages of pretty high amplitude may be 
induced. 

The change in flux 15 further demonstrated by the vector 
diagram of Fig. 12. Тһе vector E, may be the impressed pri- 
mary voltage and J, the primary current lagging by a certain 
angle. 'The primary current sets up, of course, a leakage field 
in phase with the current which may be represented by the vector 
Е. This vector induces а reactance voltage E, which must be 
subtracted from the impressed voltage E, to give the voltage Em 
induced by the mutual flux. The vector Fm shifted 90 deg. 
against this voltage represents the mutual flux. By combining 
this flux with F,; we obtain the total primary flux Fp. The 
resultant magnetizing current Г,, is, of course, in phase with the 
mutual flux and the resultant of the primary current J, and the 
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secondary current 1, The secondary current J, sets up the 
secondary leakage flux F,; which combined with Fm gives the 
total secondary flux F,. If the primary circuit is now inter- 
rupted and if it is assumed for the moment that the damping 
effect maintains the secondary flux absolutely constant, and if 
we further assume that practically all of that flux swings into 
the primary winding, we see that the primary flux suddenly has 
to change from the value F, to the value F,. "This is equivalent 
to the sudden addition of a flux vector Е, to the vector Е, to 
give the vector F,. While this flux F, which has to be added 
suddenly is smaller than the primary flux, the rate of change is 


Fic. 13 


so much quicker that voltages in excess of the normal primary 
voltage may be induced 1n the stator. 

The case shown in Fig. 12 15, of course, extreme, if a normal 
load is considered, but the relative sizes as shown may very 
easily obtain in standard motors with heavy overloads. 

While the bad influence of leakage fluxes exists only with 
severe overloads, such a case is nevertheless of practical impor- 
tance in so far as it is just in connection with heavy overloads 
that the primary circuit is frequently interrupted by overload 
circuit breakers while the motor is pulling out and nearing stand- 
still conditions. Fig. 13 shows a diagram of the vector relation 
applying to such a case and demonstrates plainly that the sudden 
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flux changes taking place in this case may closely approach 
values equivalent to the total primary flux. 

Most of the oscillograms previously referred to plainly indi- 
cate the sudden phase shift of the stator flux when the power is 
interrupted, see for instance, Figs. 4, 5, 6 and 7. 

As previously mentioned, it is not possible to show the full 
extent of the voltage surges by oscillograph test. Some indi- 
cation of them is shown, however, in Figs. 14 and 15, which were 
taken at standstill when the leakage fluxes have their maximum 
value while the mutual flux is relatively small. The oscillograms 
show in this case over-voltages up to 70 per cent above the crest 
valüe of the normal voltage. 

In view of this, it would seem advisable in case of large high- 
voltage squirrel-cage motors to use circuit breakers which inter- 
rupt the current in two or more steps by introducing resistamce 
or inductance into circuit before the final break is made. Іп 
case of wound-secondary motors it is good practise to introduce 
part or all of the starting resistance into the circuit before break- 
ing the primary circuit. "This will temporarily reduce the load 
of the machine, because the motor speed cannot drop quickly 
. enough on account of the rotor inertia, to give at once heavy 
torques with the increased resistance. Therefore, the load cur- 
rents and with them the leakage fluxes, are temporarily reduced 
to a minimum value, and if the primary circuit is opened before 
the rotor speed has dropped, we have the favorable damping 
effect of the closed rotor circuit to a certain extent, without the 
unfavorable effect of large leakage fluxes. 

Voltages up to double the normal peak voltage have been 
tested with the spark gap and appreciably higher voltages seem 
to be quite likely in certain cases. 

The condition just described with short-circuited rotors is 
most likely to occur in machines with relatively large leakage 
fluxes, that 1s, principally in low-speed machines with a large 
number of poles. Such machines have not only relatively large 
leakage fluxes, but they are also most likely to pull. out under 
heavy overloads, since they usually have rather small pull-out 
torques. | 

It appears further from the previous considerations, that over- 
voltages are liable to occur if a motor with short-circuited rotor 
is started by closing the primary switches, and if these switches 
are opened again, before the motor has assumed normal speed 
and load conditions. Тһе reopening of starting switches, before 
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themotor has speeded up should, therefore, be avoided and the 
switches should be designed to be positive in their action and to 
make bouncing impossible. 


OVER-VOLTAGES WITH OVER-SYNCHRONOUS SPEEDS 


Another instance in which over-voltages in the rotor circuit of 
wound-secondary motors have been experienced, is in the case 


Fic. 16 A 
A—FLux INTERLINKING WITH SECONDARY COIL—SINGLE-PHASE PRIMARY 
B—FLUX INTERLINKING WITH SECONDARY COIL—POLYPHASE PRIMARY 


of two-speed motors when the primary connections for the low 
speeds were established while the motor was still running at 
high speed. In closing the primary circuit, two contacts will 
always close first, in view of the practical impossibility of closing 


Fic. 16 B 
C—VOLTAGE IN SECONDARY WITH SINGLE-PHASE PRIMARY 
D—VOoLTAGE IN SECONDARY WITH POLYPHASE PRIMARY 


all contacts simultaneously. Тһе motor is, therefore, tempo- 
тагПу running with single-phase stator excitation and double 
Synchronous speed. It may be shown by a simple calculation 
that the flux in the secondary coils assumes, in this case, a 
Shape similar to those shown in Figs. 16а and 16b, and 
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17а and 17b, depending upon the phase position of the 
coils, and that voltages as shown in the same figures 
may be induced in the secondary coils. The dotted sine 
curves of the same figures show the double-speed secondary 


Fic. 17 А 
A—FLUX INTERLINKING WITH SECONDARY COIL—SINGLE-PHASE PRIMARY 
B—FLux INTERLINKING WITH SECONDARY COIL—POLYPHASE PRIMARY 


voltage induced by the polyphase field which 1$, of course, the 


same voltage as at standstill for which the insulation of the sec- 
ondary circuits is usually designed. In other words, we obtain 
secondary voltages about twice as large as the normal voltage 


Fic. 17 B 
C—VOLTAGE IN SECONDARY WITH SINGLE-PHASE PRIMARY 
D—VOoLTAGE IN SECONDARY WITH POLYPHASE PRIMARY 


and it is either necessary to design the motors and control for 
this higher voltage or to avoid it by making arrangements so that 
the secondary is closed before the primary, which will, on account 
of the damping effect of the secondary, reduce the rate of change 
of the fluxes in the secondary coils and thereby the maximum 
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secondary voltages. Over-voltages are not only possible during 
the short period of single-phase excitation, but also exist at the 
moment when the third contact of a three-phase motor is closed, 
because this calls for sudden re-arrangement of the fluxes which 
may induce high vo tage іп the secondary. Тһе voltage in the 
primary is, of course, always limited by the line voltage as soon 
as the primary switches are closed. 


CONCLUSIONS 


Other cases where transient conditions of induction machines 
are of practical importance with regard to the design of control 
arrangements might be cited, but it 1s considered that the dis- 
cussion of the previous examples is sufficient to explain certain 
difficulties which have been experienced im practise arid what 
points have to be watched in the design of the control, either in 
order to avoid bad effects by the transient conditions, or to call 
upon the same conditions for the purpose of avoiding certain 
other difficulties. Аз has been repeatedly pointed out, allow- 
ance should be made in this connection for the size of machine 
to be controlled, its inherent characteristics, and the like, as 
it is possible to take certain risks along the lines discussed in 
case of small low-voltage motors, while all the points may have 
to be considered very carefully in connection with other motors, 
for instance, of large capacity and high-voltage windings. 

While practical experiences have taught both control and 
motor designers, relatively early, to take care of most of the 
conditions pointed out in this paper, it is believed that a more 
detailed study of the conditions to be met will lead to further 
improvements. The induction motor enjoys the just reputation 
of being the simplest motor requiring the least attention and 
maintenance of any of the existing motor types, and there is no 
doubt but that this reputation can only be improved if all 
characteristics of the motor are more fully understood and al- 
ways properly taken care of by a harmonious combination of 
motor and control design. 
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PERFORMANCE OF POLYPHASE INDUCTION MOTORS, 
UNDER UNBALANCED SECONDARY CONDITIONS 


BY А. А. GAZDA 


ABSTRACT OF PAPER 


Continuous operation of the wound-rotor induction motor, 
when the external resistances in the secondary phases are not 
equal, is shown to be feasible. The effect upon power factor and 
heating is discussed. Curves showing the performance of poly- 
phase motors with single-phase secondary are presented. Тһе 
practical advantages of using unbalanced secondary connections 
are pointed out. 


URING the past few years, the electrical engineer has 
been obliged to.utilize every possible expedient in order 
to meet the demand for control apparatus having the fewest 
number of parts, and simplest connections. It was with this 
thought, that the following study of the operation of the poly- 
phase induction motor, with unbalanced secondary, was made. 
No attempt will be made to present a complete mathematical 
discussion of all the phenomena taking place, but rather, to give 
a simple explanation of the effect upon the various characteris- 
tics, and show the feasibility of continuous operation when the 
secondary resistance is not equal in all phases. 

In order to make the investigation thoroughly practical, 
a series of tests was made, to cover the following points: 

1. The comparative heating of various motors when operated 
at a constant-torque load, with. (а) balanced secondary, (5) 

* unbalanced secondary, (с) single-phase secondary. 

2. Тһе effect upon primary and secondary current, power 
factor and torque, when the secondary is unbalanced. 

3. Тһе operating characteristics of a polyphase induction 
motor, with single-phase secondary. 

The usual method of obtaining speed control of induction 
motors is to vary the secondary resistance. This may be done 
internally in various ways, but the more common practise is to 
use a phase-wound secondary with slip rings, whereby external 
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resistance may be inserted іп the rotor circuit. This external 
resistance may be short-circuited in several steps by means of a 
controller, shown schematically in Fig. 1 a. 

Referring to Fig. 1 B, it is evident that, although six switches 
are used, the resistance will be balanced on only three points, 
viz., No's 1, 4 and 7. 

It has frequently been suggested that the unbalanced points 
be used for continuous running, but the objections were im- 
mediately raised that the secondary currents would be greatly 
‚ unbalanced, and the heating increased to a prohibitive degree. 
This view seems logical at first glance, but further analysis 
shows that it is not justifiable, as there are several other factors 
to be taken into consideration. These will be discussed in turn. 

- I. The unbalancing of the secondary currents is not as 
great as the unbalancing of resistance would indicate. Some 
vector diagrams, showing typical conditions, will make this 


To Motor 
Secondary 


No 1 No 4- 


Fic. ТА Fic. 1 B—SEQUENCE OF SWITCHES 


clear. Take first the case in which a part of the resistance in one 
phase is short-circuited. (See Fig. 2). For the sake of sim- 
plicity, we will neglect the inductance and resistance of the 
secondary winding. The former would distort the diagram in 
such a way as to give a slightly greater difference between the 
low current and high current, while the latter merely adds a con- 
stant value to all phases which tends to balance the currents. * 
It is seen that, although the resistance in one phase is only 
one-half the value in the other two, the difference between the 
maximum and minimum current is only 30 per cent. This does 
not mean that the one phase will carry an overload of 30 per 
cent., because, under balanced conditions, full-load current 
would take some intermediate value. 

Fig. 3 is similar to Fig. 2, except that now two legs have low 
resistance, and one high. In this case, the ratio of maximum 
to minimum current is greater than before. Notwithstanding 
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this, the per cent above normal full-load current is less than in 
Fig. 2, because two phases are carrying the high current. An- 
other way of looking at this is to say that in all cases, the cur- 
rents adjust themselves so that the average r.m.s. value of the 
three currents is approximately equal to the normal balanced 
full-load current. In Fig. 2, the normal balanced current would 


2 Ohims A 8 
External Motor 
Resistance Secondary 

Ес. 2A 


be 111 amperes, and the overload in the maximum phase 17.1 per 
cent. In Fig. 3, the normal balanced current would be 135 
amperes and the overload 11.1 per cent. 

II. The unbalanced secondary currents react upon the 
primary in such a way as to draw a current from the line at a 
frequency which is lower than normal line frequency. This 


Fic. ЗА 


phenomenon is caused by the single-phase component of the 
secondary field, the effect of which, in the extreme case of 
infinite resistance in one phase, has been explained by Mr. B. G. 
Гатте! Fig.4isan oscillogram, showing this action in the case 
of a polyphase motor with a single-phase secondary, the motor 
running at half speed under this condition. Fig. 5 shows the 


l. Electric Journal, Vol. XIII, page 394. 
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corresponding action when the secondary resistance is unbal- 
anced. 

The magnitude of this low-frequency current ranges from 
10 to 30 per cent of the reactive component of full-load primary 
current, but it does not materially affect the primary line current, 
or the power factor of the motor. In the first place, any cur- 
rents having a frequency different from that of the line voltage, 
are reactive, t.e., they draw no power from the line?. Secondly, 
currents of different frequencies cannot be combined alge- 
braically. 

It was shown by Bedell and Tuttle, that in such a case, in 
order to give a vectorial representation, the third dimension 
must be used. Referring to Fig. 6, E represents line voltage and 


Fic. 6 


I; the current that would flow if no harmonics were pres- 
ent. 1; then, is the power component, and М), the mag- 
netizing, or reactive component. Тһе low-frequency current, 
due to the unbalanced rotor, may now be represented by М. at 
right angles to both E and Mi, while the resultant magnetizing 
current will be У M? + Mz or М, Finally, the resultant 
current drawn from the line is У 12 + М? or Ij. Com- 
bining the two previous statements, it is seen that Г; = 


2. This follows from the fact that | (sin mt sin nt dt) vanishes 


0 
except for the case where m — n. 


3. Trans. A. I. E. E., 1906., Vol. XXV., page 685. 
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corresponding action when the secondary resistance is unbal- 
anced. 

The magnitude of this low-frequency current ranges from 
10 to 30 per cent of the reactive component of full-load primary 
current, but it does not materially affect the primary line current, 
or the power factor of the motor. In the first place, any cur- 
rents having a frequency different from that of the line voltage, 
are reactive, 7.е., they draw no power from the Ппе?. Secondly, 
currents of different frequencies cannot be combined alge- 
braically. 

It was shown by Bedell and Tuttle,’ that in such a case, in 
order to give a vectorial representation, the third dimension 
must be used. Referring to Fig. 6, E represents line voltage and 
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I, the current that would flow if no harmonics were pres- 
ent. Г, then, is the power component, and М), the mag- 
netizing, or reactive component. Тһе low-frequency current, 
due to the unbalanced rotor, may now be represented by М» at 
right angles to both Е and Mi, while the resultant magnetizing 


current will be У M? + M£ or M3. Finally, the resultant 


current drawn from the line is V 12 +} МҰ or Ij. Com- 
bining the two previous statements, it is seen that Г; = 


2. This follows from the fact that | (sin mt sin nt dt) vanishes 


0 
except for the case where m =n. 


3. TRANS. A. I. E. E., 1906., Vol. XXV., page 685. 
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V 1, + М? + М2. Hence, if М; is as high as 30 per cent of 
Mi, Мз will be only 4.5 per cent greater than Mi, which means 
that the increase in the reactive component, due to unbalancing, 
will not exceed 5 per cent. Assuming that a motor runs normally 
at a power factor of 80 per cent, unbalancing the rotor resistance 
will decrease this value to 78.6 per cent. On the other hand, 
the increase in line current will be 1.5 per cent under the same 
condition, and hence, primary copper heating will be 3 per cent 
greater than under balanced conditions. Since the primary 
draws just sufficient low-frequency magnetizing current to 
compensate for the pulsating action of the secondary, the flux 
conditions remain the same as in the case of a balanced rotor, 
.and the iron losses are not changed. 

III. The rating of a variable speed motor depends upon 
the heating at the lowest running speed, because ventilation is 
poorest at this speed. Since the fan action of the rotor varies 
approximately as the square of the speed, the least ventilation 
will occur on the first notch of the controller, which, in com- 
mercial practise, usually connects all the external resistance 
to the secondary circuit, in a balanced arrangement. Even 
though succeeding steps cut out the resistance in such a way 
that unbalanced conditions are obtained, the ventilation 1$ 
improved so much by the higher speed, that the motor will 
dissipate considerably more heat, with the same temperature 
rise, and the rating is not diminished by the slightly increased 
losses. 

IV. As was pointed out in Part I, the currents will not be 
the same in all phases of the secondary. However, it is not 
correct to assume that the rating will be limited by the maximum 
current in any phase. Experience shows that in any rotating 
apparatus carrying unbalanced load, the heating, broadly 
speaking, will be proportional to the sum of the squares of the 
various currents (I? + I}? + I). This is particularly true of 
rotor windings. Тһе design limitations will have a bearing on 
this factor; for instance, if the coils are heavily wrapped with 
insulation, localized heating may take place. This rarely occurs, 
because the designer may choose comparatively low voltage for 
. the secondary, since it is independent of power supply. Further- 
. more, modern mica-insulated coils conduct the heat out of the 
copper very readily. | 

V. A large number of tests were made on motors of various 
Sizes, speeds, etc., to check the foregoing conclusions. In the 
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load runs, particular attention was paid to the rotor copper, 
to detect any temperature rises greater than normal. Тһе 
uniform heating of the rotor was demonstrated by both ther- 
mometer and resistance readings. The total secondary copper 
loss was found to run 5 to 10 per cent higher under unbalanced 
than under balanced conditions. This bears out the statement 
that I? + 1.2 + I} = 3 І,2, where 1, I; and I; represent the 
unbalanced currents, while 1, is the normal balanced current. 
(See Table I.) In a series of load runs with constant torque, 
using a controller which gave unbalanced points, it was found 
that the temperature rise, with the first one or two steps of 


200 300 
POUND- FEET TORQUE 


Fic. 7--Ёовтү-н. P., THREE-PHASE, 60-Сусте, 220-VoLT, 8-POLE 


INDUCTION MOTOR—SINGLE-PHASE ROTOR 


Curve 1—Speed—torque—1.6 ohms resistance in one phase of rotor 

Curve 2— Primary amperes—torque—1.6 ohms resistance іп one phase of rotor 
Curve 3—Speed—torque—0.8 ohms resistance іп one phase of rotor" 

Curve 4— Primary amperes—torque—0.8 ohms resistance іп one phase of rotor 
Curve 5—Speed—torque—one phase of rotor short-circuited 

Curve 6—Primary amperes—torque—one phase of rotor short-circuited 

Curve 7—Primary amperes—torque—three phases of rotor short-circuited 


resistance cut out, was the same as on the first balanced point, 
while at still higher speeds, the rise was less, even though the 
secondary was unbalanced. Test fully justified the statements 
made in Part II, in regard to primary current and power factor. 
Very accurate readings had to be taken in order to check the 
small increase in current. Although it was found that the degree 
of unbalancing had some effect on the operation of the motor, 
nevertheless, with the unbalancing that is common in standard 
commercial controllers, the operating characteristics are well 
within the limits stated previously. Тһе per cent of no-load 
magnetizing current in terms of full-load current, had a distinct 
influence upon the increase in primary and secondary currents. 
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In general, the motors with small no-load magnetizing current, 
showed the best performance. 

Tests were made to observe the operation of polyphase 
motors running with single-phase secondary. Under these 
conditions, the starting torque was found to be about 60 per cent 
of the torque with balanced conditions, the current in the 
secondary winding being the same in each case. With this con- 
nection, an economical method of continuous operation at half 
speed is obtained. An important advantage of this method 1s 
that a stable speed is maintained, independent of the load. 
This would mean a great saving in resistors, particularly where 
half speed is desired at reduced torque, as in fan or centrifugal 


0 


POUND - FEET TORQUE 
Fic. 8 A— ToRQUE CHARACTERISTICS OF 50-H. P., THREE-PHASE, 60- 
CYCLE, 220-VoLT, 6-POLE INDUCTION MOTOR 


Curve 1—Speed—torque—short-circuited rotor | 
Curve 2—Speed—torque—balanced secondary resistance 
Curve 3—Speed—torque—single-phase rotor 


pump application. The no-load magnetizing current is a very 
important factor in this case, and must be taken into account. 
For example, small low-speed motors may draw excessive cur- 
rents with one phase of the secondary short-circuited, or if too 
much external resistance is inserted in the single-phase secondary, 
a stable condition will not be obtained at half speed. Fig. 7 
shows the torque and current characteristics of a 40-h.p., 3- 
phase, 60-cycle, 8-pole, 220-volt induction motor, with wound 
secondary, when one phase of the secondary is open-circuited. 
These curves are plotted from test results, and perhaps are the 
first to show the effect of secondary resistance, under the given 
conditions. At no load the primary magnetizing current is 
approximately twice the amount required under normal bal- 
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anced conditions, but as the load increases, an apparent paradox 
takes place, in that the line current decreases to a certain mini- 
mum value before any increase takes place. 

Curves in Fig. 84 and 8B show comparative characteristics 
of a 50-h.p. motor, (1) when operating with single-phase secon- 
dary, (2) when operating with 3-phase balanced resistance, to 
give half speed at full-load torque. Тһе reduced power factor 
under the single-phase secondary condition is due to the great 
decrease in power drawn from the line, while the reactive com- 


К. W. INPUT - PERCENT POWER FACTOR 


00 200 300 
POUND- FEET TORQUE 


Fic. 8 B—TorRQUE CHARACTERISTICS OF 50-H. P., THREE-PHASE, 60- 
CYCLE, 220-VorT, 6-PoLE INDUCTION MOTOR 


Curve 1—Input—torque—single-phase rotor 

Curve 2—Primary amperes—torque—single-phase rotor 
Curve 3—Power factor—torque—single-phase rotor 
Curve 4—Input—torque—polyphase rotor 

Curve 5—Primary amperes—torque—polyphase rotor 
Curve 6—Power factor—torque—polyphase rotor 


ponent remains practically constant. Note that at full-load 
torque, the power input required is reduced almost 50 per cent. 
These curves show that it is quite possible to obtain a half-speed 
running point by this method. 


CONCLUSION 


The practical significance of this investigation may be sum- 
marized as follows: 

1. With the proper design of resistor steps, it is safe practise 
to operate polyphase induction motors at full-load torque, with 
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unbalanced secondary resistance. Under these conditions, the 
power factor will be slightly reduced, but the increased copper 
loss will be amply compensated for by the better ventilation 
of the motor at the higher speeds. 

2. A limited range of motors which have a low percentage 
of magnetizing current, may be operated under full-load torque 
at half speed, with single-phase secondary, while practically 
any motor may be operated under these conditions when con- 
nected to a variable torque load, such as blowers, centrifugal 
pumps, etc. 

By taking advantage of the principles brought out in this 
paper, it will be possible to obtain much simpler control appara- 
tus than has been common in the past. Control schemes, includ- 
ing single-pole resistance switches, may be used, which will 
result in fewer parts to maintain, less control wiring, and smaller 
size controller. Тһе amount of resistance тау be reduced, and 
floor space saved. | 
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INDUSTRIAL CONTROLLERS—WITH PARTICULAR 
REFERENCE TO THE CONTROL OF DIRECT-CURRENT 
SHUNT MOTORS 


BY H. D. JAMES 


ABSTRACT OF PAPER 


Stating that present day development of motors and con- 
trollers is such that former limitations as to regulation of starting 
current from the viewpoint of motor, controller and supply 
system have been largely removed, the author presents a series of 
tests on 15 and 20-h.p., 230-volt, d-c. shunt motors, started from 
br The motors are of two types, constant and adjustable | 
speed. 

These tests were made to determine: first, the load driven by 
the motor; second, the power supply; third, the motor operation. 

From these tests the author concludes, in part; that it 1s practi- 
cal with automatic acceleration to use one switch to short-circuit 
the armature resistor used with motors as large as 15 h. p.; that 
the shunt field of small adjustable speed motors can be reduced 
in one step under normal load conditions (this practise can be 
safely followed up to motors of 50 h. p.); and that adjustable 
speed motors can use one step resistance for dynamic braking. 


HE PRESENT practise in industrial control is the result 
of accumulated experience extending over the past 
twenty-five years. Тһе theory consists in analyzing the charac- 
teristics of the motor to be controlled, and designing a controller 
which will furnish the characteristics not incorporated in the 
motor design. An analysis of the motor, from this standpoint, 
has brought out a number of features which were not generally 
appreciated. 

. The application of the controller requires an analysis of the 
load to be driven by the motor, as well as the characteristics 
of the motor. The controller must cause the motor to operate 
through a cycle which is best adapted to the motor load, or the 
machinery to which the motor is connected. The engineer must 
never lose sight of the fact that the purpose in using a motor 
and controller is to do certain work, and that he should select 
a type of motor and controller that will perform this work 
under existing conditions with the least apparatus, and require 
the minimum of attention. 


Manuscript of this paper was received December 26, 1916. 
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In the early days of the d-c. motor, great care had to be taken 
in starting, and in changing the motor speed, to prevent bad 
sparking or flashing. This led to the practise of using a consider- 
able number of steps in the external armature resistor, to give 
a small change in amperes per step. The most common form of 
motor starter, even today, is a face plate, the design lending 
itself readily to the use of a large number of steps. Further- 
more, the characteristics of this starter are such that consider- 
able burning would result if there were a large change in current 
per step, so that a relatively large number of steps are necessary 
to protect the starter against excessive wear. 


The steady improvement in the design of motors and con- | 


trollers has removed many of the limitations formerly existing. 
At one time the permissible starting current was seriously limited 
by the danger of disturbance to the supply voltage. Тһе in- 
crease in the capacity of systems supplying power now permits 
small and medium size motors to start with twice full-load 
current, or even more, without disturbing the supply voltage. 
Many motor applications are made in factories and mills where 
there is a continual change in the power demand, so that the 
starting of relatively small motors makes little difference in the 
total load. 

However, there still exists a number of applications where 
starting current is an important feature, such as elevators and 
some other apparatus used іп public buildings. Printing presses, 
paper machinery and applications of similar nature, require 
special controllers to give a slow start to properly manipulate 
the product. 

Direct-current series and compound motors, as large as 20 h.p. 
are in successful operation, without the use of an external start- 
ing resistor. Mr. Hansen, in his paper published elsewhere in 
this issue, shows oscillograph records illustrating the starting 
of these motors. Shunt motors as large as 15 h.p. connected 
to drum controllers, short-circuiting the starting resistor in one 
step, have been in successful operation for over ten years. 

In order to get a better understanding of the conditions when 
a d-c. shunt motor is started from rest, the writer arranged for a 
number of tests on standard motors for general purposes, 
equipped with automatic starters. These tests were made to 
determine the effect upon: | 

First, the load driven by the motor. 
second, the power supply. 
Third, the motor operation. 


= om 
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No tests were made upon the controller itself, as commercial 
controllers are now available which are well able to meet all 
service requirements. А magnetic contactor controller, of 
modern design, should be able to take care of any starting con- 
ditions which can be met by the motor, without causing undue 
wear upon any part of the controller. 

Most d-c. shunt motors, designed for general purposes, start 
with less than full load, so that the tests were made with different 
methods of loading. 

The controler was adjusted to short-circuit the starting 
resistor, while the counter e.m.f. of the motor was quite low. 
The starting current was also kept small in order to exaggerate 
the starting conditions. The armature voltage at which the re- 
sistance was closed can readily be seen by the notch in the coun- 
ter e.m.f. curve. 

This investigation covered only small motors, as these are 
typical of most of the motors used, and cover a field where very 
little application engineering work can be done. It is very 
desirable to have a simple and strong controller for these motors, 
as they are often used where the operating conditions are bad 
and expert attention is not given them. The application of 
larger motors frequently requires the investigation of the 
load conditions by engineers, who can specify the correct motor 
and controller, and modify the controller to adapt it to any 
special requirements, if desirable. Furthermore, large motors 
usually receive better care. 

Apparatus Used т Making Test.—An oscillograph was 
employed іп all these tests. Figs. 2 to 14 for the 20-h.p. motors 
were taken on a cylinder, giving the total time of approximately 
two seconds. Figs. 15 to 21 for the 15-h.p. motor were taken 
on a long film attachment, and the time for these curves was 
four to six seconds. 

In all cases, the motors used were standard 230-volt shunt- 
wound d-c. motors. The voltage at the supply circuit dropped 
a little below this value, and varied from 220 to 225 volts. 

The load, in all but two cases, consisted of a d-c. generator, 
slightly larger in size than the motor, belted to the motor. 
The generator exerted no retarding force, other than that due 
to friction and inertia, except where noted. This will represent 
the majority of loads which a motor of this class will be called 
upon to start. In one case, the field of the generator was excited, 
and the armature short-circuited through sufficient resistance 
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to develop full motor torque at full speed. This condition more 
nearly represents the starting of a heavy fan, or centrifugal 
pump. 

The tests on all 20-h.p. motors were made with an automatic 
controller having a wiring diagram shown in Fig. 1. The 
switches used on this controller were standard type C 
contactors, of 125-ampere capacity. The first resistance switch 
was of the series lock-out type, and the second switch of 
the counter e.m.f. type. Where the resistance was cut out 
in one step, the first switch was blocked in the open position. 

For the adjustable speed motors, a series relay was used to 
short-circuit the field resistor during acceleration. This relay 
was open when the armature resistor was short-circuited, and 


CONTROL PANEL (Rear View) 


Control Sw. 


Fi 
Shunt Fid. 


SEQUENCE OF SWITCHES Field Rheostat 
11010101 SCHEME OF MAIN CONNECTIONS 
гоо | a. я, R, Coil No.2 Sw. 
насты 
41110 Мо.1 


Field Rheostat 


Fic. 1— DIAGRAM OF CONNECTIONS 


allowed the field to decrease to its minimum value. When the 
motor was at rest, the shunt-field strength was either zero or 
equal to that for the maximum speed condition. The constant 
speed shunt motor had its field disconnected in the off position, 
in all of the tests. For theinternal resistance of the motors and 
controller see the curves and diagrams. 

Tests оп 20-h. p., 750-rev. per min., 230-Voolt, d-c., Shunt Motor. 
See Fig. 22. Fig. 2 shows the motor started with 1.35 ohms 
external armature resistance, which was reduced to 0.35 of an 
ohm when the counter e.m.f. equalled 120 volts. The second 
step of resistance was short-circuited when the counter e.m.f. 
reached 160 volts. This is a very good record of a two-step 
automatic starter, 
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Fig. 3 shows the same motor, with one ohm external 
armature resistance. Тһе entire resistance in this case was 
short-circuited in one step. The resistance switch was not 


TIME ІМ SECONDS 


‘Fic. 2—20-H. P. Motor—750 REV. PER MIN.—TWO-STEP STARTING 
RESISTANCE 1.35 OHMs 


closed until the counter e.m.f. of the motor equalled 190 volts. 
This represents an adjustment which is better than can usually 
be obtained in practise. 

Fig. 4 shows the motor started with 1.35 ohms external re- 


ARM.AMPS. ARM. VOLTS 


AMPS. 


SHUNT FIELO 


TIME IN SECONDS 


Fig. 3—20-H. Р. Моток--750 REV PER MIN.—ONE-STEP STARTING 
RESISTANCE 1.00 OHM 


Sistance, the resistance being short-circuited in one step, the 
switch closing when the counter e.m.f. of the motor was 150 
volts. This adjustment gives equal current peaks, and repre- 
Sents a practical controller. 
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Fig. 5 shows a start under the same conditions as Fig. 4, 
except that the short-circuiting switch closed at 120 volts. This 
shows a peak at the time of short-circuiting the armature re- 
sistance, in excess of the starting current, and represents very 
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SHUNT FIELD 
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Fic. 4—20.H. P. Моток--750 REV. PER MIN.—ONE-STEP STARTING 
RESISTANCE 1.35 OHMs 


bad commercial practise. Figs. 3, 4 and 5 show very clearly the 
results obtained when the short-circuiting switch closes at dif- 
ferent values of counter e.m.f. 

Fig. 6 shows a one-step start, with one ohm external armature 
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resistance, the short-circuiting switch closing at about 125 volts, 
counter e.m.f. "This curve has the same adjustment for short- 
circuiting the armature resistance as Fig. 5, and shows that the 
current peaks can be made approximately the same by increasing 
the initial current. 
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Fig. 7 shows a start with 0.765 of an ohm external armature 
resistance, with one]short-circuiting switch. Тһе load on the 
motor, in this case, was a prony brake, set to give full load 
torque. This represents a very difficult starting condition, as the 


SHUNT FIELO 
AMPS. 
| 


TIME IN SECONDS 


Fic. 6—20-н. P. Мотов--750 REV. PER MIN.—ONE-STEP STARTING 
RESISTANCE 1.00 OHM 


static friction of the brake is considerably in excess of full load 
torque. Тһе start, however, was successfully made with one 
step of resistance. | 

In the curves referred to, armature volts, armature amperes 
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Fig, 7--20-н. P. Мотов--700 REV. PER MIN. FULL LoAD—ONE-STEP 
STARTING RESISTANCE 0.725 OHM 


and shunt field amperes were taken from the oscillograph 
records. The torque curve was plotted by assuming that the 
field flux was proportional to the shunt field amperes, except 
that the negative value of the shunt-field current, at starting, 
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was neglected, and the torque curve started at zero value. 
While these assumptions are not strictly correct, they serve to 
show the characteristic shape of the torque curve. Since the 
motor was connected to the line with zero field current, it can 
be assumed that the initial torque was approximately zero, and 
independent of the armature current. This torque shows a 
gradual increase, the armature current remaining constant for a 
brief period, until sufficient torque is developed to start rotation. 
Fig. 3 shows how this torque not only increased gradually, but 
decreased again, up to the point of short-circuiting the armature 
resistance. At this instant, the torque has a momentary in- 
crease, and again tapers off. Some of the curves show a slight 
change in the field current at this instant, due to the transformer 
action between the armature current and the field windings. 
This momentary change in field current was neglected in plotting 
the torque curve, as it was assumed that the field flux would 
show an opposite change. 

I wish to lay special emphasis upon the characteristic shape 
of this torque curve, at the time of starting the motor from rest. 
This curve shows that the motor will start its load gradually, 
independent of the value of armature current. А heavy arma- 
ture current, several times the value of full-load current, can be 
used with safety, providing there is no serious effect on the volt- 
age of the supply circuit, which might be objectionable for 
other reasons. Ап easy start of the load is very desirable, as 
there usually is considerable lost motion in the gearing, or other 
mechanical connections, between the motor and its load. Тһе 
sudden application of torque would cause a hammer blow, and 
might injure the machinery. Тһе sudden increase in torque, at 
the time the section of the armature resistance 1s short-circuited, 
is not so dangerous, as long as a positive torque is maintained, 
and there is no lost motion in the machinery. Figs. 2 and 4 
show that very little improvement can be made by using two 
switches to short-circuit the starting resistor. 

Tests on a 20-h. p., Adjustable Speed, 230-Volt, D-C., Shunt 
Motor, Having Speed Adjustment of 500 to 1500 rev. per min. (See 
Figs. 23 and 24) These tests are duplicates of the previous 
ones, except that, in some cases, the shunt-field current has an 
initial value equal to the value when the motor 1$ operating at 
1500 геу. per min. Also, the field resistance, at the instant of 
starting the motor, is short-circuited, and again open-circuited 
at the instant of short-circuiting all of the external resistance. 
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Fig. 8 shows a typical start, short-circuiting the external 
armature resistance in two steps, the initial resistance being 
one ohm, and the resistance of the last step 0.25 of an ohm. 
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Fic. 8--20-н. P. Мотов— 500-1500 REV. PER MIN. FULL LoAp— T wo-sTEP 
STARTING RESISTANCE 1.00 oHM 


The first switch closed at approximately 125 volts and the 
second switch at 175 volts, counter e.m.f. It is evident, from 
this curve, that the second step of starting resistance was not 
necessary. 
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Fic, 9--20-н. Р. Мотов— 500-1500 REV. PER MIN.— TWO-STEP STARTING 
RESISTANCE 1.50 Онм$ 


Fig. 9 shows a similar two-point starter, having an initial 
resistance of 1.5 ohms, the second step of resistance being 0.25 
of an ohm. 

Figs. 10 and 11 show similar starts, with 0.765 ohms external 
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resistance. In these two tests the armature resistance is short- 
circuited in one step. 
Fig. 12 shows a single-step start, with the same amount of 
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Fic. 10—20-н. P. Моток--500-1500 REV. PER MIN.—ONE-STEP STARTING 
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armature resistance 0.765 ohms), but with the generator loaded, 
so that it developed full-load torque, at full speed. 

Fig. 13 shows a start under similar conditions, except that 
the motor was loaded with a prony brake, giving full-load 
torque. 
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Fic. 11--20-н. P. Моток--500-1500 REV. PER MIN.—ONE-STEP STARTING 
—RESISTANCE 0.765 OHMS 


Fig.'14 shows a single-step start, having an armature resistance 
of 1.5 ohms, the short-circuiting switch closing at about 140 
volts, counter e.m.f., giving equal starting and short-circuiting 
current peaks. 
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These curves differ from the preceding set in characteristic 
shape, after the armature resistance has been short-circuited. 
This is due to a gradual decrease in the shunt field strength, 
with a corresponding increase in the armature current. This 
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change in field strength and current is gradual, and it does not 
seem necessary to use automatic means for delaying this change 
in field strength. 

Different methods of loading the motor do now show much 


e 
" 
% 
ж 
œ 
< 


SHUNT FIELD 


319 Деме rte cd ESSE КҰН (ӨН БИДЕН ККЕ DNI 
ЖІЛІГІ 
TIME IN SECONDS 
Fig, 13—20-н. Р. Моток— 500-1500 REV. PER MIN. FULL LOAD—ONE-STEP 
STARTING RESISTANCE 0.765 OHMS 


change in the current peak when the resistance is short-circuited. 
This is largely dependent upon the value of the counter e.m.f. 
at the time of short-circuiting the starting resistance. In none 
of the tests was this peak excessive. 
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Tests on а 15-h.p., 230-Volt, 400 to 1600 rev. per тт., D-C., 
Shunt Motor. (See Figs. 25 and 26). A number of tests were 
made on this motor, using a controller connected as shown in 
Fig. 27. In these tests the motor was belted to a generator a 
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little larger than the motor. The only load to be overcome was 
that due to friction and inertia. 

The controller differs from that shown in Fig. 1 in the con- 
nections to the shunt field relay. In this case a ''fluttering" or 
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"vibrating" relay was substituted for the series switch.  Pro- 
vision is made for keeping these relay contacts closed during 
acceleration, by using more ampere turns on the relay during 
this period. (See Fig. 27.) 
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This fluttering relay is arranged to close its contacts when 
the current exceeds a fixed value, and to open the contacts when 
the current is reduced below this value. The difference between 
the closing and opening values of current is about 10 per cent. 
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Fic. 16—15-н. P. Моток--400-1000 REV. PER MIN. 


The object of the relay is to control the weakening of the shunt 
field during the period of acceleration from 400 rev. per min. 
to a higher speed, depending upon the setting of the field rheostat. 
It operates in a similar manner to a voltage regulator. The 
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relay contacts short-circuit the field rheostat, the rapid cutting 
in and out of the field rheostat tending to retard the weakening 
of the shunt field. | 

Tests shown by Figs. 15, 16 and 17 indicate that the action 
of such a relay is not very smooth. When this principle is 
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applied to the exciter of a large d-c. generator, the pulsations 
are damped out to а considerably greater extent. Moreover, 
the parts of the voltage regulator are lighter and the regulator 
is much quicker in its operation and much more sensitive to a 
change in current. 
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By comparing these curves with the preceding curves, made 
on а three-to-one adjustable speed motor, it will be seen that 
the armature current and torque are considerably more dis- 
turbed when the relay is used, than 1n the cases where this relay 
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is omitted. It would, therefore, seem unwise to add this com- 
plication to the average small motor. 

There is another objection to the use of this relay. If we 
consider the above motor operating at 1600 rev. per min., and 
quickly move the field rheostat to reduce the motor speed to 
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1200 rev. per min., the motor will regenerate and cause a heavy 
reverse current to flow. This excess current will lift the flutter- 
ing relay and short-circuit the field rheostat. This action still 
further increases the field strength of the motor and causes an 
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increase іп the armature current. Тһе action of the relay in 
this case is the reverse of its operation during acceleration, 
and has a very undesirable effect. 

In order to correct this difficulty, a second relay known as a 
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"transfer" relay has been used. This relay has a compound 
winding so arranged that it reverses the connections to the 
fluttering relay when the motor regenerates. In order to properly 
protect the motor it is, therefore, necessary to use two relays 
instead of one. Controllers for paper calenders, printing presses 
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and: other applications having motor-operated field rheostats, 
can use the fluttering relay without a transfer relay, as the 
movement of the field rheostat is slow. 

Dynamic Braking. This same 15-h.p. four-to-one adjüstable 
speed motor was arranged for dynamic braking. The connec- 
tions were such that the field rheostat could be short-circuited 
during the period of braking. Figs. 18 and 19 show the braking 
characteristics with the field strength remaining constant and 
the motor operating at 1600 rev. per min. when the dynamic 
-= brake was applied. The drift in this case was considerable, 
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as the motor was belted to a generator and there was very little 
friction to assist in bringing the load to rest. 

Figs. 20 and 21 show dynamic braking with exactly the 
same conditions as the two previous curves, except the field 
rheostat was short-circuited during this braking period. The 
action of the shunt field in this case is very interesting. The in- 
crease in the field strength maintained the armature current at 
a fairly constant value over a considerable part of the retarda- 
tion, the resultant torque curve showing very well sustained re- 
tarding effort. This indicates that the action on an adjustable 
speed motor gives very satisfactory results without the use of 
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additional steps in the dynamic brake resistance. Under normal 
operating conditions the friction load would be sufficient to 
bring the motor quickly to rest from the low speed. In the ab- 
sence of considerable friction a mechanical brake should be used 
to obtain a quick stop, as very little dynamic braking can be 
obtained when the motor reaches low speeds. 


SUMMARY OF TEsTS 


l. It seems unnecessary, with automatic acceleration, to 
use more than one switch to short-circuit the armature resistor 
used with small motors except where specia' requirements are to 
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be met. I believe it is practicable to use one switch with mo- 
tors as large as 15 h.p. for general purposes, and operate this 
switch by counter e.m.f., setting the switch to close at 75 per 
cent of normal voltage. 

2. If the motor field is zero, or has a small value, when the 
line switch is closed, the starting torque 1$ also zero or has only 
a small value and it will increase gradually so that the motor, 
or its load, will not be subjected to a heavy shock or jar when 
the lost motion in the drive is taken up. 

3. The shunt field of small adjustable speed motors can be 
reduced in one step under normal load conditions without fear 
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of undue torque or current. I believe this practise can be safely 
followed with 50-h.p. motors and perhaps larger. This covers 
the usual range of sizes for this type of motor. 

I believe that most machine tool motors are always started 
light. ‘Under this condition the motor can be started success- 
fully with minimum field strength and the field relay omitted. 
This will enable us to use the same controller for constant speed 
and adjustable speed motors supplying a separately mounted 
field rheostat for the latter. 

4. Adjustable speed motors can use one step of resistance 
for dynamic braking as the change in field strength tends to 
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maintain the braking current constant over a considerable range 
of speed. 

5. Тһе use оға “vibrating” ог ''fluttering" relay is bad 
engineering for hand-operated field rheostats, unless a ‘‘transfer’’ 
relay is also used to reverse its action when the -motor regen- 
erates. 

6. The time required to accelerate to 95 per cent of speed 15 
very short. In these tests the time did not exceed three seconds. 


NEw PROBLEMS 


There are very few problems which present a more fertile 
field than the control of adjustable speed motors. Тһе foregoing 
discussion covers only a few of the questions involved. Тһе 
writer has observed cases where gearing has broken, due to 
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а momentary reverse torque of the motor. Itisimportant to see 
that all interlocks or relays connected to the shunt field resistance 
are so arranged that they cannot cause a momentary reverse 
torque of the motor. After a positive torque has been applied 
to machinery, and all of the lost motion taken up, it is seldom 
that any part of the apparatus is injured, even if the driving 
torque varies over a considerable range, provided this torque 
is always positive. A slight negative torque allows lost motion 
to occur, and is apt to break some part of the apparatus, due to 
the hammering blow effect, when the positive torque is resumed. 
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This reverse torque may also be caused by a drop in the line 
voltage below the counter e.m.f. of the motor, or it may occur 
due to a rapid movement of the field rheostat. 

Trouble may also result from increasing the field strength 
of a motor when it is disconnected from the line. For example, 
a 400 to 1600-rev. per min. motor is operating at its maximum 
speed. If the controller disconnects the motor armature from 
the line, and at the same time increases the field strength to its 
maximum value, the voltage across the brushes of the motor 
wil rise to something over three times normal voltage, unless 
the armature is slowed down very quickly. It can readily be 
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seen that a 500-volt motor, having over 1700 volts across its 
brushes, is apt to flash across at some part of its insulation and 
untimately be damaged. This rise of voltage has actually been 
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observed, and care must be taken not to manipulate the shunt 
field so as to cause it. | 

The use of dynamic braking introduces a good many inter- 
esting problems, both mechanica' and electrical. The additional 
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heating effect on the motor is well known. The effect, however, 
upon the loading and lubrication of bearings, is not so well under- 
stood. The resu'tant change in the field flux of the motor, and 
the rate of change of current, are other problems. 
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The whole field of controller engineering presents many 
opportunities for the investigator. It has many problems that 
have not yet been solved, and I believe that engineers should 
not take the existing practise in controller engineering for 
granted, but study each application in a thorough manner, 
and design as simple a controller as possible for the work. 

The author wishes to acknowledge the assistance of Professor 
D. Rowell, of Purdue University, in analyzing some of these 
curves and in making suggestions for future tests. 
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ANALYSIS OF STARTING CHARACTERISTICS OF 
DIRECT-CURRENT MOTORS 


BY K. L. HANSEN 


ABSTRACT OF PAPER 


In this paper are derived the mathematical expressions for the 
current, speed, torque and power at any time during the acceler- 
ating period when a shunt, series or compound motor is connected 
to a supply line. 


HE determination of the torque required to accelerate a 
given mass to any desired speed in a given time is a problem 
frequently met with in engineering practise. It has been shown 
in text books on mechanics, that the speed of a revolving mass 
after a time of £ seconds is 


307.5 X Ta Xt 


rev. per min. — ях С (1) 
where Г. = accelerating torque in pounds at one foot radius 
W = weight in pounds 
G = radius of gyration in feet. 


Formula (1) holds only when the torque remains constant. In 
d-c. motors the torque is constant only when the current and 
flux remain constant. Іп many applications, especially where 
a smooth acceleration is required, as for example in starting trains, 
street cars, elevators, etc., this condition is approximately re- 
alized by gradually cutting out the starting resistance. With a 
sufficiently large resistance and a great number of steps, the 
current may be limited to a given percentage above normal (as 
20 per cent or 25 per cent) and the torque may be considered 
constant. 

There are, however, many applications in which the object is 
to accelerate as rapidly as the motors will stand, and the starting 
resistance has only a few steps or is left out altogether. In 


Manuscript of this paper was received November 10, 1916. 
255 


256 HANSEN: D-C. MOTOR STARTING [Feb. 16 


such cases it is evident that the current and torque do not re- 
main constant, and formula (1) would not hold. When a motor 
is thrown directly on the line or the starting resistance is low, 
the starting current may reach a value many times the normal 
current. It is then not sufficient merely to know the time re- 
quired to accelerate to a certain speed, but the power developed 
by the windings must be determined to insure that dangerous 
overloads are not reached. There are, moreover, many indus- 
trial operations where the motor is started and reversed at 
frequent intervals and the power required for acceleration may 
be а considerable portion of the total load. In such cases it is 
necessary to know the r.m.s. value of the current in order to 
choose a motor with proper capacity and avoid excessive heating. 

The problem then is to obtain mathematical expressions for 
the current, speed, torque and power at any time during the 
accelerating period when a motor is connected to a supply cir- 
cuit. Closely connected with this, is the problem of dynamic 
braking where a revolving mass is brought to a stop by dissi- 
pating part of the stored energy in a resistance through which 
the armature windings have been short-circuited. Another ap- 
plication involving both phases of the problem 1s the flywheel 
motor-generator set, in which electrical energy is converted into 
mechanical energy and partly stored in a flywheel. At peak 
loads the stored energy is again converted into electrical energy. 

Approximations of the speed, torque and current curves during 
the acceleration may be obtained by assuming the torque con- 
stant for а small period of time. The speed and current at the 
end of this period may then be calculated, and the torque based 
on this new value of the current again assumed constant for a 
small period. A sufficient number of points may be obtained by 
this step by step calculation to draw the curves. This method has 
the disadvantage, however, that it does not show at a glance the 
relation which the quantities entering into the problem bear to 
one another, and the way in which a change ш one or more of 
them wil modify the curves. This paper is an attempt to ar- 
rive at a more general solution. 


SHUNT MoTons 


It has been shown in numerous text books and articles on 
armature reaction in d-c. machines that there is no demag- 
netizing effect due to the main armature current when motors 
are operated on no-load neutral. There is, however, a distortion 
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of the main field under load due to cross-magnetization, and as the 
teeth and pole tips are usually saturated to some extent, the in- 
crease in flux on one side of the pole is less than the reduction on 
the other. Тһе net result is then a decrease in the total flux 
per pole under load. In commutating-pole motors where rela- 
tively small air gaps are used, it is customary to supply a compen- 
sating winding in order to insure stability. It will be assumed 
that this winding is just about sufficient to compensate the flux 
reduction due to distortion, and the flux may be considered 
constant. 
When the terminals of a shunt motor are connected with the 
supply line, the impressed voltage must be balanced by the 
.Counter e.m.f. due to resistance and the counter e.m.f. due to 


rotation. If R be the resistance of all circuits in series, the first 
of these is R1. Тһе counter e.m.f. of rotation is expressed by 
the formula 


e = ВХГХФХКХ rev. per min. 


6 х 10° | (2) 
where B = number of commutator bars 
T = number of turns in series per commutator bar 
Ф = flux per pole in kilolines 
К = 2 in multiple wound armatures 


number of poles in two-circuit-wound armatures. 


As previously stated, when the torque is constant, the acceler- 
ation 1s constant, and the speed is directly proportional to the 
accelerating torque and the time. When the torque is not con- 
stant the speed is no longer proportional to the time, but the 
time rate of change in speed is proportional to the accelerating 
torque and if 5 be the number of revolutions per minute; 


dt — WxG 


when starting from standstill the speed at any time і is 


{ 
307.5 
spies | re (4) 


0 
$ 


The accelerating torque T, is the difference between the 
torque developed by the motor windings and the counter torque. 
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The torque developed by the windings expressed in pounds at 
one foot radius is 
BXTXO@XKX*%y 


Torque = 8.52 X 10° (5) 


Where 7, is the armature current and the remaining symbols 
have the same meaning as in the counter e.m.f. formula. 

The counter torque Г. consists of bearing friction, windage, 
hysteresis and the friction load. Тһе friction load may be ар- 
proximately constant or may vary with the speed, according to 
some law, in which case it can be expressed asa function of the 
speed. Assume first, the counter torque to be constant; the ac- 
celerating torque then is 


„ВХ: ХФХЕХ:. r (6) 


Т, 8.52 X 10$ 


Substitute formula (6) in speed formula (4) 


307.5 Ци ақы. 


5 = уу 8.52 Х 105 


— T.dt (7) 


0 


Substituting formula (7) for rev. per min. in formula (2) for 
induced volts, we get | 


_6X(BXTXoxXK) ЇГ 
e = ——101 х W Xx С ЭМГ: 


0 


А 
5 2ХВХТХФХК 
| lox Wea 14! (8) 


0 


_6X(BXTX ¢ X К)? 


512ХВХФХК 
Let Кі = 100 х W X С? Е ХЭРЛЭН 


and K: = — io x W x Gi 


The e.m.f. equation may then be written :— 


t t 
B= Rat Kf idi- К, | тй (9) 
0 0 


Equation (9) is not complete because it does not take into 
account the counter e.m.f. of self induction and the mutual іп- 
duction between the shunt and compensating coil. It will be 
shown later that the effect of these is of so short duration, com- 
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pared with time to accelerate to full speed, that, except in special 
cases, they may be omitted. 

Differentiating equation (9) with respect to 2 to free it from 
integral sign, 
d 1, 


AS 


+ К, —– К. Г. = 0 


Dividing by R and transposing, 


К. .- ЖЕТ, 


d 1, 1 
В “ В. 


cup 


A linear differential equation of first order integrated by the 
equation 
Ki К, К, 
- — i ----і =- = 
5 = є * fe : Ai ditAe 


where А is a constant of integration. 
Integrating and reducing we have 


A = 1, Ec К, T. 
and 
Ki 
_ Ke = 2 ) к! 
"=. т, + (1 K Г. ЕЗ 
When starting from a standstill J, = — and therefore 
K E К UR! | 
P ade UE D _ 2 R 
After a theoretically infinite (but practically very short) time 


Кі 
T 
the term containing the factore ^ becomes equalito zero and 
the current becomes A T., which is the current required to 
1 
develop full-load torque. From the value of the current, the 
Speed and torque and power output can easily be calculated. 
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If the counter torque Т, is neglected, formula (10) reduces to 


R (11) 


The instantaneous value of the power input is 


Te 
РНЕ, = Ее * (12) 


. The total watt-seconds energy to bring the motor up to speed 
is | 


The total energy expended in heating the windings is 


з (^? 5; 
IEEE к аг 
0 


0 
E? 
7 2Ki 


The instantaneous value of the power output is 


2 - №, 2 7M, 
Р, = (Е- Ri) i= Z е * Бл” į 


and the total energy developed by the motor windings is 


Kı oo 2Ki 
1E =R" E? ““Е 
IE = ДЕ € dt 
6 


= К, 2К, = 2 К, (18) 
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which is the energy stored in the revolving parts. If Т, is 
negligible, the counter e.m.f. at full speed becomes equal to the 
impressed e.m.f. Substituting the values of E (or e) and К, in 


this formula and multiplying by 220 to convert from watt-sec- 


onds, to foot-pounds, we have 


1 
5860 


Foot-Pounds = (rev. per min.)? X W С? 


2 1 2 т X rev. per min. : : 
"сих 60 . ) xexw ч) 
which is the usual expression for the energy stored in a revolv- 
ing mass. Hence the total energy input is divided in two halves, 
one half being expended in heating the windings and the other 
half stored in the rotating mass. 

This result can be arrived at directly from physical consider- 
ations. Suppose a motor to be running at no load and that the 
friction losses are negligible. Тһе counter e.m.f. is equal to the 
impressed e.m.f. E, and if the motor terminals are disconnected 
from the line and short-circuited upon themselves, the momen- 
tary value of the short-circuit current (neglecting self-induction) 


is = The torque developed by the motor windings now be- 


comes the counter or decelerating torque, and if a constant flux 
is maintained, the current decreases to zero in the same manner 
as when accelerating from stand still to full speed. "The copper 
losses in the two cases are therefore the same, and in the deceler- 
ating case the only way in which the stored energy can be dis- 
sipated is in heating the windings. When accelerating from 
zero to full speed, the energy stored in the moving parts is there- 
fore equal to the energy dissipated in the resistance. While the 
copper losses in the two cases are the same, from the standpoint 
of commutation, the condition is much more severe when the 
windings are short-circuited and the motor brought to a stop. 
The induced voltage and current are in that case a maximum at 
the same instant and the maximum power is much greater. 

As an illustration, consider a 5-h.p., 230-volt, 525-rev. рег 
min motor with the following characteristics: R = 1.8, B 
= 111, T = 6 and Ф = 840. 
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Constant Torque. Assume the moment of inertia of the arma- 
tures and load = W X С? = 75 


Непсе, 
K _ 6 хай X 6 840 X 4)’ _ , 
Б 10! Х 75 
К, = 5.12 X 2,240,000 = 153 


105 x 75 
= 50 


Armature current at full load E Г. = 19.2 amperes 
| 1 


4 
-— i 
From (10) we get: i, = (128— 19.2) є ' 5 1 10.2 


111175 

Ки 
S 

ү RNENE 

РР tL 

ИРЕЕТ 


SECONDS 


Fic. 1 


The current, speed and power curves are shown in Fig. 1 
Plotted against time in seconds, as abscissa. 

Assuming now that a resistance is inserted to limit the starting 
Current to approximately three times the full-load current. 
This would require a total resistance of four ohms or an external 
Tesistance of 2.2 ohms. Тһе curves are shown in Fig. 2. It will 
be noticed that the maximum power output when the resistance 
ls cut out is almost as great as when no resistance was used. In 
Order to limit the power output the resistance must be cut out 
in two or more steps. 

So far in this discussion it has been assumed that the counter 
torque was constant. Іп practise it may be approximately con- 
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stant or may vary with the speed in a great variety of ways, 
giving rise to many interesting problems. It may vary period- 
ically becoming zero at regular intervals, and it may become 
negative or in the same direction as the motor torque through 
part of the cycle. 

Varying Counter Torque. Ав an illustration of a case in which 
the torque is some function of the speed assume that the torque 
varies as the square of the speed. А direct-connected fan 1s ап 
example of this, because the air pressure and consequently the 
torque varies as the square of the speed. 

The counter torque may then be expressed as the product of 
a constant and the square of the speed thus: 


Г. = CS 


3 
SECONDS 


Fic. 2 


and the accelerating torque becomes 


BXTX@XK ух 


Ts = 8.52 X 10° 


55:00 95 . (1b) 


Substituting then in formula (16) the value of 5, 


ежбх 10° (Е-ВФ)х6х10 


ЭЭВХТХФХК” ВхТхфхК 


үүн БИГ ск К. cE CEA a 
эй 8.52 X 10: БУ 
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As in (8) the time-rate of change of speed equals accelerating 
torque: 


ds 307.5 | OE PC a 


di ИХ С? 8.52 X 109 


Tus [^ IT FEET xd | (20 


As before the sum of the induced volts and the R 7, drop must 
be equal to the impressed volts thus: 


ВхТхфхк 


6 x 106 E 


E = Ria + 


Differentiating with respect to 2 


| d 
pote, BXTXOXK 5 


41 6 х 108 ia 


Substituting the value of 55- from (16) 


di, | 307.5 БАЛ 215585145. 


dt^ хс? < 6 X 109 8.52 x 10 — 


_ с ГЕ Та 
Ба 


Multiplying and reducing 


d 14 
dt 


6X(BXTX@xXK)? . 


: lx WxG ^ 


+ 


1.845 x 10? | | 

Ба сиса к es Oe ee ас 

WXEXBXTXOXK © ` „йа 
6х(ВхТхфх К)? 


now let К, = 10! x ИХ Gi 
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1.845 X 10° X C 


and К-БХТХФХКХЇҮ ХОС 
Rf : 
+ К, 1. - К. (Е - Ry)? = 0 
RÍ*- K, E + (Kit 2S RE) ia — K К? 11? = 


Аала | = —4{ 
К,ЕГ-(Ку,-2К,КЕ)їс-К,КЁ? 462. 


Let К. Е? =a,K,+2K,RE = 2), К. К? = c, and substitute, 


Rdi, Ё 
Ca *2bi-ci > dt 


Multiplying numerator and denominator by c, 


ЕК аста БІТ 
-ас--95с4- Cie 


adding and subtracting 6? in the denominator, 


БӨКЕНШІ > RE = — dt 
bj—ac— (?ig—2bcig+ 0) — 


а (ci; — b) = аст, b being a constant, hence 


R d (c4, — b) 


Рас (cib)? — a 


d (c4, — b) | “ЭРЧЭЭ 
R (tte + a constant of integration = — t (17) 


dx 
por 


The expression under the integral sign is of the form 


which is integrated by J-i = Ys |1 5-3 s жі 
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Integrating (17) 


R У? — ac + (сі, — b) 
——— ———— lo [ м ] + а constant = — { 
2 УР ас : Vb? —ac— (сі, — b) 
Let constant of integration = — 2 log А 
2 У —ac 


and we have 


vb — ac + (cá, — b) 9 
ТЭ Эн —logAt=-—t 
2 Vb? — ас | у= кет ne 
vB — ac + (ci — b) с ш 
МУ—ас— (ci, — b) 
| Е 
Now when / = 0 іт -p and 
КУР-ас-сЕ-5Е 
Дэг 122213 
R VP —ac—cE--bR 
Solving equation (18) for 1, 
_ 2М#-ас, 
2.46 5 (Уд-ас-5)- Vi*—ac4b (19) 


ЭС 24/b:—a. 


FONT 2 ‘ ) 


Using same illustration as before C X (525)?=50, C=0.000182 
K, = 4, К, = 0.00199, а = 105 b = 2.83 c = 0.00642 
Ver ас = 2.705, A = 0.148 and substituting in (19) and 
reducing 


2 0.817 Е ЗЕ + 0.125 
^ 0.00642 (1--0.148 е-3!) 

The curves are shown in Fig. 3. The current decreases and the 
Зреед rises more rapidly than with constant torque, but the dif- 
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ference is not very marked because the counter torque is small 
compared with the motor torque. 
If, as before, we assume an external resistance of 2.2 ohms 
inserted in the armature circuit, we have 
R =4, К, = 4, Ke = 0.00199, a = 105, b = 3.85 
c = 0.0318, A = 0.25 


— 0.0318 (1--0.25 e - 1-69) 


The curves are shown in Fig. 4 and it will be noticed that the 
difference between these and the ones shown in Fig. 2 is more 
pronounced. 


then ^ 1a 


0 4 8 12 16 2 
SECONDS 


Fic. 8. 


In general when a motor 1s thrown directly on the line the 
difference between the curves taken with and without a friction 
load is hardly noticeable, the shape of the curves and time re- 
quired for acceleration being determined almost entirely by the 
inertia of the mass to be accelerated. As the starting resistance 
increases, however, the counter torque becomes of increasing 
importance. 

SERIES MOTORS 

In series motors the flux is not constant, but must be expressed 
as a function of the current. As was first shown by Frólich, the 
flux can approximately be represented by a parabolic curve. 
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Where ф is the flux per ampere at low density. А still closer 
approximation can be obtained if a constnat a is substituted 
for 1, thus 


_ Qi 
"80-54 


Substituting this value of the flux in formula (D) the torque 
becomes, | 


BXTXKX@X# 


Torque = "32 X10 X (a Fbi) 


and if the counter torque be neglected, the speed is 


ахла так» | әй 


Rev. per min. = "gir X 10 X WX Gi. 


2 
SECONDS 


Fic. 4 


Substituting these values of flux and speed in formula (2) we 
have for induced volts 


L6X(BXTXKXÓó* i 125 


IU xWxG а jatdbi 
L 6x (BX TX KX $)? _ 
10! x WX G? us 


The e.m.f. equation then becomes 


>. Kit (| dt _ 
nie e [gs - 2 


Dividing by ( zii. 


+bE 


| . ?dl aE 
Re coni e Rs | а E 
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Differentiating with respect to /: 


2? aEdi 
atmo -- 22 91 
Dividing b 2 
улап Xa tbi 
ba R 2 Р \а1 aH Ба Е\ ат 
T res )5*t&--Ca E E 
Transposing i 


К baR bak ? Еұа 
(FA t€ 
1 7 1 1 


ЫР 23 Е + Бас Е EJ 


2 E Sa es лада, ылық 5863 = 
РНЕ 2j 35 t Kit А 
baR baE a? E : 
piece 28 + 35 T O R log i 


(20) 


If log 4 is taken to the base 10, the last term must be multi- 


plied by Баг = 2.31 thus: 


A-c-baR,baE,a E 
EE tos 3$ 
К, 


— 2.316? R logui 


(21) 
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The constant of integration А is found from the initial con- 


dition when = 01 = = 
R 

Assume that the shunt and compensating coils have been re- 
moved and the motor supplied with a series field of 100 turns 
per coil. The resistance of the main circuit will be changed to 
2.3 ohms, and the following constants are found from the satur- 
ation curve: 


56, а = 0.62, b = 0.041 


ф = 


? SECONDS | 
Fic. 5 
Hence 
2 
Ree 6 X (11 X 6 X 4 Xx 56) 000177 A = 00169 


10" x 75 


0.0169 + 740554 ын 2:92 + 35 0.0089 logio 1 


К, 


[= 


The curves are shown in Fig. 5 and it will be noticed that 
compared with the shunt machine, Fig. 1, the current falls more 
rapidly at the start, due to the heavy torque, but the approach 
to the final value is more gradual as the flux decreases with the 
current. It will be further noticed that the speed rises above 
normal and, under the assumption made of no counter torque, 
would continue to rise. This is a condition which of course 
would not be likely to occur in practise, аз a series motor should 
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ever be applied where there is a possibility that its load may be 
entirely removed. If a counter torque, corresponding to the full- 
load torque had been assumed, the first part of the curves would 
not be greatly modified, but at about 0.6 or 0.7 of а second, the 
speed and power curves bend rather sharply, and gragually ap- 
proach their final values. 

The curves also indicate that in case of compound motors with 
the usual amount of compounding, it is sufficiently accurate to 
use an average value of the flux and assume it constant over the 
accelerating period. 


COMPOUND MOTORS 


Effect of Self and Mutual Induction Considered. It has been 
stated that the effect of self and mutual induction is usually not 
sufficient to appreciably modify the curves. There are cases, 
however, in which the peak value of the current may be reduced 
considerably by self-induction, and while the mutual induction 
between the shunt and series coils has practically no effect on 
the acceleration, it is interesting to note the change in the shunt- 
field current due to the main current. The discussion of the 
self and mutual induction is best taken up in connection with 
the study of the compound motor, because the series field is 
strong enough to have marked effect on the shunt-field current. 

It has already been pointed out that when the flux varies 
over a small range, an average constant value of the flux can be 
used, and the counter e.m.f. due to rotation is as before (neg- 
lecting counter torque), 


ЕА 


Let L, = coefficient of self induction of main circuit, L4 = co- 
efficient of self induction of shunt field, M = mutual induction 
between main circuit and shunt field, ғу = resistance of shunt 
field. 

We have for the differential equation of main circuit: 


ы eati + Rit [enin (22) 
and for the differential equation of shunt-field circuit, 


Ly Gh + MS Ч туту = Е : (23) 
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Differentiating equation (22) with respect to /, to free it from 
integral sign, | 
d 14 
Lı dit 


d? 14 
dt? 


" 
M TU PRESEK = 0 (24) 


In symbolic notation, equations (23) and (24) may be written: 
1. Рі + М рі + К рі, + Kita = 0 
1, ру + М ра ++; id = 1 


As the operator D obeys the commutative and distributive laws 
of algebra, these equations can be treated algebraically thus: 


(LLD + RD + К) і. + Мр? з; = 0 
М ра + (LD -Ет/ 1; =E 


eliminating i; 


| (Lı Dt +R D+K) MD 


ig = (9 MD? | 
L D +r; E 


(Ls D + 14) | 


expanding the determinants 


ТОЕЛ М?) D? + (La R + Гу) D? + (Le К, + r; R) D 
+ Ту Kıl 14-0 


Let L, 1 — М? = Мі, L R + Ly ғ; = М», Le К, + r; R 
= Мз, ‚К, = М, 

the auxiliary equation becomes E 

М, D+ М. Р? + Мз р + M, = 0 


This cubic can be solved algebraically Бу Cardan's method, 
but it is usually easier to substitute the numerical values of the 
Coefficients and solve by Horner's method of approximation. 

If ац, a5, аз, are the roots of the cubic, the solution of the dif- 
ferential equation is 


tg = А, €"! + А, e! + А, єз! (25) 
Where A, Аз and Аз are constants of integration. 
24 can then be expressed as a function of the 


time f (/) and if substituted in equation (23) it becomes 


The term M 


d 1 . 
L^ pri -E-f() 
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a linear equation of first degree, the solution of which is 


1 22123 A. 
i = те“ {= (E — f (t) dt 


The self induction of the main circuit of a d-c. machine when 
the field 1s excited to a point somewhat above the knee of the satu- 
ration curve, is due almost entire y to the distortion of the main 
field and is nearly constant over a wide range in armature current. 
. It does, however, decrease with the saturation of the main field. 
With по field excitation the flux set up by the armature m.m f. 
can be estimated, and the number of interlinkages of this flux 
with the armature conductors divided by the square of the num- 
ber of circuits in parallel is the coefficient of self induction. The 
field excited by self induction 15 estimated іп the same way ех- 
cept that the saturation must be taken into account. The self 
induction of the series field 1s usually very small compared with 
that of the armature. | 

When the armature current of a compound motor 15 suddenly 
increased, the effect on the magnetic circuit is two-fold. The 
series field tends to increase the flux and the cross-magnetization 
of the armature tends to decrease it. If the net result is to 
increase the flux, and it usually is in а compound motor, an e.m.f. 
will be set up in the shunt field of such direction as to momen- 
tarily reduce the field current or even reverse it. Тһе flux does 
not increase uniformily, however, but increases rapidly at the 
start and becomes almost constant for large values of the current. 
The mutual induction is therefore not constant, but as the total 
change іп flux 15 comparatively small, it is sufficiently accurate 
to use an average value and consider it so. 

A 7 i-h.p., 230-volt, 1150-rev. per min. motor has the fol- 
lowing constants: 


Lı = 0.012, М = 0.13, Г» = 40, К = 0.58, r; = 410, Ф 
=765, В = 99, Т = 4 


Let moment of inertia = W X С? = 130 ft-lb. 
We then have 
Li L — М? = 0.463, L, R + Ly Fr 20.12, L: К, + r,R 
= 265.4 r, К, = 282 


and the auxiliary equation is 


0.463 D? + 28.12 D? + 265.4 D + 282 = 0 
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The roots of this equation are 


—122  —115  —478 
and 
ig = A; 671-221 + А, 611-51 + А, 67481 
MT = — 0.158 А, €-122!1 — 1.49 А, € 11 5: — 6.24, e 47.81 


substituting in equation (23) 


1459 + r; iy = E+ 0158 4, ei? 


+ 1.49 А, є- 11.5: + 6.2 А, е 47-8! 
Solving 


NUN, „т С E 
icen'|ern [= + 0.00395 А, e- 1:22: 
2 


+ 0.0372 А, e-11.5! + 0.155 А, е-е |а 


Integrating and multiplying out 


ии = 2 + 0.000435 А,в-1:22%2 — 0.031 А, €7!!-51 
f 
— 0.00413 А, e~ 41-8! 


The e.m.f. due to rotation is 


te Р eee 
ZI ( 2 at + MTU + Rie) 


Substituting the value of i, and i, 


е = 230 0.5663 A, €- 122! — 0.4877 А, e- 115! 
— 0.0257 А; 6 47.81 


ES 


Now жћепі = 0 4-0 i= Е 
/ 


е = 0 
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and we have for equations of integration constants 


А, + A» + As = 0 
0.000435 A, — 0.031 A; — 0.00413 A; = 0 
0.5663 A, + 0.4877 А, + 0.0257 А; = 230 


solving these equations 


A, = 372, А, = 63, Аз = — 435 
Hence ` 
ig — 372 в-11224 + 63 e-i1131 — 435 e- 478: 


dy = 0.56 + 0.162 e7 1-224 — 1.95 е-11.54 + 1.8 e- 475! 


сл 


eo 


рд 


SHUNT FIELD AMPERES 
м 


Calculated from | bia. ала 
і;" 96 *.162c 


— — From Test 


Calculated from 1, - 396 


BNEEEEEEEEEE 


х 11111111) 
MR WEN NN WR NI 


ARMATURE AMPERES 


1.2 
SECONDS 


Fic. 6 


The curves are shown in Fig. 6 and it will be noticed that the 
discrepancy between the calculated and tested shunt amperes is 
rather marked, due to the fact the mutual induction is not con- 
stant as was assumed. 

In Fig. 7 are shown the calculated and tested curves with the 
flywheel effect reduced to approximately 35 and 6 ft-Ib. With 
a starting resistance of one ohm being inserted in series with the 
armature, formula (1) becomes: 


ig = 146 e- 4351 


The curves are shown in Fig. 8, the broken line being taken 
from the oscillogram. 


эф, -.- o e =— _ _ _ 
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In many applications of self-starting motors the shunt field 15 
not excited before the armature circuit is closed, but the two are 
connected to the supply line simultaneously. It is evident that 
in all such cases the series field must be depended on to supply 
the accelerating torque at the start, because not only does it 


І Moment of Inertia 35 Foot-pounds 


300 \ — Calculated from i, 396: 7" 
EX | рц 
2 Е I| If Moment of Їтегиа 6 (appr.) Foot-pounds 
$200 : Calculated from 1,: 396 M 
i ae ----- From Test Ж 
алғы анин 
ANN SERRE 
азанны стин 
4 \rmature Атру ! теге | 
0 X x CIC 12 


SECONDS 


Fic. 7 


take the shunt-field current an appreciable time to reach its full 
value due to its high self-induction, but at the instant the switch 
is closed it rises in the opposite direction on account of trans- 
former action of series field. An exact mathematical solution is 
complicated, but a composite curve can be made up considering 


AHHH ЖЕЖ 


nu 


drn, i | 
8177 4 
т 


150 


AMPERES .. 


і 
0 1 2 3 4 5 6 


the motor as series wound at the start and compound when 
approaching the final condition. Тһе oscillograms shown in 
Fig. 9 were taken with the armature and shunt field circuits 
Closed simultaneously. 

А striking resemblance between these equations and those of 
the condenser charge is apparent, and such was indeed to be 
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expected. In the condenser charge the potential at the con- 
denser terminals is proportional to | 2 d t, and the stored energy 


to œ, where e is the final value of the terminal voltage. With 
constant flux the counter e.m.f. of a rotating motor armature is 


Zero Line of Armature Current 


— 
г 
ud 
Armature Current v 
Е Zero Line of Shunt Field Current 0.50 ЕБ 
o : Т | MUN d | | 11! WI T ШШ [0.25 
g 200 gs | р MN "МЛ үл. ШИНЫ ЛА, a AM, Г. и | um селе ЧАА AL | | ^ i 
[ud | nt | | |, "n | НТ | | \ dri a TN 
< 30 Т | ин xd 
2 м. 
< 4 Field Current 0.505 
> 
0.75 = 
0 i 2 3 4 5 i 
SECONDS 


Fic. 9—STARTING TESTS ом 714-H. P.—230-VOLT—1150-REV. PER MIN.— 


COMPOUND MOTOR 
Shunt field—self excited—no-load condition—130 1b. flywheel effect. 


proportional to | 4 42 and the energy stored in the revolving 


parts is proportional to the square of the speed, and therefore to 
the square of the voltage. 

The coefficients of the auxiliary cubic are in general positive 
and it has therefore no real positive root, having no changes of 


50 
б Zero Line of Armature Current 
50 Armature Cur, 
= nt Zero Line of Shunt Field Current 
ААА АА ААА ААА ААА АА ААА ААА ААА AU AAA DANAA AA AN A AA 0 
0.25 
————_______Ёей Атреез А 7------ 225 
0.75 
0 Ч % % “4 1 1% 1% 1% 1% 2 2% 2% 2% 
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Fic. 1O—STARTING TESTS ON 7 l4-H. P.—230-VOLT—1150-REV. PER MIN.— 


COMPOUND MOTOR 


Shunt field excited separate 230-volt source —no series field in no-load condition—35 Ib. 
flywheel effect. 


sign. It has alwavs one root of sign opposite that of the last 
term that is negative. The remaining two may be negative or 
imaginary. In case of a pair of imaginary roots, two of the 
terms would appear in the form 


А, €? +78 + А. в-4-/8 


From the relations existing between the exponential and trig- 
onometric functions these terms can be written 


6-“ (B, cos В + В, эт В) 
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That is, speed and current will oscillate slightly about their 
normal values, but will quickly settle 1f a constant flux is main- 
tained. If, however, the compensating field is not strong enough 
to keep the flux from decreasing with load, and the resistance 
drop not sufficient to offset the decrease in flux, the motor has 
а rising speed curve. With the moment of inertia exceeding a 
certain value under these conditions, the current and speed will 
continue to oscillate and the operation is unstable. Тһе oscillo- 
grams in Fig. 10 were taken without the series field in the circuit 
and the unstable condition is plainly shown. The current rises 
to approximately 100 amperes then decreases and reverses 
reaching approximately 25 amperes in the opposite direction, 


‚ 220 Volts thrown across Arm mE 
00-12 


ge Armature Current Zero Line of Shunt Field Current 

4 Shunt Field Current 

: т 
aA A AAA | Л | VU ДДАДДДДААД! V V V V | V ! 


25 ~. Timing Wave 


Zero Line of Armature Current 


e 
» 


~ © 
Юю œ 


ARMATURE AMPERES 


SHUNT FIELO AMPERES 


= 
o 
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Fic, 11—STARTING TESTS ON 7 4-H. P.—230-VoL T—1150-REV. PER MIN.— 


COMPOUND MOTOR 


= К 04044 condition—pulley removed—series fiel i rei ovei—shunt field excited to 230 
Olts separate source—220 volts applfei to ari at. re. 


repeating the cycle about every 3 seconds. Тһе speed rises 
to approximately 20 per cent above normal. 

The oscillograms in Fig. 11 were also taken with the series 
field left out. In this case the flux decreases with increasing 
armature current and the direction of the voltage generated in 
the field winding is such as to increase the field current instead 
of decreasing it. It will be noticed that the field current rose 
Momentarily to almost three times its normal value. It is 
Interesting to note the effect of this on the armature current and 
the acceleration. Тһе armature current decreases rapidly until 
the shunt field has fallen to its normal value when the weakening 


9f the field is shown by the sharp bend in the armature current 
Curve, 
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EFFECT OF CURRENT LIMITING REACTORS ON 
TURBO-GENERATOR SYSTEMS UNDER 
CONDITIONS OF. SHORT CIRCUIT 


BY P. B. JUHNKE 


ABSTRACT OF PAPER 


An account of a cable breakdown near one of the generating 
stations of the Commonwealth Edison Company's system. Тһе 
breakdown resulted in a second breakdown on same line within 
the station, which prevented the oil switch from automatically 
disconnecting the fault. Тһе system is amply protected by ге- 
actors for generators and between bus sections. Their effect 
on the stability of synchronous apparatus on sections protected 
by them is very marked. The protection to generating station 
apparatus was complete. Comparison of maximum stresses en- 
countered in the short circuit as it occurred with what they 
might have been without reactors present are made, and the con- 
clusion is drawn that without them the damage resulting would 
have been considerable and the service interruption far more 
general and serious. 


HILE current-limiting reactors are by no means of recent 
date, having long passed the experimental stage, com- 
paratively little data are available showing in what manner they 
perform their intended functions under conditions of short cir- 
cuit on systems protected by them. This paper contains an 
account of a cable breakdown near the generating station, 
which resulted in a second failure on the same line within the 
station, between the current transformer and the automatic oil 
switch, thereby preventing immediate operation of the latter. 
Аз the system in question 1$ one of the largest in the country, 
amply protected by reactors on the generators and between 
sections of the bus, an analysis of the effect of the short circuit 
on the system might not be without interest. 


EvENTS BEFORE AND DURING TROUBLE 


The system in question is that of the Commonwealth Edison 
Company. The breakdown in question occurred at the Quarry 
St. station on line No. 223, December 22, 1916, 7:31 p.m. Its 
first indications were the tremendous roar of the generators, 
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the violent swinging of all tie-line and transmission-line ammeters, 
the automatic opening of the switches on the 5000-kw. fre- 
quency changer, which tied the 25 and 60-cycle systems, and the 
automatic opening of lines 212, 213, and 226. After a period 
of about 10 to 15 seconds, the automatic opening of line switch 
No. 223 cleared the trouble. | 

When the short circuit had cleared itself, about 80,000 kw. 
of system load had, been automatically disconnected by the 
operation of the protective devices in the sub-station. This 
resulted in a rise of the system frequency, which caused three 
of the four Quarry generators to trip out on the steam end. 

An investigation revealed the fact that the connector be- 
tween oil-switch leads and current transformers on В and 
C phases of line No. 223 as shown in Fig. 1, had burned 
off and that one of the leads had established an arc to 
a ground bus and the other to a bolt embedded in con- 
crete. Тһе arc had damaged the relay wiring on В and C phases 
of line No. 228, making these 
two relays inoperative, but leav- 
ing А phase relay intact. А test 
on the cable of line No. 223 in- 
dicated that the line had burned 
open on В and C phases outside 
of the station, and that A phase 
was grounded. The cable fault was located in the conduit on 
station grounds, about 600 ft. from the oil switch. About 
two feet of the cable was found to have been destroyed. 

When repairs were made it was found that this burnout had 
occurred within a very few feet of the location of a previous 
burn-out on line No. 1222, which was 1n a diagonally adjacent 
duct. Nothing serious, however, was indicated by the latter 
burn-out. Тһе switch had opened promptly and the cable gave 
no evidence of any unusually severe trouble. 

When repairs on line No. 223 were made and the close prox- 
imity between this burn-out and the burn-out on line No. 1222 
was established, it was thought best to dig up the conduit, 
break out the ducts and expose the cables to determine if any 
other cables had been injured. This was impossible at the mo- 
ment, as the ground was covered with storage coal, and it was 
several days before the coal could be removed for the purpose. 

On exposing the cable it was found that an adjacent duct wall 
had been broken and that the lead had been burned from one 
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side of line No. 1217 in this same duct. Тһе force of the ex- 
plosion had pushed the cable of this line forcibly against one 
side of the duct, so that the exterior of the cable assumed very 
closely the form of the inside of the tile ducts. This is shown in 
Fig. 4, which is reproduced from a photograph of a section of this 
cable after removal. Тһе external injury to this cable at the 
location of the burn-out is shown in Fig. 5, as it was found eight 
days after the trouble on line No. 223 occurred, during which 
time it had been in continuous operation. This line did not 
break down, but the cable was removed and replaced. 


-J 


QUARRY ST. STATION 


Fic. 3—PLAN SHOWING CONDUIT LOCATION AND POINTS ОЕ BURNOUTS— 
QUARRY STATION PROPERFY 


ANALYSIS OF SEQUENCE OF EVENTS 


An analysis of the trouble led to the conclusion that the initial 
fault on line No. 223 occurred between В and C phases in the cable. 
With the lead sheath at the location of the burn-out destroyed 
by the previous burn-out on line No. 1222, this was the most 
likely failure and probably due to moisture penetrating the in- 
sulation. 

It is believed that when the fault outside was established, the 

great rush of current, largely due to the nearness of the fault to 
_ the station bus, caused the joint between the lead from the oil 
switch and the current transformer to break apart on both B 
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Fic. 3—PLAN SHOWING CONDUIT LOCATION AND POINTS OF BURNOUTS— 
QUARRY STATION PROPERFY 


ANALYSIS OF SEQUENCE OF EVENTS 


An analysis of the trouble led to the conclusion that the initial 
fault on line No. 223 occurred between B and C phases in the cable. 
With the lead sheath at the location of the burn-out destroyed 
by the previous burn-out on line No. 1222, this was the most 
likely failure and probably due to moisture penetrating the in- 
sulation. 

It is believed that when the fault outside was established, the 
_ great rush of current, largely due to the nearness of the fault to 
the station bus, caused the joint between the lead from the oil 
switch and the current transformer to break apart on both B 
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and C phases. It is probable that when the arc to ground was 
established, the arc to the short-circuited cable was maintained 
until А phase broke down either to ground or to one of the other 
phases, which.caused the А phase relay to open the oil switch 
on line No. 223, thereby clearing the trouble from the bus. 
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Fic. 6—SECTIONAL SKETCH OF EXPOSED CONDUIT 


DESCRIPTION OF SYSTEM 


The total capacity of the 25-cycle, 9000-volt system here con- 
cerned consisted of 17 generators and a 5000-kw. frequency 
changer of a combined capacity of 251,000 kw., each of the 
generators having, including its external reactance, a total reac- 
tance of approximately 8 per cent. The load carried was ap- 
proximately 200,000kw. This system, at the time of the trouble 
consisted of four more or less distinct parts, with generating 
capacity and load at time of trouble, as follows: 


Generating Number of 


Station or section capacity machines Load 
Могїһзе$ї%.................... 50,000 kw. 2 50,000 kw. 
Fisk A. Section................ 60,000 “ 5 48,000 “ 
Fisk B. Section................ 80,000 “ 6 55,000 “ 
Quarry Sticke IPSA аты 61,000 “ 5 49,000 “ 

251,000 kw. 18 202,000 kw. 


Fisk A and B sections are the two parts into which the Fisk 
St. station 25-cycle bus is divided, each of these two sections | 
being separately in parallel with Quarry St. over a tie line pro- 
tected by a balanced relay, and consisting of three 250,000-cir. 
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mil, three-conductor, 9000-volt cables of an average length of 
2400 ft. In each phase of this tie line is a 20 per cent series 
reactor, this value being based on Y-voltage drop at the rated 
full load of 10,000 kv-a. per line. These three sections are thus 
operated on the open-ring principle. Northwest is connected 
with Fisk section B over four tie lines of a total cross section of 
1,000,000 .cir. mils and average length of eight miles, these tie 


1-30,000 Kw. 
1-20,000 Kw. 
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angth.. 8 Mi. 


5-12,000 Kw. 
1-25,000 Kw. 5-12,000 Kw. 
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4-14,000 Kw. Turbo-Generators 
1-5000 Kw. Frequency Changer 


Fic. 7— DIAGRAM OF SYSTEM AS OPERATED AT TIME TROUBLE OCCURRED 


lines carrying stations along their route. The relays on these 
tie lines are of the bellows type, with a setting on each line as 
follows: Minute, 9375 kv-a.; 2 seconds, 11,700 kv-a., and inst., 
14,000 kv-a. Fig. 7 is a diagrammatic representation of the 
system as it existed at the time the trouble occurred. 

At this time the synchronous apparatus supplied by the dif- 
ferent sections was as follows: 


Apparatus in substations 


Sections м—— —— ——————— 
Synch. conv. Synch. motors 
Могіһчеві............................ 9 substations 2 substations 
Fisk A бесбоп......................... 20 “ 5 3 " 5 
Fisk B беспоп......................... 18 “ “ 1“ Е 
Quarry $%........................... - 15. “ = 1“ т 
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EFFECT ОЕ SHORT CIRCUIT ОМ SYSTEM 


At the time the trouble occurred, nearly all the synchronous 
apparatus feeding from Quarry St. lines was automatically dis- 
connected, about 70 per cent through operation of a-c. overload 
relays opening oil switches, apparently due to back feed into the 
short circuit; about 28 per cent due to reverse current or low- 
voltage release relays tripping d-c. circuit breakers. This ratio 
of apparatus disconnected by operation of oil switches to that 
disconnected by operation of d-c. breakers is exceedingly small 
in the stations supplied by either of the Fisk St. sections, while 


NORTH-WEST 
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N NI 


FISK SECTION A 


9,9.. 


АРААЛАР ААУ, 


OY 
DX XXX XX XXX XX 
ХХ ХХ ХХ 


Gen. Capacity 


Fic. 8— DIAGRAM OF GENERATOR CAPACITY—LOAD CARRIED AND LOAD 
AUTOMATICALLY DISCONNECTED 


none of the apparatus on Northwest lines was disconnected on 
the a-c. side. The only machine which was automatically dis- 
connected on the a-c. side on Fisk B section tripped out because 
it was operating in parallel on its d-c. end with a machine twice 
its size, feeding from Quarry St., due to the overload caused by 
the reversal of the latter, on which only the d-c. breakers opened. 
Fig. 8 is a diagram of generating capacity, load carried, and load 
interrupted when trouble occurred. 

This diagram clearly demonstrates the beneficial effect 
of current-limiting section or bus reactors on the stability 
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of apparatus on the sections protected by them. While very 
nearly 100 per cent of the capacity and load supplied by the 
section on which the trouble occurred was affected, only 36 per 
cent of the load on Fisk section А and 27 per cent on Fisk section 
B was interrupted. Of the total Northwest load only about 6 
per cent was affected. Тһе smallness of this latter figure un- 
doubtedly is due to the considerable amount of tie line resistance 
between Northwest and Fisk section В. The rather considerable 
loss in load on Fisk А and B sections was mostly due to d-c. 
circuit breakers opening іп some of the substations supplied by 
A and B sections, which in a large measure was caused by over- 
loads from the interruptions to substations which had been sup- 
plied by Quarry St. lines. 


PROBABLE VALUES ОЕ SHORT CIRCUIT 


Calculations to determine the dimensions of the short-circuit 
current and stresses due to them can only be approximate. The 
calculations presented herewith are largely based on test data 
contained in a paper submitted to the Institute in June, 1911, by 
Messrs. Schuchardt and Schweitzer. Certain assumptions, how- 
ever, can be made with a fair degree of probability, which will 
at least permit of determining the maximum values of the current 
into the fault. These are: 

1. That the fault in the cable was of negligible resistance 
(variations in the value of this quantity, if same is taken at 0.025 
ohm, do not materially affect the result). 

2. That the behavior of the Quarry St. machines is comparable 
to that of the Fisk St. machine, tests on which were reported in 
the papet by Messrs. Schuchardt and Schweitzer. 

3. That the synchronous apparatus connected to Quarry St. 
at the time the trouble occurred, returned energy at a power 
factor of about 10 per cent for the 230-volt synchronous con- 
verters and motors, and 5 per cent for the railway converters. 

Based on these assumptions, the maximum short-circuit 
current is made up of the following components: 

A. Current supplied by the Quarry St. generators. 

B. Current supplied by the Fisk St. generators, over tie lines 
A and B. 

C. Current supplied by synchronous apparatus directly con- 
nected to Quarry St. lines. 

This is determined by taking the short-circuit currents of the 
three parts and combining them vectorially. This gives the 
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combined impedance, to which then is added the impedance of 
the faulty line, giving the resultant short-circuit impedance. 

The calculation is carried out in detail for the Quarry St. 
machines as follows: 

Maximum short circuit between phases on four 14,000-kw. 
turbo-generators = 4 X 900 X 11.9 = 42,840 amperes, at a 
generator open-circuit voltage of 9000 volts. 

Total maximum effective short-circuit current = 49,240 
amperes. 

Generator open-circuit voltage corresponding to excitation 
with load carried before trouble occurred = 10,200 volts. 


10,200 
49,240 


Power factor taken as 7 per cent, which is the probable figure 
given in the paper previously mentioned. 

Resistance of armature circuit = 0.07 0.206 = 0.014 ohm. 

Reactance of armature circuit = 0.205 ohm. 

Maximum effective short-circuit current = 45,800 amperes. 

Power factor = 7 per cent. 

In like manner the combined Fisk A and Fisk B section 
current, limited: almost entirely by the sectionalizing reactors, 
сап ҺесһомпіоБе........................... 5,800 amperes. 

Power factor — 2.8 per cent. 


Impedance of armature circuit — — 0.206 ohm. 


SHORT-CIRCUIT CURRENT ОЕ SYNCHRONOUS APPARATUS 


This calculation assumes approximately 5 X full-load current 
for railway machines and 20 X full-load current for the 230-volt 
converters and the frequency changers. ы 


Total capacity of railway machines con- 

nected to Quarry 54................... 42,000 kw. 
Total capacity of 230-volt converters and 

frequency changers connected to Quarry 

gusce TEL EEIE E EEEE 17,100 “ 
Maximum effective short-circuit current of 

railway machines at power factor 24.7 

регсепизеамаювылаза ағ CHE ХБИ . 11,500 amperes. 
Maximum effective short-circuit current of 

230-volt converters апа frequency 

changers at power factor 54.5 per cent... 11,800 4 
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Total maximum effective short-circuit сиг- 

rent supplied by synchronous apparatus at 

power factor 40.6 per cent. ....... 28,000 amperse 
Total maximum effective short-circuit cur- 

rent of Quarry St. generators, Fisk A and 

B Section generators, and synchronous 


apparatus connected to Quarry St........ 73,300 s 
Power factor = 17 per cent. 
Combined armature impedance = .... .... 0.14 ohm. 
4 ©. — fesistance =......... 0.024 “ 
s 4 теасіапсе = ......... 0.138 “ 
Impedance of line No. 223 to fault, neglect- 
ing resistance of arc = ................ 0.062 “ 
Resistance of line No. 223 to fault 2 ..... 0.06 ә 
Reactance “ “ Цан E AE а) 0.018 “ 
Total resistance of armature and line =... 0.084 “ 
“reactance “ 4 е um 22 30.156 5 
* impedance “ s 4: UE. s 0 1/0. * 


Power factor of circuit — 48 per cent. 
Maximum effective short-circuit current into 


fault, added vectorially =.............. 58,000 amperes 
Maximum effective value of energy in arc 
at a resistance of 0.025 ohm = ......... 74,100 kw. 


It might be of interest to compare this with the value of 
current that would have obtained under similar conditions had 
the system been without reactors in the generators and between 
sections of the bus. In this event the total short-circuit current, 
computed in same manner as with the reactors in circuit, would 
have been approximately 106,000 amperes, and the power 
factor 83 per cent. This would have multiplied the stresses 
incidental to the short circuit as it occurred by 3.3 and would 
have given stresses of approximately 1,140 lbs. per foot of parallel 
conductors below oil switch. Such stresses more than likely 
would have damaged the bus structure, would have immensely 
increased the task of oil switches and made the service interrup- 
tion far more extensive and serious. 


BEHAVIOR OF SUB-STATIONS. 
While synchronous apparatus in a number of substations was 
automatically disconnected through operation of either the a-c. 
ог d-c. relays, the interruptions in the substations so affected 
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were of remarkably short duration and the recovery was exceed- 
ingly rapid. As nearly as can be determined, the service inter- 
rupted from substations connected to the section in trouble 
amounted to about 50,000 kw. for five minutes, on one of the 
two sections protected by sectionalizing reactors to about 20,000 
kw. for three minutes, and on the other to about 10,000 kw. for 
two minutes. The behavior of sub-station protective devices 
during the trouble is a subject full of interest, the complete 
analysis of which, however, has not yet been completed. 


CONCLUSION. 


Considering results in their entirety, the influence of the 
reactors must be pronounced as exceedingly beneficial. Not a 
single piece of generating station apparatus was disabled, as 
was almost invariably the case before the installation of current 
limiting reactors. Even on the section directly affected every- 
thing was ready for immediate resumption of service as soon as 
the trouble was cleared. The value of the reactors seems to have 
been happily chosen; no evil results attended the operation of the 
system during and after the trouble; no oil switches failed; and, 
most important of all, comparatively little load was interrupted 
on the sections protected by the sectionalizing reactors. 


Presented at the Toronto Section Meeting of the 
American Institute of Electrical Engineers, Sep- 
tember 22, 1916. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions) 


ELECTRICAL MACHINERY TESTS AND SPECIFICATIONS 
| BASED ON MODERN STANDARDS 


BY H. M. HOBART 


ABSTRACT OF PAPER 


Comparisons are made of the standardization rules for electri- 
cal machinery now in force in various countries. Itisshown that 
the differences are of a very minor character and that machinery 
built in conformance with the American rules will usually also 
conform with the rules employed in other countries. Thesugges- 
tion is made that 55 degrees could be employed as the ambient 
temperature of reference for tropical ratings and it is maintained 
that such a plan fits in nicely with the value of 40 degrees already 
adopted as the ambient temperature of reference for other than 
tropicalratings. Attention 1$ called to a series of acceptance tests 
on some large waterwheel generators and to the temperature 
results obtained by making cyclic heat runs on these machines. 


| THE course of his work the author frequently has been 

brought face to face with the fact that the mere drafting and 
circulating of standardization rules constituting а radical 
departure from former practise, are insufficient to bring about 
general use of the contemplated modifications. It is necessary 
to have a wide and thorough discussion in order that there shall 
be a clear appreciation of the reasons for and the consequences 
of the alterations. Furthermore, in working out so compre- 
hensive a proposition as that represented by the Standardization 
Rules of the American Institute of Electrical Engineers, provision 
has to be made for a large number of details, whose importance, 
if not especially emphasized, is liable to be overlooked in the 
practical application of the rules to concrete cases. There are a 
good many sections in the rules, which at first glance would seem 
of minor importance, but which, nevertheless, set forth require- 
ments which cannot be disregarded advisedly on the occasions 
of acceptance tests and ш the drafting of specifications. 

The author recently has had occasion to carry out a series of 
very interesting acceptance tests upon some large waterwheel- 
driven generators. Since it was the purpose to make the tests 
with exceptional care, it seemed to be an admirable occasion to 
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subject the American rules to a thorough test. Consequently 
especial endeavors were made to conform with the requirements 
set forth in the American rules. Various points arose in which 
this practical process of putting the rules to the test, suggested 
the desirability of slight modifications to increase their definite- 
ness. | 

In the original drafting of a specification, the feasibility of 
determining by simple tests that the requirements of the speci- 
fication have been fulfilled, should always be kept prominently 
in mind. Indeed the close association between a consideration 
of the terms of the specification and a consideration of the 
general subject of the carrying out of acceptance tests is so: 
obvious that it is unnecessary to further justify the predominance 
given in this paper to the acceptance-tests aspects of the subject. 

As regards electrical machinery, the British Standardization 
Rules issued by The Engineering Standards Committee in 
Report No. 72 and the October, 1916 edition of the Standardiza- - 
tion Rules of the American Institute of Electrical Engineers are 
in such close agreement that machinery built and rated to con- 
form with the one set of rules will usually also conform with the 
other set of rules. Тһе slight quantitative differences between 
the two sets of rules practically always will be covered by the 
margin reserved by manufacturers. This general statement of 
fact is made as a matter of interest, but of course it 1$ always 
important to make certain that the standardization rules ac- 
cording to which the machinery is specified іп any particular case 
agree in all particulars. An appendix to this paper contains in 
tabular form a statement showing the slight differences in the 
temperature limits in the British and American standardization 
rules. The heating and temperature sections of the 1916 edition 
of the Italian rules are also in close agreement with the corres- 
ponding sections of the British and American rules.! 

The British rules do not yet cover quite as many subjects as 
the American and Italian rules, which already comprise sections 
relating to efficiency and to regulation іп addition to those 
covered by all three sets of rules. The limitations of this paper 
will not permit of a discussion of these two latter subjects nor of 
the subject of dielectric tests, notwithstanding their interest and 
importance. Тһе paper is further limited chiefly to points relat- 

1.‘‘Standards for the Ordering and Acceptance of Electrical Machines” 


issued by the Italian Electrotechnical Association; Central Offices: 10 Via 
S. Paolo, Milan. 
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ing to rotating machinery, the important subject of stationary 
transformers being excluded since its consideration would have 
too greatly increased the length of the paper. 


TEMPERATURE STANDARDS 


So far as relates to heating and temperature, the plan under- 
lying all modern standardization rules for electrical machinery 
consists in establishing approved upper limits of temperature. 
These limits are such as to permit of continuous subjection there- 
to. While as an actual fact these limiting temperatures could be 
exceeded safely for short intervals, this is not permitted by the 
rules. The approved upper limits have been determined upon 
with a view to providing adequate factors of safety. Having 
determined upon approved values for the upper temperature 
limits, the next step consists in adopting a reference value for the 
ambient temperature. Тһе difference between the approved 
upper limits and the ambient temperature of reference con- 
stitutes the limiting temperature rise. Тһе rating is obviously 
a function of the thus-deduced temperature rise. 


AMBIENT TEMPERATURE OF REFERENCE 


In the British, the American and the Italian rules the ambient 
temperature of reference is 40 deg.? This value is adopted 
because it is a temperature approached in all parts of the tem- 
perate zone at some time during the year. 

In none of these three sets of rules 15 there, as yet, any pro- 
vision for machinery for tropical countries. The author would 
suggest 55 deg. as a suitable ambient temperature of reference 
for tropical ratings. The suggestion is not based on any conten- 
tion that electrical machinery is liable to be installed in locations 
where an ambient temperature of 55 deg. would be at all likely to 
occur, but for the three following reasons: 

First, that it is desirable to employ a value which will ensure 
a margin of a few degrees; second, that the ambient temperature 
of reference for tropical ratings should not exceed that for tem- 
perate ratings by less than 15 deg. (a less difference would lead 
to ratings which would be so nearly the same for the two cases 
that the difference hardly would be worth taking into account); 
third, that the value of 40 deg. is, strictly speaking, rather too 
low for the temperate zone. While its occurrence is by no means 
usual, it is so often approached within a few degrees that it 


2.Throughout the paper, all temperatures are given in the centigrade 
scale. 
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cannot be said to provide much margin when employed as a 
standard reference value. Since 40 deg. is now firmly established 
for the temperate zone, the consistent value for a basis for tropical 
ratings is 55 deg. Practical experience has demonstrated the im- 
portance of employing distinctly lower ratings for electrical 
machinery destined for use in tropical countries, than ratings 
which have proven satisfactory for the temperate zone. 

The ambient temperature of reference of 40 deg. for all 
countries in the temperate zone was adopted only after very 
careful investigations. While there are many localities where 
an outdoor shade temperature of 40 deg. is never attained at any 
time in the year, nevertheless there are in the temperate zone very 
few localities where àn outdoor shade temperature of 35 deg. is 
not sometimes closely approached. It was decided that 35 deg. 
did not afford sufficient margin. The following data bears out 
the correctness of this decision. 

From the report of the chief of the Weather Bureau have been 
taken the following maximum temperatures recorded in any 
station in the designated states during the year 1908. 


42 deg. Kansas, Nebraska, New Mexico, Oklahoma 
43 “ Montana, Idaho, Oregon, South Dakota, Utah, Wyoming 


44 “ Washington 
46 “ Texas 

47 “ Nevada 

49 “ California 
52 “ ` Arizona 


In America, meteorological observations are often made by 
amateur volunteers and it is possible that some of these higher 
values may not have been adequately verified. 

From ‘‘Symons Meteorological Magazine" for 1912 has been 
compiled the following table of temperatures at 20 places in the 
British Empire. Тһе records consulted were compiled from 30 
places in the British Empire. For the remaining ten places 32.5 
deg. was not reached at any time during the year 1911. 

It is of importance to emphasize that it is not essential to be 
able to reconcile the ambient temperature of reference with the 
maximum temperature occurring in the locality where the 
machinery is to operate. The greater the amount by which the 
ambient temperature of reference exceeds the temperature where 
the machinery is operated, the greater is the factor of safety. 
The shade temperatures set forth in meteorological records are 
usually taken where there is no local source of generation of heat 
and where air circulates freely. Electrical machinery in operation 
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itself constitutes a source of heat and increases the temperature of 
the surrounding air. Furthermore electrical machinery is often 
located in places where the circulation of air is very much 
restricted. Consequently the ambient temperatures near 
electrical machinery will generally considerably exceed the shade 
temperatures recorded by meteorological stations. Indeed there 
is no proof that the actual ambient temperatures in the neighbor- 
hood of electrical machinery are related at all closely to the 
official temperatures issued from meteorological stations. It is 
evident from the tables which have been given that, strictly 
speaking, even 40 deg. 1$ too low for the reference temperature, 


NUMBER OF MONTHS DURING 1911 IN WHICH THE MAXIMUM SHADE 
TEMPERATURE EQUALLED OR EXCEEDED: 


32.5 deg. 35 deg. 37.5 deg. 40 deg. 


London. ix urbes ren A edes site al ss 3 1 0 0 
Майа ісмаза ieu ex as 1 0 0 0 
L8E08.: лалы Есеке Uber wes 4 0 0 0 
Cape Тозп.......................... 3 3 1 0 
Durban (Ма4а!)....................... 3 1 0 0 
Саша орал beber 9 4 2 0 
Вот Бау vosque wa RW CP EIUS 9 0 0 о - 
Майгтаз.............................. 8 8 6 3 
Colombo (Сеуіоп).................... 4 0 0 0 
НопиКопЕл l3 voe Oe a Coo 3 0 0 0 
ӨМТПЄУ сэл c sete ut aate aed 3 2 2 0 
Melboürne;... 22 99e b 3a eek wx 4 3 3 2 
Аае1аїде............................. 6 6 5 2 
Рега Cae ES 4 4 3 2 
Соо1!вагй!е........................... 6 6 6 5 
Hobart (Tasmania)................... 2 2 1 0 
Jamaica (Kingston) ................... 9 3 0 0 
ТОГТОН 0-2. lis DUM aa eo Ы Ым 1 0 0 0 
Ётейепс%оп.......................... 1 1 0 0 
БіотіолЕеіп.......................... 5 2 0 0 


on the basis that it is to be a value that shall never be even 
slightly exceeded. Тһе reference value adopted must rest upon 
an assumption and it is important that the assumption shall be 
conservative. In the rules of the Verband Deutscher Elektro- 
techniker the ambient temperature of reference is 35 deg. Тһе 
precise statement in this respect as set forth in the V. D. E. rules 
is as follows: 

"It is assumed that the temperature of the surrounding air 
wil not exceed 35 deg." 

In the British, American and Italian rules, it is assumed that 
the temperature of the surrounding air will not exceed 40 degs. 
It is probable that in the neighborhood of electrical machinery, 
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1. е., at a distance of 1 to 2 meters from the machine, as set forth 
in Section 314 of the American rules), the temperature of the air 
at some time during the year exceeds 35 deg. in the majority of 
cases and there is often a considerable probability that the 
ambient temperature near electrical machinery will occasionally 
rise a few degrees above 40 deg. But by the adoption of 40 deg. 
as the ambient temperature of reference there will for almost all 
installations of electrical machinery in the temperate zone 
probably be a margin of a few degrees during 99 per cent of the 
year. For such an indefinite state of affairs, it is reasonable to 
adopt a value which offers some probability that there will be 
such a margin. It is not possible to predict the maximum 
ambient temperature in the neighborhood of an electrical 
“machine within several degrees even when the machine is not 
running, and the value to which the ambient temperature is 
likely to attain when the machine is in operation is still more 
indefinite. The records of the official shade temperature for any - 
given locality are of little or no service. Indeed the tempera- 
tures maintained within buildings are apt to be fully as high in 
cold climates as in warm climates. In view of the indefiniteness 
inherent to the subject, and of the importance of taking a 
conservative value, it would appear that the reference value of 
40 deg. for the ambient temperature in regions in temperate 
climates is certainly not too high and reasonably might be 
criticized as too low. From whatever way the matter is ap- 
proached there is obviously a 5-degree-greater factor of safety, 
(in other words, a more conservatively rated machine), when 
the rating is based on an ambient temperature of reference of 
40 deg., as in the British, Italian and American rules, than by 
basing it on 35 deg. 

A distinct commercial value attaches to the provision of means 
for maintaining at a reasonably low temperature the premises in 
which electrical machinery is operated. If a temperature of 30 
deg. on these premises is never exceeded at any time during the 
year, then the maximum temperature ever occasioned in the 
electrical machinery when operating at its rated load is 10 deg. 
below the approved limits and the margin of safety is very much 
greater. 


THE AMBIENT TEMPERATURE DURING ACCEPTANCE TESTS 


In determining the ambient temperature on the occasion of 
acceptance tests in the case of rotating machines cooled by 
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forced draft, it is provided in Section 311 of the American rules 
that "a conventional weighted mean should be employed, a 
weight of four being given to the temperature of the circulating 
air supplied through ducts and а weight of one to the surround- 
ing room air." "Thus, for example, if, on the occasion of an ac- 
ceptance test, the circulating air is taken from outside the build- 
ing and has a temperature of 14.0 deg. at the intake of the 
machine, while the temperature of the air іп the room is 24.0 deg., 
the ambient temperature, from which the temperature rise is 
determined, should be taken as: 


4 X 14.0 + 1х 24.0 


5 — 16.0 deg. 


If the temperature of the machine at the end of the heat run is | 
70 deg., then we have: ү 


Temperature rise 1”) accordance with the American rules 
= 70 — 16 = 54 deg. 

Temperature rise above room temperature 
= 70 — 24 = 46 deg. 

Temperature rise above inlet temperature 
= 70 — 14 = 56 deg. 

While, strictly speaking, the weights given for the two air 
temperatures should depend upon the characteristics of the 
particular machine under test,.the correction 1$ of such moderate 
amount that it has been desirable іп the interests of simplicity 
and definiteness to standardize the weighting of the two tem- 
peratures. 

It is further to be noted (from Sections 314 and 315) that the 
room temperature is to be taken as the mean of ''several ther- 
mometers placed at different points around and half way up the 
machine, at a distance of one to two meters," and that the value 
to be employed shall be the mean of the readings of these ther- 
mometers taken at equal intervals of time during the last quarter 
of the duration of the test. 

The temperature of a large machine will not at all promptly 
follow the changes which are always taking place in the tempera- 
ture of the premises where a heat run is being made. Conse- 
quently, if no appropriate provision be made, a greater tempera- 
ture rise will usually be recorded if the heat run concludes 
shortly after midnight, when the air temperature in a large 
factory building is usually falling, than if the heat run is con- 
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cluded in the middle of the forenoon, when the air temperature 
of such a building is usually rising. Errors from this source are 
decreased by complying with the requirement in Section 316 that 
"the thermometer for determining the ambient temperature shall 
be immersed in a suitable liquid, such as oil, in a suitable heavy 
metal cup." With a falling room temperature, a mercury ther- 
mometer exposed to the room air might read at least a couple of 
degrees lower than an identical thermometer with its bulb 
immersed 1n oil in one of these metal cups. 

To those who have not had extensive experience in testing 
large generators, these various precautions may seem trivial. 
As a matter of fact they ensure immunity from errors which may 
easily amount to several degrees difference in the result obtained 
for the temperature rise. 

- The British, Italian and American rules аге now in agreement 

in providing that for rotating machinery no correction is to be 
made in the temperature rise on account of the particular value 
of the ambient temperature on the, occasion of the test. Тһе 
British and American rules simply suggest, (Section 320 of the 
American rules), that ''tests should be conducted at ambient 
temperatures not lower than 15 deg." Тһе corresponding Italian 
rule is as follows: | 

"For ambient temperatures lower than 40 deg. during the tests, no 
correction shall be applied to the results of the measurements so long as 


the temperature does not fall below 10 deg.; however it is not convenient 
that tests should be carried out at temperatures below 10 deg." 


This plan of omitting any corrections is a decided improve- 
ment over the old plan of applying to the observed temperature 
rise, a correction which was a function of the ambient tempera- 
ture at the time of the test. Careful tests have shown that the 
temperature rise of the average machine is not very dependent 
upon the temperature at the time of the test and that the relia- 
bility of the result cannot be increased by means of any simple 
corrections. Elaborate tests have been made with the object 
of clearing up this matter by making heat runs in a room main- 
tained successively at low and high temperatures. Тһе rise with 
low room temperatures averaged as great as the rise with high 
room temperatures, the inverse change in core and copper loss 
with change in temperature combined with the very rapid 
increase in radiation at high temperatures tending to render the 
result independent of the room temperature. 

Another progressive ruling which is identical in the British 
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and American rules is that relating to the duration of heat runs. 
It is to the effect that: 

“Тһе temperature test shall be continued until sufficient evidence is 
available to show that the maximum temperature and temperature rise 
would not exceed the requirements of the rules, if the test were prolonged 
until a steady final temperature were reached.” 

For conditions where the temperature of a part cannot be 
obtained until the machine is shut down, (for example, the 
resistance of the stator windings of a polyphase generator), the 
rules make the following provision: 

“Whenever a sufficient time has elapsed between the instant of shut- 
down and the time of the final temperature measurement, to permit the 
temperature to fall, suitable corrections shall be applied, so as to obtain 
as nearly as practicable the temperature at the instant of shut-down. 
This can sometimes be approximately effected by plotting a curve, with 
temperature readings as ordinates and time as abscissas, and extrapolating 
back to the instant of shut-down. In other instances, acceptable correc- 
tion factors can be applied." 

As to these acceptable correction factors, it may be said that 
from the many test results available on the records of manu- 
facturers, it will be known generally that, for a particular type 
of machine, the cooling of the hottest-spot will be approximately 
at some particular rate per minute for the average of the first 
three or four minutes after shut-down. At the time of the ac- 
ceptance tests, both parties to the transaction usually will readily 
arrive at a satisfactory agreement that for any particular 
- machine under test a certain number of degrees shall be added 
to the. temperature determined by resistance measurements 
made within a given number of minutes of shut-down. It rarely 
would be worth while to encumber the specifications and guaran- 
tees with a clause setting forth the amount of this correction, 
but it is simple enough to do so when it is considered that it is of 
sufficient consequence to have the amount definite y stipulated. 


EMBEDDED TEMPERATURE DETECTORS 


The American rules (Section 355) require that for the purposes 
of acceptance tests, the temperatures of the stators of large 
‘generators shall be determined by means of embedded tempera- 
ture detectors, several of which shall be employed. These are to 
be so located as to disclose as nearly as possible the temperature 
of the hottest spot existing anywhere in the machine. These 
embedded temperature detectors consist of thermo-couples or 
resistance coils. An extensively employed design of embedded 
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. temperature detector of the resistance type, has a length of about 
10 in. (25.4 cm.), and, at a temperature of 25 deg., its resistance 
is just 10 ohms. In Fig. 1 are shown sections through slots for 
two types of slot windings usually respectively designated two- 
layer and single-layer windings. Itis required in Sections 353 and 
354 of the American rules that “а liberal number" of temperature 
detectors shall be placed in the locations designated in Fig. 1 as 
A and B, for two-layer windings, and B and C for one-layer 
windings. 
THE НоттЕвт-брот TEMPERATURE 

The rules stipulate that for machines with two-layer windings, 
the hottest-spot temperature shall be considered to be 5 deg. 
greater than the highest reading obtained by any of the em- 
bedded temperature detectors; and that 1n single-layer windings 
the hottest spot temperature shall be that obtained by adding 
to the highest reading 10 deg., plus 1 deg. per 1000 volts above 
5000 volts of terminal pressure. 

These corrections are brought together in the following table: 


For two-layer windings. Add 5 degrees to the highest reading. 


For single-layer windings for 5000| Ааа 10 degrees to the highest reading. 
volts or less. 


For single-layer windings for more| Add to the highest reading 10 deg., plus 1 deg. 
than 5000 volts. for every kilovolt by which the voltage between 
the terminals of the machine exceeds 5 kv. 


Thus for a three-phase machine with an 11,000-volt single-layer winding, the correction 
to be added to the maximum observable temperature in estimating the hottest-spot tem- 
perature, is 16 deg. 


Usually the hottest-spot results derived from the indications 
of the embedded temperature detectors are the most satisfactory. 
It is, however, quite possible that the temperature rise derived 
from measurements of the resistance of the stator windings at 
the conclusion of the heat runs sometimes may be greater than 
the temperature rise determined from the embedded detectors. 
Consequently it is provided in Section 352 of the American rules 
that when the embedded-detector method 1$ used, the results 
shall, when required, be checked by the results obtained from 
measurements of the resistance of the stator windings, and 
"the hottest-spot shall then be taken to be the highest value by 
either method, the required correction factors being applied in 
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each case." Ву correction factor is meant the number of degrees 
which shall be added to the observed temperature to obtain the 
hottest-spot temperature. For the resistance method the correc- 
tion factor is 10 deg. 

As regards the so-called correction factors? established іп 
the American rules, it would appear that the hottest-spot tem- 
perature determined by adding to the observable temperature 
the stipulated correction factor shall constitute the criterion and 
that a machine could not be rejected on the ground that other 
evidence demonstrated that a still-greater temperature existed 
at some point of the winding. For example, for purely research 
purposes it would be practicable to locate temperature detectors 


ЕЕ 
МЕНЯ 
TWO LAYER SINGLE LAYER 
WINDING WINDING 
Fic. 1 


actually against the copper of a high-pressure winding. In some 
special cases such temperature detectors might disclose tempera- 
tures exceeding those obtained by adding the conventional 
correction factors to the observable temperatures. Since the 
conventional correction factors have been established with 
every intention that they shall be liberal and since definiteness in 
contracts 18 essential, the hottest-spot temperatures obtained by 
complying with the methods approved in the American rules 
should be taken as final, irrespective of evidence of the existence 
of higher temperatures. It is believed that 1t would be only in 
exceedingly rare instances that higher temperatures could be 


9. These аге not factors. Some better designation should be substituted. 
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found and that they would exceed the conventional hottest-spot 
temperatures by immaterial amounts. However, in so far as the 
rules on this point may be obscure in the least, it would seem 
to be very important to make their intention unmistakably 
evident. 

The use of embedded temperature detectors has been demon- 
strated to be of great advantage. When only required for the 
acceptance tests the leads from the detectors may, at the con- 
clusion of the tests, be cut off, and the detectors abandoned. 
But it is of decided advantage, in the service operation of large 
generators, to be able, at any time, to ascertain the internal 
temperatures from the direct readings of switchboard instru- 
ments. This practise is now very customary. 

It has been mentioned that the hottest-spot temperatures 
indicated by embedded detectors may in rare instances be less 
than the hottest-spot temperatures indicated by measurements 
of the resistance of the stator winding of a generator. Moreover 
since the resistance measurements of a winding only disclose 
average temperatures, occasions will arise where a suitably- 
located surface thermometer may indicate a temperature in 
` excess of that indicated by the resistance measurements. А 
liberal number of surface thermometers ought, therefore, also to 
be employed when making heat runs. The author of the present 
paper is of the opinion that one of the chief advantages of em- 
bedded temperature detectors of the resistance type relates to 
the ability to employ a resistance of a magnitude which can be 
measured readily with accuracy, and to the reliability with which 
its resistance at any time can be taken to indicate a definite 
temperature. The temperature rise obtained from the increase 
in the resistance of an armature or field winding would be of 
distinctly greater value were it practicable to know accurately 
the temperature of the winding on the occasion of the measure- 
ment of the cold resistance. It is rarely parcticable to incur the 
delay before commencing a heat run, which would be necessary 
to ensure that an armature or field winding is within a couple of 
degrees of the surrounding temperature. Often when it is 
assumed that the winding’s temperature 1s substantially identical 
with that of the surrounding air, there is actually a difference of 
over five degrees and consequently the measured cold resistance 
is associated with a temperature over five degrees different from 
its actual temperature and a corresponding error is incurred in 
deducing from its hot resistance the temperature of the winding 
at the end of the heat run. 
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Some such plan as that set forth in the following clause, if the 
conditions of practise should permit of its adoption, would pro- 
vide a way out of the difficulty and much increase the value of 
temperature determinations by measurements of the resistance 
of the main windings: 


"In order to avoid protracted delays in the testing of a machine, in 
bringing the temperature of its windings into accord with the ambient 
temperatures, the resistance of the windings of a machine, reduced to 
40 deg., should be made a matter of factory record for all machines subject 
to temperature measurement by resistance under these rules.” 


In general, the author's opinion in this matter is that the 
methods of obtaining temperatures by surface thermometers 
and by measurements of the resistances of the main windings 
should not be discarded in favor of the newer method by em- 
bedded temperature detectors, but should continue to be em- 
ployed in addition thereto. Indeed the careful tests made on 
a large machine, which are described later, showed, as may be 
seen from the last Table in the paper proper, that in two out of 
the three heat runs, the temperature rise of the hottest spot as 
deduced from measurements of the resistance of the stator 
windings was greater than the temperature rise of the hottest 
spot deduced from the readings of temperature detectors, and 
that 1n the third heat run the temperature rise of the hottest spot 
was the same by both methods. Furthermore the readings of 
mercury thermometers placed against appropriate parts of the 
surface of the rotor winding disclosed higher temperatures 
than were obtained by means of measurements of the resistance 
of the rotor winding. Тһе results іп these tests were especially 
reliable since the cold resistances were measured with the greatest 
care after the machine had been standing idle for two days, so 
that its windings at the time of measuring their resistances before 
beginning the heat run, should be at the same temperature as 
the surrounding air. 

А recommendation to take ае of all three methods, that 
is to say, Method I, surface thermometers, Method II, main- 
winding resistance measurements, and Method III, embedded 
detectors, might at first sight be condemned as impracticable 
on all except large, valuable machines, on the ground that the 
expense of making such thorough tests would be prohibitive. 
Were it necessary to make these measurements on each and every 
machine, such a criticism would be well founded. But the 
author of this paper holds the opinion which, in another publi- 
cation, he has expressed as follows: 
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“Although the rules contain no explicit statement to that effect, it may 
doubtless be understood that it is not intended that a test by the pre- 
scribed method need necessarily be made upon every individual machine 
comprised in a transaction. The simplest method, as above explained, is 
usually Method I, and in the interest of avoiding needless expense, it 
should often be practicable to arrange for a judicious employment of 
Method I for most of the machines of a given size, employing Method II 
or III, as the case may be, on a few of the machines, and thereby arriving 
at a factor by which the results obtained by Method I require to be 
multiplied in order to arrive at the results which would have been obtained 
on those particular machines had Methods II and III been employed. 
In other words, it should not be concluded that the less simple measure- 
ments will necessarily be made on every machine, but sather that con- 
clusive evidence shall be provided to insure that had the measurements 
been made, the temperature would have been within the required limits." 


Further Consideration of the Hottest-Spot Temperature. Тһе 
American rules lay emphasis on the hottest-spot temperature. 
Limiting approved values for the hottest-spot temperatures are 
set forth. The limiting values depend chiefly upon the class of 
insulating material employed. Insulating materials are divided 
into three classes, A, B, and C. These classes are defined as 
follows in the American and British rules: 


Class of insulation Description of insulating material 


oe 


Cotton, silk, paper and similar materials 

when so treated or impregnated as to increase 

A the thermal limit, or material permanently 
immersed in oil; also enamelled wire* 


Mica, asbestos and other materials capable 
of resisting high temperatures, in which any 
B Class A material or binder is used for struc- 
tural purposes only, and may be destroyed 
without impairingt the insulating or mechani- 
cal qualities of the insulation. 


Fireproof and refractory materials, such as 
C pure mica, porcelain, quartz, etc. 


*For cotton, silk, paper and similar material, when not treated, impregnated or immersed 
in oil, the highest temperatures shall be 10 deg. lower than the limits given above for Class A. 

{The word impair is here used in the sense of causing any change which would disqualify 
the insulation for continuous service. 


No limit 1s placed upon the temperature of Class C insulation. 
The permissible temperatures and temperature rises of electrical 
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machinery at present are based chiefly upon the characteristics 
of Class A and Class B insulations. The British and American 
rules agree in adopting 105 deg. and 125 deg. for the limiting 
hottest-spot temperatures for these two classes of insulations. 
The author believes that it may be of some interest for him to 
state that he shares with many other engineers, the opinion, 
based on extensive tests, that 105 deg. for Class А insulations and 
150 deg. for Class B insulations are both thoroughly conservative 
limits, when all the designing and manufacturing processes are 
carried out with due regard for numerous important details. 
But, failing the availability and application of skill and experi- 
ence, even much lower temperature limits for Class А and Class 
B insulations will not ensure a satisfactory product. It is dif- 
ficult to see how any Standardization rules can afford the neces- 
sary assurance in this respect. Тһе successful withstanding of 
acceptance tests does not necessarily constitute evidence that the 
insulations will endure the stipulated temperatures (and other 
deteriorating influences which vary from instance to instance), 
for a satisfactory term of years. Fortunately the manufacturer's 
interest in the success and reputation of his product usually 
affords the required assurance. Indeed there is usually a strong 
tendency on the part of the manufacturer to refrain from taking 
advantage of temperature limits of established practicability 
until years of study by tests on samples and on experimental 
machines have established beyond а] reasonable doubt the 
appropriateness of the higher limits. It is, however, important 
to the industry to take advantage of higher limiting tempera- 
tures as soon as a reasonable amount of experience is gained, since 
this permits of reduced capital costs for machinery and rarely 
affects prejudicially the working costs except where the action is 
premature. The adoption of new limits by bodies of the standing 
of the British and American Standards Committees is ample 
proof that the evidence in the case has been carefully sifted and 
that the time is ripe for the modification. While the temperature 
limits for ‘Class А and Class B insulations can both be safely 
exceeded for short periods, it is in the interests of reserving rea- 
sonable factors of safety to establish them (as 1s expressly em- 
phasized in the British and American rules) as limits which shall 
never be exceeded. In the British and American rules the limit 
at present standardized for Class B insulations is 125 deg. but 
there is a well-developed opinion in America that since there is 
now a great deal of experience on which to base the action, 
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the limit for Class B insulations could with advantage be raised 
to 150 deg. 
INTENSIFIED AGING OF INSULATIONS 


Reference has been made to the impossibility of framing rules 
to ensure that the insulations employed have satisfactory longev- 
ity. Naturally, however, the aging of insulating materials is 
a matter of great importance to the manufacturer. The author 
has been much interested in some elaborate series of tests of this 
character. The point of most importance to decide is that of 
the temperature which can be withstood for 10 to 20 years by 
an insulating material. It might be supposed that sub- 
jection to super-temperatures for brief periods would permit of 
forming an opinion regarding the life corresponding to lower 
temperatures. To a certain extent brief tests for short periods 
at super-temperatures are useful but conclusions drawn there- 
from must, at the present state of affairs, be regarded as only of 
the nature of very rough evidence. For some Class A insulations, 
values of the order shown in the following table are indicated: 


Temperatures which can be withstood successfully, not only electrically but physically 
by approved Class A insulations: 


For seconds 250 degrees 
“ minutes 200 5 
“ hours 170 “ 
“ days . 150 5 
“ weeks 130 7 
“ months 115 ч 


к 
e 
Ол 


years 


А very slight modification іп the composition or construction 
of the insulation, however, might completely disqualify it for 
withstanding any considerable supertemperatures, even for 
brief periods. Tests on various approved Class B insulations 
lead to values which, while quantitatively higher by a matter of 
some 50 deg., are qualitatively very similar. 

Reasonable factors of safety must, however, be reserved. 
This is realized by the British, American and German Standards 
Committees and no recognition whatsoever is extended to the 
ability of insulations to successfully withstand super-tempera- 
tures for brief periods. Thus in the American rules we have 
Section 305 A, to the following effect: 


Section 305 A. Whatever may be the ambient temperature when the 
machine is in service, the limits of the maximum observable temperature 
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and of temperature rise specified in the rules should not be exceeded in 
service; for, if the maximum temperature be exceeded, the insulation may 
be endangered, and if the rise be exceeded, the excess load may lead to 
injury, by ехсеедїпр limits other than those of temperature; such as com- 
mutation, stalling load and mechanical strength. For similar reasons, 
load in excess of the rating should not be taken from a machine. 

. It is thus clear that in the interest of securing a liberal margin 
of safety we must forego rigorously the temptation to expose the 
insulation of machinery, even for brief periods, to temperatures 
in excess of the limits approved in the American rules. 

This practise is in striking contrast to that underlying ihe 
older Standardization rules which authofized higher tempera- 
tures for short periods. Probably the credit for the modern 
departure belongs to the German Standards Committee, which, 
for some years, has employed the plan of permitting overloads 
with the same temperature limits as for the rated load. The 
following clauses are from the German standardization rules: 


Overloading. With the limitation that the overloads only are carried for so short a 
time, or only occur under such temperature conditions of the machines and transformers 
that the highest permissible temperatures are not thereby exceeded, machines and trans- 
formers must be capable of carrying the following overloads: 


Generators 

Motors 

Synch. conv. and motor-generators 25 per cent during one-half hour 
Transformers 


болын нала ж ала а а аа а аа аана а а ааа тээн 


Motors 
Synch. conv. and motor-generators 40 per cent for 3 minutes 
Transformers | 


Section 305 A of the American rules, however, contains the 
restriction that "loads in excess of the rating should not be taken 
from the machine," lest limits other than those of temperature, 
such as commutation, stalling load and mechanical strength 
should be exceeded. 

Nevertheless the American rules provide for the case where а 
machine 15 required to carry very heavy loads for brief periods. 
Such a case is met by giving a machine more than one rating. 
Thus amongst the machinery recently supplied to the Chicago, 
Milwaukee and St. Paul Railway are some couple of dozen 
2000-kw. motor-generator sets for use in substations. These sets 
have the following three ratings: 

Continuous тайпр................... 2000 kilowatts 
Two-hour rating....... ЕРА 3000 5 
Five-minute ТӘНДЕ pP ped eee 6000 i: 
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The mechanical strength and the commutating requirements 
for the five-minute rating are far in excess of those for the con- 
tinuous rating. But the temperature attained with the con- 
tinuous rating exceeds that attained with the five-minute rating. 

This plan may be employed whenever it 15 necessary to provide 
for peaks of load, as in the case, for instance, of crane motors. 
Knowing the typical duty cycle, we may prescribe a short-time 
rating sufficient to ensure that the motor shall have ample 
mechanical strength as well as sufficient margin in the matter of 
commutation, and that it shall not stall with the greatest load 
which it ever will be ealled upon to carry. Knowing also the 
average load, we may prescribe a continuous rating which will 
ensure that approved temperatures shall never be exceeded. 
Two ratings should suffice, a continuous rating to ensure 
the non-exceeding of approved temperatures and a short-time 
rating to ensure the required capacity for the intermittently 
occurring peaks of load, as regards commutation, stalling load 
and mechanical strength. 

On the whole, while as already stated, we owe the conception 
of modern ratings to the German Standards Committee, the 
way in which the American Committee has fitted the conception 
to the requirements of practise, would appear to be distinctly 
excellent. 

Low-TEMPERATURE CIRCULATING AIR 


For small machines built in large quantities for stock, the 
ultimate destination is unknown. In normal times a motor 
driving a printing press in Bombay or Pekin or Moscow is about 
equally likely to have been built in Berlin or Manchester or 
Milan or Schenectady. Even if the ultimate destination may be 
ascertained it is not practicable to countenance departures from 
the strict letter of the Standardization Rules in the case of small 
machinery. 

But for large machines worth many thousands of dollars 
apiece and operated under skilled supervision, it would be waste- 
ful to forego any economic advantage compatible with sound 
engineering practise. As a concrete case let us assume that a 
large operating company is purchasing a 20,000-kv-a. generator 
which will be cooled by circulating through it every minute 
50,000 cu. ft. (1420 cu. m.) of air taken from outside the 
building. In the summer, on days when the humidity is high, 
the circulating air’s temperature, even after passing through the 
air washer, may sometimes be nearly 40 deg. But the nature 
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of the load may be such that the station's peak in summer is 
half of its mid-winter peak, or even much less. It may be prac- 
ticable to rely on 15-deg. circulating air for the mid-winter peak. 
For the limiting temperature for Class A insulation, (105 deg.), 
this represents 90 deg. “ hottest spot” rise as against 65 deg. 
“ hottest spot" rise in the summer. Ву temperature coils in 

location А of Fig. 1, the observable rises are: 

Summer—(105—5—40) = 60 deg. 
Winter— (105—5—15) = 85 deg. 
Consequently, if the machine has ample margin as regards 
mechanical strength and if the prime mover is adequate, advan- 
tage ought to be taken of its in- 
creased capacity in winter which 
would be of the order of 25 or 30 
per cent. 

Three such 20,000-kv-a. ma- 
chines, operated on the basis of 
"M loading them up to their capacity 
he озлеп as indicated by embedded tem- 
perature detectors, would do the 
| Pane work of four machines operated 


TEMPERATURE IN DEGREES 


Temperature in strict accordance with Section 
305 A of the American rules, and 
the saving in the capital com- 
ponent of the total cost of man- 
ufacturing electricity would be 
quite appreciable. 

Such a case would be met by some such clause as follows: 


"Contractors will be required to guarantee that the machine shall be 
in all respects in strict accordance with the 1916 edition of the American 
rules with the following exception: 

Exception. 'The machine shall have ample mechanical strength and 
shall be in all other respects adequate to carry the increased load which 
with a'circulating-air temperature of 15 deg., may be carried without 
occasioning hottest-spot temperatures in excess of those set forth in the 
American rules as approved for the class of insulation employed. For 
the acceptance tests, the embedded-temperature-detector method sup- 
plemented by measurements of the resistances of the main windings 
and by surface thermometer measurements, shall be employed for de- 
termining the temperature attained. | 


MARGIN OF SAFETY 
Adherence to the recommendations in the British and Ameri- 
can Standardization Rules ensure very liberal margins of safety. 
This is apparent from Fig. 2 in which the shaded areas indicate 
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respectively for machines with Class A insulation, the tempera- 
ture ranges above the permitted hottest-spot temperature of 105 
deg. which technically are available but which are not allowed, and 
the temperatures below the reference ambient temperature which 
are liable to exist in most locations during nearly all seasons of 
the year. The unshaded area represents the temperature range, 
utilization of which is approved in the American rules. There 
is no disposition to suggest encroachment upon these liberal 
margins of safety; they are simply in accordance with the best 
and most valued traditions of the engineering profession. 


EQUIVALENT TESTS 


We now arrive at a matter with which the Standardization 
Rules do not yet deal, at any rate with any approach to thor- 
oughness. The deficiency relates to indicating the nature of the 
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tests which shall be regarded as satisfactory criteria for deter- 
mining the temperature rise. Several methods are in vogue, but 
for testing a single large machine, no method іп common use is 
thoroughly satisfactory. Doubtless the matter will be given 
very careful consideration by the Standards Committees before 
rules are adopted. | 

The author has already mentioned some large waterwheel 
generators which he recently tested. These were 500-rev. per 
min., 50-cycle three-phase generators with a ratio of 8750-kv-a. 
These machines were of the design indicated in Fig. 3. Advantage 
was taken of the opportunity to employ for the heat test a 
method which may be termed a cyclic heat гип.* It appears to 

"'lhis cyclic method of testing electrical machines was first described in 
an article by Hobart and Punga in the Electrical World for April 22, 1905. 


See also an article by the author in the General Electric Review for 
November 1911, entitled “А Method for Testing the Heating of Large 
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be especially well adapted to a machine of the kind tested. 
The test consisted in operating the machine for alternate 15- 
minute periods on open circuit with super-normal pressure and 
on short circuit with super-normal current. "The degree of the 
super-normality was so selected as to occasion in each complete 
. half-hour cycle, as nearly as practicable, the conversion into 
heat of the same amount of energy in each part of the machine 
as would be occasioned in each part were the machine to deliver 
the actual load which it was the object of the test to investigate. 
The normal pressure of the machine was 6600 volts between 
terminals. (3800 volts per phase) and heat tests were required 
at each of the three different loads set forth as follows: 


Designation Kilovolt Power Current Terminal 
of heat run amperes factor per phase pressure 
I 7,000 1.00 614 amperes 6600 volts 

II 8,750 0.80 766 5 s i 

III 10,937 0.80 960 " 5 А 


For each of the three heat runs it was desired to provide 
heating conditions equivalent to the loads just set forth. "This 
was accomplished by cyclic tests with the following conditions: 


Designation of heat run I II III 


For the short circuit periods 


Rotor excitation (атрегеѕ)................. 119 148 185 


75-deg. rotor I? R loss (Емл.)................. 5.10 ` 7.9 12.4 
Stator current (атрегев)................... 854 1070 1344 
75-deg. stator I? К loss (kw.)................ 24.0 37.8 60.0 


Stray load loss (Ұм.)....................... 18.0 25.5 42.3 
For the open circuit periods 


Rotor excitation (атрегеѕ)................. | 327 327 324 


75-deg. rotor I? К loss (Км.)................. 38.5 38.5 38.0 
Terminal pressure (volts)................... 8420 8420 8350 
Core loss (км.)............................ 270 270 260 


Before these values were determined upon, curves of no-load 
excitation, short-circuit excitation, core loss and stray load-loss 
Alternators.” On February 28, 1913 this and other ''Methods of Testing 
Apparatus for Performance” were discussed at the Midwinter Convention 


of the A. I. E. E. For this discussion see pp. 714 to 721 of Vol. XXXII of 
Trans. А. I. E. E. 


312 HOBART: TESTS AND SPECIFICATIONS (бері. 22 


. had already been taken. These are reproduced in Figs. 4, 5 and 7. 
The resistances of the windings had also been measured and 
reduced to.the 75-deg. reference values. | Тһе resistances were: 

Stator winding per рһаве................... 0.0110 ohm 
Rotor мілйіпр............................ 0.360 ohm 


3 
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The value of the internal windage was estimated to be 30.0 kw. 
The extent of the equivalence to the actual losses for the three 
loads is seen from the data in the following table: 


TSection 432 of the American rules is to the effect that “the efficiency, 
at all loads, of all apparatus, shall be corrected to a reference temperature 
of 75 degrees." 
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Losses 

Losses during the: corres- 
Average |ponding to 
losses actual load 

during of 7000 


Š Open-cir- | Short-cir- cyclic kv-a. at 
cuit half | cuit half test at P.F. = 
E of the cyclelof the cycle 1.00 
e 
“-Е-------------------------ІГ------БҚ---С--Б 
< 
Stator FU тэтгэн 0 24.0 12.0 12.5 
ROOF P К toes Rods Seeks bus 38.5 5.1 21.8 17.8 
Core lose. а ove Ser eade ТЕ 270.0 0 135.0 119.0 
Stray load 1055................... 0 18.0 9.0 11.5 
Internal windage................. 30.0 30.0 30.0 30.0 
Total loss = 207.8 kw. |190.8 kw 
Losses during the: Losses 
corres- 
Average |ponding to 
losses  |actual load 
Open-cir- | Short-cir- during of 8750 
ЭР cuit half | cuit half cyclic kv-a. at 
Ту of the cyclelof the cycle test P.F. = 
5 0.80 
w e ыы шш э: 
= ° 
MEIST 0 37.8 18.9 19.4 
HM Rotor I? ем 38.5 7.9 23.2 27.9 
Cote l088 c. on Dee RE XE ERES 270.0 0 135.0 119.5 
Stray load 1055................... 0 25.5 12.8 15.3 
Internal жіпдаве................. 30.0 “30.0 30.0 30.0 
Totalloss = 219.9 kw. |212.1 kw. 
Losses 
Losses during the: corres- 
Average |ponding to 
losses factual load 
Open-cir- | Short-cir- during of 10937 
- cuit half | cuit half cyclic kv-a. at 
к of the сус!е|о the cycle test Р.Е. = 
7. 0.80 
P 
м 
G [Stator 1Ё...................... 0 60.0 30.0 30.5 
M [Rotor I R................... ees. 38.0 12.4 25.2 32.6 
"S Cote 1058: so cost а та ады 2 60.0 0 130.0 120.0 
Stray load loss................... 0 42.3 21.2 21.5 
Internal windage................. 30.0 30.0 30.0 30.0 
Totalloss — 236.4 kw. |234.6 kw. 


The temperatures of the circulating air were determined at the 
inlet and outlet from the mean of the readings of several ther- 


814 HOBART: TESTS AND SPECIFICATIONS “бері. 22 


mometers. The results and the "Loss per Degree Air Rise," are 
given as follows: 


Designation of Total loss in | Air rise in Loss per degree 
heat run machine machine air rise 
I 208 kw. 12.4 deg. 16.8 kw. 
II | 220 kw. 13.0 “ 16.9 kw. 
III 236 kw. 15.5 “ 15.3 kw. 
Average value for loss per degree air rise ^. 18. 3 kw. 


It can fairly be assumed for this particular design that the 
heat corresponding to 90 per cent of the loss in the machine is 
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carried off by the circulating air, the remaining 10 per cent being 
dissipated from the surfaces of the machine. 
Therefore we have, as carried away by the circulating air: 


16.3 X 0.90 = 14.7 kw. per degree rise. 


One kilowatt raises the temperature of 1000 cu. ft. (28.3 cu. m.) 
of air per minute by 1.78 deg., or: 

A temperature rise of 1 deg. will be occasioned by a loss of 1 
kilowatt for a circulation of 1780 cu. ft. (50.4 cu. m.) per min. 

Consequently we have: 


Quantity of circulating air = 14.7 X 1780 = 26,200 cu. ft. per 
min. (742 cu. m.). 
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In the following table are brought together for the three heat 
runs the results obtained by the embedded temperature detectors 
in the locations designated by A and B in Fig. 1, and also the 
results for the mean of А and B. 


Designation of heat run I II . III 
Total loss in machine 203 kw. 215 kw. 236 kw. 
Temperature ieee by Location-A. 33.0 deg. 36.0 deg. 41. 5 deg. 
embedded detectors Location-B. 20.3 “ 28.8 “ 29.3 “ 
Mean of А & B.| 29.7 “ 32.4 “ 35.4 “ 
Loss per degree of mean rise 6.84 kw. 6.64 kw. 6.70 kw. 


Average for the three heat runs for the 


: 6.73 kilowatts 
loss per deg. of mean rise 


It is to be noted that by mean rise by embedded detectors is 
meant the mean of the two maxima, the one being the maximum 
for location А and the other being the maximum for location B. 

The results for these three heat runs by the cyclic method 
deviate from the average result by less than 2 per cent in the case 
of the "Loss per Degree Mean Rise by Embedded Detectors” 
and by only 6 per cent in the case of the ''Loss per Degree Air 
Rise in Machine." "These values speak well for the accuracy of 
the cyclic test. 

These and the temperature rises obtained at other parts аге 
brought together in the following summary in which the results 
from which the highest ''hottest spot'' temperatures are 
deduced, are in heavy type. 


Designation of heat run I II III 
Kilovolt ашрегтез................... 7000 8750 10937 
Power Ғасфот....................... 1.00 0.80 0.80 
Terminal pressure (volts)............ 6600 6600 6600 
Current (атрегеѕ).................. 614 766 960 
Maximum observed rise by tempera- 

ture детесіотв.................... 33.0 36.0 41.5 
Observed by In location “A” 33.0 36.0 41.5 
temperature x Жэ В 26.3 28.8 29.3 

detectors Mean of A& B 29.7 32.4 35.4 
Maximum observed rise of rotor wind- 
winding ......................... 19.0 19.0 20.5 
Observed risestator winding byresistance 28.0 34.5 43.0 
Air rise in тасһіпе.................. 12.4 13.0 15.5 


Deduced hottest-spot temperature cor- 
responding to ambient temp. of refer- 
ее d 78.0 84.5 92.0 
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It is interesting to note that in heat runs II and III the hottest- 
spot temperature corresponds to the observations of the rise of 


HOURS FROM COMMENCEMENT OF RUN 


TEMPERATURE IN DEGREES 


Fic. 8— TEMPERATURE-TIME CURVES FOR Сүсілс HEAT Ком EQUIVALENT 
TO 7000 Kv-A. AT POWER FACTOR = 1.00 


the stator winding by resistance and not to the results obtained 
by the embedded detectors. This is for the reason that the 
Standardization Rules require 10 deg. to be added to the observed 


TEMPERATURE. IN DEGREES 


Fic. 9—TEMPERATURE-TIME CURVES FOR Сусс HEAT RUN EQUIVALENT 
TO 8750 ку-А. AT POWER FACTOR =0.80 


temperature as determined Бу the resistance method. and 
require 5 deg. to be added to the observed temperature as 
determined from the highest reading of any of the embedded 
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detectors. Such results may occur in machines so designed that 
no part of the stator winding is much hotter or cooler than the 
average temperature of the stator windings. 

In Figs. 8, 9 and 10 are given curves showing the progress of 
the heating during the cyclic tests. 

It should be understood that this paper has been chiefly con- 
fined to a discussion of those parts of the temperature sections 
of the Rules which deal with rotating machinery and that even 
in this small portion of the rules there are various matters of 
interest and importance which have not been considered. On 
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the subject of transformers there are further matters of import- 
ance in the temperature sections. Тһе sections on dielectric 
tests and those on efficiency and regulation present features of 
at least equal importance as regards both rotating machinery 
and transformers. 

The author entertains the hope that his paper soon may 
constitute one of several papers by others along these general 
lines and that by making this beginning he may have promoted 
in some measure the important undertaking of standardization of 
electrical machinery. 
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APPENDIX 


А CoMPARISON OF THE TEMPERATURE LIMITS IN THE BRITISH 
AND THE AMERICAN RULES FOR ELECTRICAL MACHINERY 


In the following collection of Tables the three methods of 
determining the temperature are designated I, II and III, follow- 
ing the arrangement in the American rules. Briefly these 
methods are defined in the American rules as follows: 


Designating Designating 


number of name of Description of method 
method method 
T UE Thermometer This method consists in the determination of the 
method temperature, by mercury or alcohol thermometers, by 
resistance thermometers, or by thermo-couples, any of 
à these instruments being applied to the hottest accessible 


part of the completed machine, as distinguished from 
the thermo-couples or resistance coils embedded in 
the machine as described under Method No. III. 


II Resistance This method consists in the measurement of the 
method temperature of windings by their increase in resistance, 
corrected to the instant of shut-down, when necessary. 
In the application of this method, thermometer meas- 
urements shall also be made whenever practicable 
without disassembling the machine, in order to increase 
the probability of revealing the highest observable 
temperature. Whichever measurement yields the 
higher temperature, that temperature shall be taken 
as the "highest observable” temperature. 


III Embedded This method consists in the use of thermo-couples or 
temperature resistance temperature detectors, located as nearly as 

detector possible at the estimated hottest spot. When Method 

method No. III is used, it shall, when required, be checked by 


Method No. II; the hottest spot shall then be taken 
to be the highest value by either method, the required 
correction factors being applied in each case. 


LIMITS ОЕ OBSERVABLE TEMPERATURE FOR CLASS А AND 
CLAss B MATERIALS WHEN МЕЕтнор III 15 USED 


When Method III is used, the limits set forth in the British 
and A. I. E. E. Rules are identical and are set forth below for 
machines of various voltages. 
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Permissible limits of temperature as measured by 
embedded temperature detectors 


Temperature detectors Temperature detectors 


Voltage of Machine located between top and located between coil-side 
bottom coil-sides in and core and between 
two-layer windings coil-side and wedge 

Class A Class B Class A Class B 
Not over 5000 volts........... 100 degrees | 120 degrees 95 degrees | 115 degrees 
Between 5000 & 6000 volts ..| 100 “ 120 ^" 94 “ 114 “ 
5 6000 & 7000 “ 100 “ 120 “ o3 “ 113 “ 
i 7000 & 8000 “ 100 “ 120 “ 92 “ 112 : 
4 8000 ё 9000 “ 100 “ 120 “ 91 ^" 111 -* 
M 9000 &10000  * 100 “ 120 “ 90 “ 110 ^" 
5 10000 & 11000 5 100 “ 120 “ || 89 “ 109 “ 


“ 11000 & 12000 “ | 100 “ 120 “ 88 “ 108 “ 


Мот: Method III, (Defined and discussed in sections 352 to 356 of 
the A. I. E. E. Rules) is, in the A. I. E. E. Rules mandatory for all stators 
. of machines (exclusive of induction regulators) with cores having a width 
of 50 cm. (20 inches) and over, and also for all machines of 5000 volts and 
over, if of over 500 kv-a., regardless of core width. Тһе method is not 
mandatory in the British Rules but section 63 of those rules states that: 
"When so specified with the inquiry, embedded temperature detectors 
shall be employed in the case of a machine of over 3000 kilowatts if wound 
for a rated pressure exceeding 3300 volts.” | 


Digitized by Google 


To be presented at the 330th meeting of the American 
Institute of Electrical Engineers, Chicago, Ill., 
March 9, 1917. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


- 


RELAYS FOR HIGH-TENSION LINES 


——— 


BY PHILIP TORCHIO 


ABSTRACT OF PAPER 


The author considers the following arrangements desirable: 

For radial feeders not іт parallel —inverse-time-limit overload 
relays, with selective ground relays. Кайта feeders in parallel— 
reverse-power relays in combination with reverse-time-element 
relays, ог the balanced system. Single lines in tandem—definite 
and inverse-time-limit relays. with progressively longer time 
settings near the generating station. Two or more parallel lines in 
tandem—inverse-time-limit relays at the points where the power 
leaves the station or substation, and overload relays in combina- 
tion with reverse-power relays at the points where the power 
enters the substation; also, the balanced system preferable, when 
possible. Single line ring systems—inverse-time-limit relays, 
combined with reverse-energy relays, or, preferably, the balanced 
system. Parallel line ring systems—inverse-time-limit relays 
on the outgoing feeders at the generating stations, and a balanced: 
interconnected combination of reverse-energy and inverse-time- 
himit relays at the receiving ends of the supply feeders. Tite 
lines—some balanced arrangement. Generator relays seldom 
used, but arrangements are suggested. Transformers—differen- 
por relays. Special grounding relays for extra high-tension cable 

eeders. 

Appendices А, В, C describe connections of reverse-power 

relays, relay testing anda special installation. 


I. INTRODUCTION 
URING the past two or three years important papers and 
discussions have been published describing the latest 
developments and operating results regarding relays for high- 
tension lines. 

"These developments have narrowed down to certain specific 
arrangements based on different fundamental principles and 
each requiring characteristical different types of relays. I 
shall not here describe the structural and operating details of 
all these types of relays. Full descriptions can be found in the 
references and other literature. I shall, however, attempt to 
review the most prominent systems of relay protection and their 
fields of application, pointing out for a few practical cases the 
combinations used to obtain the maximum degree of protection 


Manuscript of this paper was received February 8, 1917. 
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with minimum expenditure, especially for the conditions of 
existing lines. 
II. DEFINITIONS 
Certain terms and expressiohs have assumed, in practise, 
specific meanings. Those used in this paper are defined as follows: 


Radial feeders or independent feeders. Lines transmitting power from 
a generating station (or main source of supply) to a substation or a 
customer's installation. 

Radial feeders are operated (or not operated) in parallel at the substa- 
tions according to whether their high-tension terminals are metallically 
connected to the same high-tension bus bars or to independent high- 
tension bus bars (which may feed, through transformers, the same set of 
low-tension bus bars). 

Lines іп tandem—feeders from a generating station supplying two or 
more substations in series. 

Lines connected in ring, or closed feeder circuits—two or more substa- 
tions connected in series with the two outside substations, each connected 
by separate feeder or feeders to the generating station. 

Tie lines—connections between generating stations or between sub- 
stations not in the order of the ring. The latter are often called connectors. 


III. RELAY PROTECTION 


The object of relay protection is to disconnect any part or 
section of the system on which a fault occurs, but leave the rest 
of the system in operation without being further affected by the 
faulty section. 

It is to be noted that the function of the relay is not any jonges 
correlated to the idea of protection of apparatus against over- 
loads. Тһе relay is intended to operate only on breakdowns 
and not on overloads, though its setting is usually given in per 
cent overload of the rated capacity of the circuit. 


IV. RADIAL FEEDERS NOT IN PARALLEL 


For radial feeders not operated in parallel at the substation, 
overload relays of the inverse-time-limit type have generally 
and successfully been used in this country. Fig. 1 shows а one- 
line diagram together with the relay connections and relay 
characteristics that one of the large operating companies has 
used successfully. 

In addition, for over ten years several large companies have 
operated a system of selective-ground relays to indicate а ground 
on the affected feeder. * The long reliable experience which 
this system has given seems to warrant further applications in 


"TRANS. А. I. E. E., 1903, Vol. xxi, р. 417. 
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this country; extensive use has already been made abroad in the 
past five or six years. f These relays should be particularly 
valuable for high-tension service customers in conjunction with 
overload relays. 

Generally speaking, radial feeders not operated in parallel at 
the substation can be protected with overload and selective- 
ground relays and, on large systems, protect ve feeder reactors 
to obtain 100 per cent protection to the system. 


V. RADIAL FEEDERS IN PARALLEL 
Radial feeders operated in parallel at the substations present 
greater difficulty for their relay protection. Тһе best practise 
utilizes two different methods, namely: (a) the reverse-power 
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Radial feeders not paralleled— one-line diagram 


relay in combination with overload relays and (b) the bal- 
anced or Merz-Price system. The balanced system is one 
where the current, when flowing in the same direction 
and of the same relative magnitude, in parallel conductors 
or in different portions along the length of the same con- 
ductor, will not produce any force on the relay even under heavy 
short-circuit conditions. The relays are only operated when the 
currents are of different relative magnitude or direction at these 
points. 

(a) Reverse-power relays have, in isolated cases, given very satisfactory 
results. The recent developments in the induction-type reverse-energy 
relays have made it possible to use this form of protection more exten- 

tThe Journal of the Institution of Electrical Engineers (London) р. 
159, Jan. 15, 1915. 
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sively as these relays are made so that they will properly select down to 
j per cent voltage. 

In cases where a number of feeders are paralleled in the substation, a 
combination of balanced and reverse-energy relay connections, as shown 
in Fig. 2 gives very satisfactory results.* 

Appendix C outlines the plans of the New York Edison Company for 
two of its principal substations where this combination is used in connec- 
tion with selective-ground relays. 

(b) The balanced system of which the split conductor system is an il- 
lustration, has given such satisfactory results abroad that it has lately 
been introduced in this country by several large companies, like the 
Boston Edison Company and the Public Service Electric Company of 
New Jersey. It is especially suitable for new installations or where 
existing duplicate overhead lines can be coordinated to give a resultant 
split-conductor circuit. 
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Parallel feeders—one-line diagram 


VI. LiNES IN TANDEM 


For single lines in tandem, extensive use has been made of 
definite and inverse-time-limit relays, with progressively longer 
time settings on relays near the generating station. 

For two or more parallel lines in tandem, the inverse-time- 
limit relays at the points where the power leaves the station 
or substation, and overload relays in combination with reverse- 
power relays at the point where the power enters the substation, 
have given very satisfactory results. In Fig. 3 a one-line diagram 
is shown of a system that has been in operation for some time 
with excellent results. | 

*Journal of the Institution of Electrical Engineers (London) p. 159, 


Jan. 15, 1915. 
tProcEEpInGs of А. І. E. E., p. 1399, Sept. 1916, 
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In laying out a system of parallel feeders in tandem, it has ` 
been found very advantageous to make a careful analysis of the 
constants of the circuits and short-circuit conditions, to set the 
relays to give the best selective action. Аз an example, the 
equivalent 7800-volt constants of each circuit shown in Fig. 3 are: 

Generating station to substation No. I—Reactance 1.45 ohms, resistance 
0.53 ohms per leg. 

Substation No. I to No. II—Reactance 0.33 ohms, resistance 0.31 ohms 
per leg. 

Substation No. II to No. III—Reactance 4.3 ohms, resistance 3.7 ohms 
per leg. 

The settings of the various relays are given in the curves of 
Fig. 3 and from the maximum short-circuit currents that can 


GENERATING STATION 7500 Volts 


Fic 3 


Parallel feeders іп tandem— one-line diagram 


pass through any two relays in series, there is a selective time 
difference of half a second, even under the most severe conditions. 

The balanced system, as explained in Section 5, is also espe- 
cially adapted for parallel lines in tandem. 


VII. SiNGLE LINE RING SYSTEMS 
On single line ring systems, inverse-time-limit relays com- 
bined with reverse-energy relays may be used with the settings 
on the inverse-time-limit element made progressively longer 
near the generating station when feeding in the outgoing direc- 
tion. The balanced system might be preferable to the above 
especially in cases of new installations. 


326 TORCHIO: RELAYS FOR HIGH-TENSION LINES [March 9 


VIII. PARALLEL LINE RING SYSTEM 


In a parallel line ring system, the system of relays shown 
in the one-line diagram Fig. 4 gives promise of very good results. 
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Parallel feeders—ring network—one-line diagram 


In this the inverse-time-limit relays are used on the outgoing 
feeders at the generating stations and a balanced interconnected 
combination of reverse-energy and inverse-time-limit relays at 
the receiving ends of the supply feeders. 
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In the case shown, the supply 15 furnished to several parts of 
the system, which parts are interconnected through several sub- 
stations by duplicate feeders. Here the overload relays are used 
on the outgoing feeders at each of the main receiving substations . 
to eliminate the possibility of a complete system shut-down due 
to the failure of any relay to function properly or in case of a 
short circuit on a bus. 


IX. Тік LINEs 


With tie lines between generating stations where power can 
pass in either direction, the Merz-Price or balanced system 
of relays are probably most advantageous. Тһе balanced ar- 
rangement may be on the split-conductor principle, the com- 
bination interconnected reverse-power and inverse-time-limit 
relay as shown in Fig. 2 or a mechanical interlock between the 
plungers of the several relays on the parallel feeders. 


X. GENERATOR PROTECTION 


Generators are seldom protected by relays; however, protec- 
tion in cases of short circuits in generator windings may be best 
obtained by means of differential relays connected to current 
transformers in the two ends of each individual winding. It is 
also possible to protect against this trouble by means of reverse- 
power relays in connection with overload relays with their 
tripping contacts in series and set to trip out the switch at a high 
value of current, when the power is flowing in the direction of 
the generator. 

As in most cases the generator breakdowns start with a ground, 
a good protective arrangement consists in adopting the selective 
relay ground principle, as in the case of feeder protection. For 
this arrangement precaution must be taken to ground the 
system either by a ground placed outside of the generator neutral, 
or by grounding the neutral of one or more generators and passing 
these grounding leads through the transformer of the selective 
ground relay system. 


XI. TRANSFORMER PROTECTION 
Transformer protection has been best obtained for a very long 
time by means of differential relays connected to transformers on 
both the high-tension and low-tension sides of the power trans- 
former. 
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XII. GRouNDING RELAYS 


Special grounding relays have been found very important for 

use on extra high-tension feeders. Тһе accompanying Figs. 5 

, and 6 show the method that has been used by The New York 

Edison Company where the high-voltage feeders are metallically 
isolated at both ends with transformers. 

While the experience is not conclusive, it is interesting to note 


Sheath Transformer 


that in the case of Fig. 5, on 15 miles (24.1 km.) of 25,000-volt 
cable, eleven cable breakdowns occurred in the first seven 
months of service without the grounding relays, whereas only 
five cable breakdowns have occurred in the past year with the 
grounding relays. Of the first eleven breakdowns, six occurred 
in service and five under test after a service breakdown. Of the 
latter five breakdowns all occurred in service and none under 
test. Тһе theory is held that the grounding relay clears the 
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trouble before the short circuit through the impaired insulation 
has sufficient time to develop a large flow of current creating 
heavy surges and mechanical stresses which may weaken other 
points on the system. 


APPENDIX A 


The reverse-power relay cannot be considered to give any 
selective time feature as the moving torque is dependent upon 


Fic. 6 


the power factor and the voltage of short-circuit conditions. In 
order to obtain the best results, the reverse-power relay should 
be set as sensitive as possible, with an inverse-time-limit relay 
for time and current adjustments. Тһе tripping contacts of the 
two relays should be in series so that the circuit will only trip out 
with a short-circuit current flowing in a given direction and of a 
certain magnitude. Тһе time required to trip is then dependent 
upon the magnitude of the current alone. 
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The power factor of a short circuit may vary from practically 
zero to unity, and in addition there is a second possible shifting 
of phase relation from Y voltage of 90 electrical degrees, due to 
voltage distortion on single-phase short circuits. This neces- 
sitates the reverse-power relay selecting through a range of 180 
degrees. | 
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It is therefore very important that the relays have their 
potential and current coils properly connected to select under all 
of these conditions. Fig. 7 shows the method of connection that 
The New York Edison Company has employed for the last four 
years with very satisfactory results. . Fig. 8 shows another 
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Fic. 8—REVERSE-POWER RELAY CONNECTIONS 


method of connection that is proposed by one of the manufac- 
turing companies and gives promise of good results. 

In both of the above connections the current in the current 
coil leads the current in the potential coil with unity power 
factor three-phase reverse power. Hence the currents in the 
two coils are in closer phase relations with the lagging current of 
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short circuits. Also the potential elements are connected in 
delta which limits the distortion on single-phase short circuits 
to 30 electrical degrees in place of 60, as in the case of a Y con- 
nection. 

APPENDIX .B 


Relay Testing То insure selective operation when carry- 
ing short-circuit currents, the relays should be tested under 
conditions approximating, as nearly as possible, short-circuit 
conditions. This involves heavy testing.currents, and corres- 
pondingly short timing intervals, both of which present certain | 
difficulties. 


In keeping with the foregoing considerations, marked changes 
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have taken place in the testing of series inverse-time-limit relays 
in the generating stations of The New York Edison Company. 
А brief outline of the present method employed is given, together 
with sketches of the testing circuits, etc. 

Although the general scheme remains the same as heretofore, 
the testing is now done at considerably higher currents and 
an accurate automatic timer has replaced the stop watch and 
signal lamp. Furthermore additional testing circuits have been 
provided, and the test connections are made to give a more com- 
plete check on the condition of the relay circuits. 

The extent to which the testing currents could be increased 
was necessarily limited by the size of wire on the relay circuits. 
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These circuits are all of No. 10 A. W. G. copper wire and a testing 
current approximating 50 amperes was considered to be a safe 
maximum. А circuit breaker which is automatically opened 
when the relay closes is used in the testing circuit to prevent 
injury to the wiring by leaving the test current on for too long 
a period. 

А secondary test current of 50 amperes corresponds? to-about 
10 times the normal capacity of the circuits and is well down 
near the flat part of the inverse-time-limit relay curves (see Fig. 


Fic. 10 


9.). It will be noted that at this part of the curve an error in 
current measurement will have a considerably smaller effect on 
the timing than at a point of the curve corresponding to two! Or 
three times the normal circuit capacity. 

The curve, Fig. 9, also shows that the time at 50 amperes 
secondary is about 0.5 second. It is, of course, impossible to 
measure this interval with sufficient accuracy by use of a stop 
watch, and а small synchronous timer is used. This instrument 
is accurate to 3 or 4 per cent at 0.5 second and good results have 


m =_ 
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been obtained with it. Тһе operation is entirely automatic, 
eliminating all personal errors as shown in the method of connec- 
tions in Fig. 10. 

The connectors on the current-transformer test blocks are 
not removed under tests, which leaves the secondary of the 
current transformer in shunt with the relay circuit while testing. 
Under these conditions and with test currents not exceeding 
50 amperes, only a very negligible current is shunted out by the 
transformer secondary. If, however, a high resistance is present 
in the relay circuit or if the impedance of the transformer is low 
on account of short-circuited turns, the balance of current 
between the relay and transformer will be disturbed and the 
defective circuit will be found on periodic retest of the relay. 
This method has already proven very successful in locating defec- 
tive current transformers. 

If it were possible to test with still higher currents, then, with 
the transformer shunting the relay circuit, an appreciable part 
of the test current will pass through the transformer secondary. 
This would be a big advantage as it would account for the high 
magnetizing current which changes the ratio of the transformer 
when working under short-circuit conditions. 


APPENDIX C 


The New York Edison is installing the protective relay sys- 
tem for the generating station and some of its substations where 
all the radial feeders are operated in parallel, as shown in 
Fig. 11. | 

This company has used the system of selective-ground re- 
lays for nine years with excellent results. This system was 
arranged to ring a bell and locate a defective grounded feeder 
by means of a relay drop which was in turn connected to a cur- 
rent transformer that enveloped the three conductors. 

By this indication the operator was in former years able to 
disconnect the defective cable before it developed into a short 
circuit in about 80 per cent of the cases. 

With the increase in size of the underground system the 
grounding current capacity has increased so much that it gives 
the operator very little time to disconnect a grounded feeder 
before it develops into a short circuit. It was, therefore, decided 
to make this operation automatic and a zigzag three-phase 
grounding transformer is being connected to the generating 
station bus for establishing a more positive ground current. 
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The resistance is connected in series with these transformers 
to limit the current to 200 amperes. 

А plunger-type bellows relay 15 being connected to the ground- 
sheath current transformer and this relay is being connected to 
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automatically trip out the oil switch at the station when a 
ground occurs on the feeder. 

In cases where the feeders are paralleled іп the substation a 
grounding relay is used in conjunction with the balanced inter- 
connected reverse-energy relay arrangement of Fig. 2 on the 
sub-station ends of the feeders. Оп these feeders the bellows 
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grounding relays in the generating station are given a short time 
setting to permit the substation switches to operate first. 

АП feeders outgoing from the substation bus are also equipped 
with grounding relays. 
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THE PROTECTIVE RELAY EQUIPMENT ON THE 
SYSTEM OF THE COMMONWEALTH 
EDISON COMPANY 


BY R. F. SCHUCHARDT 


ABSTRACT OF PAPER 


Where the use of protective devices is based primarily on the 
desire to maintain a high continuity of service rather than to 
protect apparatus, the tendency in the development of large 
systems is toward interconnection, and to make this practicable, 
satisfactory relays are necessary. 

The paper describes briefly the system of the Commonwealth 
Edison Company of Chicago with special reference to the pro- 
tective devices installed thereon. 

Generators are equipped with balanced relays, lines with in- 
duction-type inverse-time-element relays, some of them of the 
uni-directional type, and balanced relays, while substation ap- 
paratus has the usual equipment of overload relays, speed-limit 
devices, etc., and outgoing feeders the instantaneous type of 
relays. The arrangement of these relays is shown and some of 
the settings described. 


INTRODUCTORY 

ROTECTIVE relays on a central station system may be 
defined as devices or apparatus used primarily to maintain 
continuity in the supply. Тһе protection is with reference to 
the service rather than to the generator, line, or transformer, 
etc., to which the relay is connected. Тһе ideal protective relay 
is one that immediately disconnects a faulty member of the 
system before the disturbance caused by the fault has spread 
beyond that member. Unfortunately, development to date has 
not yet evolved such an ideal device. Synchronous apparatus has 
a tendency to drop out of step promptly whenever an un- 
usually heavy shock occurs on the system, thus at times causing 
disturbance in other than the faulty member. However, the 
relays now available will serve properly in the great majority . 
Of cases and we may hope ultimately to have synchronous ap- 

paratus designed with a higher degree of stability. | 
At the present time the conditions met with in different sys- 
tems vary considerably, and no one scheme of protection will 
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fit them all. Each system must be studied and the individual 
solution applied. There are, however, many points of similar- 
ity and the solution in one case will serve as a partial guide, at 
least, in others. 

The tendency in the development of large systems is toward 
the simplicity of the low-tension Edison network, which 1$ 
giving such excellent results. Unfortunately, the protective 
problem on these large high-tension systems has not the sim- 
plicity of the Edison network. We seem, however, to be in a 
fair way of making satisfactory progress toward this goal. Тһе 
devices now obtainable and commercially within reach make it 
practicable to interconnect quite freely and thereby to gain con- 
siderably in the use of the copper invested in lines and, in general, 
to localize faults. 

It is only fair to the manufacturer to state that his problem 
has not been an easy one, since the ideal action of protective 
relays would require them to have almost human intelligence. 
They must invariably discriminate between conditions under 
which they ought to operate and those under which they must 
remain inoperative, and this discrimination must be made in- 
stantaneously. Тһе present apparatus made by the manufac- 
turers reflects credit on their engineers and gives promise of 
continued progress along the desired lines. 

In the following paper will be found a description of the pro- 
tective schemes recently adopted by the Commonwealth Edison 
Company of Chicago as a result of considerable experimentation 
with the newer relays. With the continued growth of the sys- 
tem the earlier relays were frequently found inadequate and it 
was necessary to seek relief in a better development in order to 
continue the maintenance of a satisfactory service. 


BRIEF DESCRIPTION OF THE PLANT 


The plant of the Commonwealth Edison Company contains 
at present three main high-tension generating stations with a 
number of auxiliary peak stations, having a total generating 
capacity at this time (March 1917) of approximately 400,000 
kw., with 800 miles (1287.4 km.) of high-tension transmission 
lines feeding sixty-six distribution substations and about forty 
industrial customers’ substations. The energy is generated at 
two frequencies, 25 cycles and 60 cycles. The bus connections 
of the units and the direct ties between stations are shown in 
Fig. 1. Summarized substation data are shown in Table I. 
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The size of the system and its growth are indicated in 
the curves in Fig. 2, which show the annual maximum loads 
since 1900. Тһе total coincident maximum during the past 
winter was 370,000 kw. 


TABLE I—SUMMARY OF SUBSTATION CAPACITY DATA 


25 Cycle 60 Cycle 
Total kw. Range of Total kw. Range of 
capacity sizes capacity sizes 
250-volt synchronous converters 
on Edison system........... 101,300 100-4200 
600-volt synchronous converters 
for railway service.......... *226,000 1000-4000 9,000 3000 
12,000-volt to 4,000-volt trans- 
formers.. Col ее 102,500 100-3000 
Frequency changers........... 21,500 500-2000 
Total е аа e 348,800 111,500 


ж 140,000 kw. of this is in substations of the traction companies. 


Fig. 3 is a diagram of the transmission lines. "The length of 
these lines at the various voltages 1$ as follows: 

481 miles (774 km.) of 9000-volt, 25 cycles; cable size 4/0, 
250,000 cir. mils and 300,000 cir. mils. 

215 miles (345.9 km.) of 12,000-volt, 60 cycles; same cable 
as for 9000 volts. 

92 miles (148 km.) of 19,000-volt, 25 cycles; cable size 2/0 
and 250,000 cir. mils. 

12 miles (19.3 km.) of 22,000-volt, 60 cycles; cable size 
250,000 cir. mils. 


ELEMENTS OF THE SYSTEM AND THEIR PROTECTION 


All of the 25-cycle generators in these three stations are pro- 
vided with external reactors except in the case of two of the 
units which generate at half pressure and step up to 9000 volts 
through auto-transformers. The total reactance of generators 
and external coils (or auto-transformers) is as follows: 


12,000-kw. capacity generators............... 8 per cent 
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The 60-cycle generators have sufficient inherent reactance, so 
no external reactors are required, this reactance being, 
14,000-kw. (18,670-kv-a.) capacity generators... 7 рег cent 
20,000 * (25000 “) “ Ew dan. uve 
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With one exception the vertical generators, which include all 
those under 20,000-kw. capacity and two of this capacity, have 
no automatic relays at present. All of the newer units 
and one of the 20,000-kw. vertical units are equipped with 
balanced relays of the Merz-Price type. These are connected 
so that in the event of a fault in the generator or in its leads, 
they will promptly open the main oil switch, the neutral switch 
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(if closed), and the field switch of the faulty unit. A diagram 
of this relay connection is shown in Fig. 4. | 
Fisk Street station is normally operated іп two sections which, 
however, are tied together through the Quarry Street bus, 
sectionalizing reactors being placed in each tie line. (See Fig. 
1.) These reactors are designed to absorb 20 per cent of the 
pressure at the full-load current of the tie line, which consists of 
three 250,000-cir. mils cables in parallel. These tie lines are 
protected with balanced relays, the connections of which are 
shown in Fig. 5. It will be noted that the connections are such 
` that the relays will operate only in the event of ground current, 
but experience hag indicated that the vast majority of cable 
failures are to ground. Incidentally this could always be as- 
sured if cable of the Hochstaedter type—that is, with grounded 
sheaths around each conductor of the three-conductor cable— 
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were used. Tie lines between Fisk Street and Northwest station 
which are about eight miles (12.8 km.) 5 are treated like 
ordinary. lines at each station. 

At the Quarry Street station there is a 5000-kw. frequency 
changer serving as tie between the 25-cycle, 9000-volt busses 
and the 60-cycle, 12,000-volt busses. Тһе bellows overload re- 
lays now on the units are to be replaced by uni-directional re- 
lays at either end, and in addition, an adjustable definite- 
minimum, inverse-time-element relay will be installed to trip 
the 60-cycle switch in the event of a sustained excessive over- 
load such as would result when either of the systems receives a 
shock and excessive synchronizing energy passes between them 
through this frequency changer. Тһе uni-ditectional relays will 
be set to operate instantaneously on energy feeding inward and 
equal to about 15,000 kv-a., while the inverse-time relay will 
be set for approximately 10,000 kw., three seconds. 
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On the transmission lines in the generating stations the bel- 
lows-type relays are being rapidly replaced by an induction-type, 
adjustable definite-minimum, inverse-time-element relay. Where 
the line is part of a ring and the time setting of the relay at the 
station end is more than one and one-half seconds, an additional 
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relay of the same type is used but set to operate instantaneously. 
Its current setting, however, is slightly higher than that current 
which could flow over the resistance of this line and into the 
next link of the ring. It is planned ultimately to operate lines 
in parallel, wherever practicable and consistent with the sec- 
tionalizing at the generating stations. 
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At the substation end of these lines as well as on tie lines 
between substations there are connected uni-directional inverse- 
time-element relays of the induction type, or in some instances 
on rings, balanced relays, depending on the relation of the par- 
ticular line to the other elements of the ring of which it is a part. 

Protective apparatus in use on substation units is as follows: 

Оп 250-Volt Synchronous Converters of the Edison System. Inverse- 


time-element overload relays of the bellows type on the high-tension sup- 
ply to the transformers and operative on the oil switches; speed-limit 
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devices operating on the d-c. circuit breakers; and on all down-town sub- 
station units in addition reverse-current relays operating on the d-c. 
circuit breakers. 


On 600- Volt Converter Units for Railway Service. Inverse-time-element 
overload relays operating on the oil switch; overload attachment on the 
positive circuit breaker; speed-limit relays operating on the positive cir- 
cuit breaker; and in addition a special leakage-current relay connected 
between the frame of the machine and earth and set to operate both the 
oil switch and the d-c. breaker in the event of potential in excess of 100 
volts existing on the frame, such as might result from a flash-over. 


Оп 60-Cycle, 12,000- Voit іс 4000- Volt Transformers. Bellows over- 
load relays operating on the 12,000-volt switch are being replaced by dif- 
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ferential relays operating on both the 12,000-volt and the 4000-volt oil 
switches. The 4000-volt outgoing-feeder circuits are provided with 
straight overload relays. 

Оп 9000- Volt, 25-Cycle, to 4000- Volt. 60-Cycle Frequency Changers. 
Bellows overload relays on both the motor and the generator, each opera- 
ting its own oil switch. 


SETTING OF RELAYS AND EXPERIENCE 


_ Generators. The balanced relays on generators are, like all 
the other balanced relays on the system, set for instantaneous 
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Operation. Since they have been installed, the relays on one 
of the units have been called upon to operate twice, in each 
case promptly disconnecting the unit. The benefit of generator 
reactors and bus-sectionalizing reactors has been apparent a 
number of times in limiting the extent of the disturbance re- 
sulting from a line break-down close to the station. Previous 
to the installation of such reactors, cable breakdowns occurring 
within half a mile (0.8 km.) of the station usually caused fairly 
widespread disturbance and often considerable damage to 
generators. 
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Lines. Тһе adoption of the line protective devices described 
resulted from a desire to make the large line investment more 
productive by operating in parallel as far as practicable, as well 
as to localize more fully the disturbance resulting from a cable 
failure. In the case of the station tie lines, the straight inverse- 
time-element relays frequently opened when either station got 
a shock due to a line failure. Тһе installation of balanced re- 
lays on these two lines has entirely removed this trouble. 


: On the transmission lines, the aim is to use the induction type’ 
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of relays in all cases where their satisfactory use does not re- 
quire the time setting at the station to be too high, and it was 
generally considered that this maximum setting should not 
materially exceed two seconds. Іп the case of ring-connected 
lines, where the succeeding relays in each link, counting toward 
the station, must have an increasing time element, the use of 
these relays only, would in many cases, require a setting in 


excess of the two second limit. It is obvious that the difference 


in time setting between any two successive relays in the series 
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must be equal to the time required for the oil switch to fully 
break the circuit after the relay contact has closed, plus a safe 
margin, and this, with the speediest apparatus, is approximately 
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three-tenths of a second. п order, then, to keep down the 
total number of such relays in series in a ring of many links and 
thus to prevent the above time limit from being exceeded, the 
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shortest lengths in the ring are provided with balanced relays 
and pilot wires. The illustrations in Figs. 6a, 6B and 6c show 
typical installations of relays on a few sections of the system. 
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The data of the settings are also given. Тһе current-time 
curves of a set of uni-directional relays in a ring are given in 
Figs. 7A, 7B, 7c and 7p and show clearly how the selectiveness 
of operation is obtained at all current values. It will be noted 


BRUNNEN MEE YNNEEN EN 
cae ПЕЕ MUN ERR В ИЫ 
ЕЕЕ ЖЕНЕ NE RN ЖИЕН 
ны 
ХОЛ НЕЄНЕЄ 
TEES EINER URGE НИЯ 
“инньэ 5 Чаниншанин 


SECONDS TO TRIP 


1000 2000 3000 4000 5000 6000 7000 e000 9090 10000 
AM PERES IN LINE 


Fic. 7 C—CURRENT-TIME CURVES OF RELAYS 


in Fig 6a that in the case of the line to Lake View substation 
which loops through an industrial installation, the rule of apply- 
ing the balanced relays to the short length has not been followed. 
In cases like these the preference for the balanced relay is given 
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to the section nearest the generting station, even though this 
section may not be the shortest, the reason being that the 
balanced relay, having a practically zero time setting, would 


disconnect the line in case of a short circuit close to the 
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station more promptly than would a relay with a definite- 
minimum time setting. 

Substations. The bellows overload relays on the high-tension 
side of substation units are set to operate at a minimum flow of 
approximately two and a half times rated current, to operate 
in two seconds on three and a half times, and instantaneously 
on five times rated current. On synchronous converters the 
Speed limit is set at 15 per cent over speed. Differential relays 
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On substation transformers are arranged for instantaneous opera- 
tion and are shown diagramatically in Fig. 8. The relays on 
the 4000-volt feeders are of the instantaneous type and set to 
trip at three times normal load. 

There is a considerable number of minor installations of pro- 
tective relays on the system not covered in the above, but for 
Sake of brevity and because they have no features of special 
interest they have here been omitted. 
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COOLING OF OIL-IMMERSED TRANSFORMER 
WINDINGS AFTER SHUT-DOWN 


BY V. M. MONTSINGER 


ABSTRACT OE PAPER 


The 1916 A. I. E. E. Rules require that the temperature rise of 
transformer windings be observed by the resistance method. 
Since the measurement of resistance usually requires considerable 
time, there 1$ always a drop in temperature between the instant 
of shut-down and the time of observing this resistance measure- 
ment. There are three general methods of determining the 
temperature at shut-down. These are: 

1. To take a cooling curve and extrapolate back to the instant 
of shut-down. 

2. To use an arbitrary correction. 

3. Tocalculatetherateofcooling. The usual theoretical form- 
ula for calculating the cocling of a body is not in a convenient form 
for practical use. Furthermore, the conditions in a transformer 
are generally such that it would be difficult to apply. However, 

-it is shown in the paper that the cooling of oil-immersed trans- 
former windings, for a limited time (four or five minutes) after 
shut-down, is approximately a function of the watts per lb. of 
copper, and that when it is necessary to make calculations, more 
accurate results can be obtained by this partially empirical 
method than by attempting to use the theoretical formula. 

Under ''Conclusions"', the general advantages and disadvan- 
tages of each method are given. 

In the Appendix are developed certain formulas used in the 
paper. 


INTRODUCTORY 


T IS standard practise today to rate electrical apparatus at 
À its maximum continuouscapacity. Whenthe rating is limi- 
ted by temperature (as most transformers are) the insulation or 
some part of it is operating close to the. danger point. For 
this reason, it is important to know more accurately the average 
temperature of the windings than it has been in the past when 
it was the practise to make the temperature guarantee for two 
different loads; namely, full-load followed by a short-time over- 
load. 


The A. I. E. E. Standardization Rules recognize three general 


Manuscript of this paper was received March 16, 1917. 
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methods of determining the temperature of electrical apparatus. 
These are: 

Method No. 1: Thermometer method (Section No. 345). 

Method No. 2: Resistance method (Section No. 348). 

Method No. 3: Embedded temperature-detector method 
(Section No. 352). 

Due to the fact that transformer windings are usually in- 
accessible for thermometers and less accessible for temperature 
detectors than are generators, motors, etc., the A. I. E. E. Rules 
(Section No. 351) specifies that the temperature of windings of 
transformers is always to be ascertained by method No. 2— 
resistance method. However, it is stated that in the applica- 
tion of method No. 2, careful thermometer measurements must 
also be made whenever practicable to increase the probability 
of revealing the highest observable temperature. Тһе use of 
thermometers іп determining the “hottest spot" in the windings 
of transformers applies almost exclusively to air-blast or natural 
draft rather than to oil-immersed transformers. 

The foot note to Section No. 348 in the A. I. E. E. Standardi- 
zation Rules states: 

Whenever a sufficient time has elapsed between the instant of shut- 
down and the time of the final temperature measurement to permit the — 
temperature to fall, suitable corrections shall be applied, so as to obtain 
as nearly as practicable the temperature at the instant of shut-down. 
This can sometimes be approximately effected by plotting a curve, with 
temperature readings as ordinates and times as abscissas, and extrapo- 
lating back to the instant of shut-down. In other instances, acceptable 
correction factors can be applied. In transformers of 200 kv-a. and less, 
the measured temperature shall be increased one degree for every minute 
between the instant of shut-down and the time of the final temperature 
measurement, provided this time does not exceed three minutes. 

In cases where successive measurements show increasing temperatures 
after shut-down, the highest value shall be taken. 

In observing the temperature of transformers by means of 
change in resistance, there usually is a sufficient lapse of time 
to permit an appreciable drop in temperature. Іп practise this 
drop ranges from a fraction of a degree to several degrees per 
minute, hence it becomes highly important to know the extent 
of it. 

While the cooling-curve method is fairly reliable, commer- 
cially it is not always practicable. Furthermore, it is desirable, 
from the manufacturer's standpoint, to have some method 
whereby for designing purposes, one can predetermine the fall 
in temperature for various intervals of time which a cooling 
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curve does not give until after the machine has been designed 
and tested. 

Itis the purpose of the writer to discuss from a theoretical stand- 
point the cooling of oil-immersed transformer windings after load 
has been removed, and to show that the cooling in degrees of the 
average type of oil-immersed winding for the first four or five 
minutes after shut-down is approximately a function of the loss 
expressed in terms of watts per lb. of copper. In other words, it 
is shown that for practical purposes, the cooling can be calculated 
for a limited time after shut-down without considering either the 
thermal capacity of the insulation or the initial temperature 
rise of the winding. If we can neglect these two factors, it is 
obvious that the process of calculating the cooling is greatly 
simplified as compared with the usual method of calculations by 
considering the thermal capacity of the mass and its initial 
temperature rise. 

It is the difficulty, for the usual transformer winding compli- 
cated by oil ducts, etc., of determining accurately the above 
two factors, especially the initial rise, that makes it difficult to 
calculate the cooling by the usual theoretical formula. For 
instance, for a transformer winding with numerous oil ducts, 
the temperature of the surrounding medium or ambient temper- 
ature is that of the oil in the ducts and of the oil surrounding 
the coil stack. While the oil surrounding the coil stack no 
doubt remains fairly constant for the first five minutes after 
shut-down, the oil in the ducts is moving through, just after 
shut-down, at the same rate it was before shut-down. Since 
this moving oil is influenced by the temperature of the coils, 
and since the temperature of the coils 1$ decreasing after shut- 
down, the temperature of this oil in the ducts is also decreasing. 

In other words, if we consider the temperature of the oil in 
the ducts as the ambient temperature, we have here a constantly 
decreasing ambient temperature which would be troublesome to 
deal with in making calculations. On the other hand, if we 
consider the oil surrounding the coil stack (1.e., neglecting that 
in the ducts) as the ambient temperature, we must take into 
consideration. the thermal capacity of the oil in the ducts. 
This also would be difficult to do because as stated above, this 
oil is not stationary. However, in the case of a single coil im- 
mersed in oil where conditions are not complicated by oil ducts, 
fairly accurate calculations can be made by the use of the usual 
theoretical formula. 
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CALCULATION OF COOLING BY THEORETICAL FORMULA 
When loss of heat energy is proportional to temperature rise 
the cooling of а body takes place according to a ''die-away" 
curve which is expressed by the formula 


0, = 0, Ев! (1) 
in which | 
‚0, = temperature rise at any time / of the body over its 
ambient temperature. | 
0, - initial temperature rise or rise at shut-down. 
€ = base of Naperian logarithms. 


В = time constant. 


Equation (1) is based on the assumption that the rate of heat 
dissipation, 7.6., the cooling, 15 proportional to the temperature 
rise. It is shown later that this assumption is not quite correct 
for oil-immersed windings, for the reason that the rate of heat 
dissipation is seldom if ever a direct function of the temperature 
rise. А formula is developed in the Appendix for the condition 
where the loss of heat is not proportional to the temperature 
rise, but equation (1) 15 usually accurate enough for practical 
purposes. . 

Equation (1) may be put into a more convenient form by 
changing signs, adding 0, to both sides and then putting (0, — 0)) 
— 0, where 0 is the cooling in deg. cent. We now have 


9 = 0,(1— ев!) (2) 


Differentiating equation (1) with respect to time, we find that 
when / = 0 the time constant 0 is 


_ initial rate of cooling. 
initial temperature rise 


INITIAL RATE OF COOLING 


The “initial rate of cooling" depends upon the thermal 
capacity of the body being cooled. Transformer windings con- 
sist mainly of copper and fibrous insulation. The thermal ca- 
pacity or energy in joules required to raise the temperature of 
copper one deg. cent. equals the weight of copper times the 
number of grams in one pound times the specific heat of copper 
times the number of joules in one calorie = W х 453.6 х 0.0935 
Х 4.185 = 177.5 И’, where W is the weight in pounds. The 
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rate of heat storage in copper which is the same as the ''initial 


60 X watts 
75 ^ 0.338 W. 
where W, is the watts per pound of copper. 

The thermal capacity of most insulating materials by volume 
ranges from about + to $ that of copper. Tests indicate that 
for most impregnated insulations the value of % is more nearly 
correct. For an insulated copper conductor or coil then, the 


2, _ 0.076a W, ia whisk 
A+t+a Acta | 
а = the cross-sectional area of the copper and 


А = the cross-sectional area of the copper plus the insulation. 
We now have | 


rate of cooling” in degrees per minute is 


initial rate of cooling = 0.338 W, 


The above expression, of course, does not hold when the 
average temperature of the insulation is considerably lower than 
the temperature of the copper. This condition, however, sel- 
dom if ever exists except probably for a few end turns (exposed 
to line voltage) in the windings of a transformer. 


INITIAL TEMPERATURE RISE 


It has been shown* that the temperature rise (same as ''initial 
temperature rise” when considering cooling curves following con- 
stant conditions) of a tank surface in a gas (air) cooled by con- 
vection varies as the 0.8 power of the loss through a limited 
range of temperatures. This, ог a similar law, seems to be 
universally true for all types of oil-immersed windings, although 
the exponential value depends to some extent upon the thick- 
. nesses of insulation. The reason for this is that the temperature 
drop from copper to oil is composed of two components,— sur- 
face drop and drop through the insulation, the former of which 
changes more rapidly with a change in temperature than the 
latter. (Hereafter in referring to temperature drop through in- 
sulation, it will be expressed in deg. cent. drop when there is а 
flow of one watt per sq. in. through a distance of one inch of 
material. This is generally written “дер. per watt per іп.” 


*PRoc. A. I. E. E., Montsinger, April, 1916. 
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when considering the temperature drop through a definite thick- 
ness and “дер. per watt per in."' when considering че {етрег- 
ature drop of a surface.) | 

Referring to Fig. 1, it will be noted that as the temperature 
increases from approximately 33 deg. in lower curve to 75 
deg. cent. in upper curve the surface drop from insula- 
tion to oil decreases from 6.7 deg. to 4.7 deg. per watt 
` рег 11.2. Practically the same decrease is noticed in the sur- 
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face drop from copper to insulation, while the drop through the in- 
sulation, for a change in average temperature from about 38 deg. 
to 110 deg. cent., is only decreased from 274 deg. to 246 deg. 
per watt perin.. The thickness of this insulation, 72 mils 
(.183 cm.) is considerably greater than that used on most trans- 
former windings, so that this large drop through the insulation 
does not necessarily represent conditions as found in practise. The 
The insulation, composed of 0.012-in varnished cambric strips 
one-in. in width, wound on butt joint, was made of sufficient 


1917] MONTSINGER: TRANSFORMER WINDINGS 357 


thickness to obtain an appreciable temperature drop. Ву 
drawing a straight line through two internal temperature 
points, obtained by thermo-couples, the inner and outer surface 
temperatures were determined. 

It is evident, therefore, that the value of the exponent in the 
equation of temperature rise vs. loss, will beless when the greater 
portion of the total drop is a surface drop than when the 
greater portion is a drop through insulation. 

Fig. 2 shows the value of the exponent (slope of line) to be 
0.7 when the suface of a coil is bare, and 0.9 when covered 
with six layers of 0.012 in. varnished cambric, and also 
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0.9 with nine layers of varnished cambric. It is shown later 
that the value of the exponent is approximately 0.7 when a coil 
has a light insulation such as is generally used in practise. 

It has been shown by Dr. Langmuir* that the “convection” 
of heat from a surface in a gas consists essentially of conduction 
through a film of stationary gas 0.177 in. (.045 cm.) over the 
Surface. A stationary film no doubt exists when heat energy is 
transferred from a surface to liquids. Very little, however, is 
known about this film, except that it exists, and for this reason 


*Physical Review May, 1912. 
Am. Electro Chem. Soc. April, 1913. 
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we have to depend upon experimental observations for deter- 
mining its thickness and its effect on the temperature rise. 


THICKNESS OF OIL FILM 


The best data at hand indicate that the thermal resistivity 
of transformer oil is approximately 250 deg. cent. per watt per 
inj. Accepting that this figure as correct (which may or may 
not be very accurate) according to the surface drops in Fig. 1, 
(approximately 6 deg. per watt per in.?.) the indications are that 
the thickness of the stationary film of oil is 6/250 = 0.024 in. 
(.061 cm.) This value, however, should be considered as 
merely approximate, since it may vary somewhat for different 
conditions. Further work is required along this line to estab- 
lish more accurate data. 


THERMAL RESISTIVITY OF INSULATION 


According to Fig. 1, the average thermal resistivity of the 
insulation is 261 deg. per watt per in. However, the 
thermal resistivity of insulation as applied to electrical appa- 
rat&s 15 by no means a constant value but may vary anywhere 
from about 200 deg. cent. for solid to 500 deg. cent. per watt 
рег 11.3. for loosely wound insulation containing oil or air spaces 
between layers. Generally speaking, about 250 deg. per 
watt рег in.. seems to be the value most commonly found* in 
practise for compact insulation coverings. 


RATE OF COOLING AS AFFECTED BY THERMAL CAPACITY AND 
BY INITIAL TEMPERATURE RISE 


It is obvious from the form of equation (2) that for a given 
initial temperature rise бо, for a given mass of copper and а 
given loss, the greater the mass of insulation, the slower will 
be the rate of cooling. However, it should be remembered that 
in order to have the same initial temperature rise when insu- 
lation is increased, on, say a transformer winding, it is necessary 
that the watts per unit area exposed to the cooling medium be 
decreased sufficiently to compensate for the increase in tem- 
perature due to the added insulation. Otherwise an increased 
temperature rise will result. 

Insulation is usually used in transformer windings, in two 
ways; (1) by placing it on individual strands or conductors, 


*See paper and discussion on Heat Paths in Elec Machinery, Symons 
and Walker, British Inst, of E, E., November, 1911, 


PLATE XVII. 
A. |. E. E. 
VOL. XXXV, NO. 4 


Lightly Insulated Coil Heavily Insulated Coil 
[MONTSINGER] | 
Fic. 3—Соп.$ USED IN DETERMINING EFFECT OF COIL INSULATION 


ON COOLING AFTER SHUT-DOWN 
See Figs. 4 and 5 for Cooling Curves 
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and (2) by placing it on individual coils. When the conductor 
insulation is increased, although the watts per unit area of sur- 
. face is decreased, the temperature rise is generally increased. 
When the coil insulation is increased, the surface loss is not 
. usually affected and hence it follows that the temperature rise 
. is always increased. 

On the whole, it seems fair to assume that when insulation 
is added to transformer windings, the surface loss per per unit 
area is not usually reduced sufficiently to neutralize the in- 
creased drop established in the insulation and an increased 
temperature rise results. Accepting this assumption, it is 
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obvious that when insulation is added to a_ winding, 
(although the rate of cooling immediately after shut-down 
is decreased), there must be a time when not only the rate but 
“ the actual cooling in degrees of this winding is greater than that 
for a winding with a lesser amount of insulation. This same 
effect is had when a transformer has very complicated oil ducts 
of such a nature to restrict the oil circulation and cause an 
increase in the temperature rise. For instance, it is obvious 
that for a given loss per lb. of copper, any factor which makes 
it more difficult for the coil to cool, and hence causes an increase 
in the temperature rise, also causes the rate of cooling to be 
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less for a short time after shut-down. The duration of this 
time seems to be from one to three minutes. Finally, it may 
be stated as follows: 

“Апу factor or set of factors which causes an increase in tem- 
perature rise for constant conditions, also causes a decrease in the 
. rate of cooling for a short time after shut-down.” 

Of course, after a time, the cooling necessarily becomes 
greater. 

For example, the effect of increasing the insulation on a coil 
(where the surface loss is not changed) on its rate of cooling is 
very well illustrated in Figs. 4 and 5. These curves give the 
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Fic. 5—Coo.incG OF OIL-IMMERSED WINDINGS SHOWN IN FIG. 3 (AVERAGE 
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‚ cooling of two coils under identical conditions, excepting that 
опе had heavy insulation and the other light insulation. Both 
coils wound on a foundation ring or cylinder, 40 mils in thickness 


and consisted of 0.2 X 0.055-in. edge-wound conductor with а 10.5- © 


mil cotton covering, and over both coil surfaces were wound 15 
mils of binding tape. Fifteen to eighteen layers of 0.012 іп. 
v.c. was then wrapped on both the inside and outside surface 
of one coil, while the other coil was given no extra insulation 
(see Fig. 3). We might designate the insulation on the coils 
as “heavy” and "light". According to curves in Figs. 4 and 5 
their cooling is as follows: 
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Watts Approx. 


Insulation per initial Cooling in deg'cent. 
on coil lb. си. Метр. rise 
1 2 3 4 ES 6 |7min 
Heavy...... 22.5 56° 3.6 | 7.2 | 10.3 | 12.9 | 15.2 | 17.3 | 19.2 
Light....... 22.9 20° 4.9 8.1 | 10.8 | 12.8 | 14.1 15 3 | 16.0 
Heavy...... 9.8 83.5” 1.8 | 2.4 4.6 5.8 6.9 7.9 8.8 
Light....... 9.8 | 11.5? 2.0 2.4 4.5 5.3 6.1 6.7 7.2 


The above shows that the cooling of the heavily insulated 
coil is at first less and then finally becomes greater than the 
cooling of the lightly insulated coil. The cooling of both coils, 
however, is approximately the same until four or five minutes 
after shut-down. The amount of insulation on the heavily in- 
sulated coil is somewhat exaggerated as compared with practise, 
but it illustrates the point in mind. 


DERIVATION OF PRACTICAL FORMULA FOR CORRECTING BACK 
TO SHUT-DOWN 


The question, what is the rate of cooling for various watts 
per pound of copper, naturally arises. This can be calcu- 
lated by the use of equation (2) providing the initial 
temperature rise and the thermal capacity of the mass is 
given for a typical coil. As stated before, the true initial 
rise of windings over oil is difficult to obtain in an 
actual transformer, but can be determined for a single coil 
operating under a condition that the surrounding oil temperature 
can be observed. According to the above reasoning, the cooling 
of this coil for a given loss and for a limited time should be ap- 
proximately the same when operating singly as when operating 
in a group of coils. 

In Fig. 6 is shown on logarithmic paper the temperature rise 
for various watts per square inch coil surface obtained by tests 
for constant conditions on a single transformer coil immersed in 
oil. A diagram is given showing the size of conductor (used in 
the coil) and its insulation. This line of temperature rise vs. 
loss, shows that the temperature rise varies as the 0.705 power 
of the loss. If we let 0, equal the temperature rise for the above 
referred to coil, the equation of the line is 


0, = Қ И/,0705 : | (3) 
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К = constant = 5.2 
W, = watts рег sq. in. of surface (divide by 10). 
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Fic. 6— TEMPERATURE RISE OF OIL-IMMERSED WINDING 
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Fic. 7—SKETCH OF WINDINGS USED FOR COOLING CURVES IN FIGs. 8 AND 9 


At 25 deg. cent. the surface loss of a coil with rectangular or 
square conductors is expressed by 


W, = 3.47 Сат s 107 (4) 
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in which 
W, = R I? watts per sq. in. surface (neglecting edges of coil 
but including conductor insulation). 
C = current density in amperes per sq. in. 
d = depth of bare conductor in inches, in direction of flow 
of heat. 
п = number of conductors in direction of flow of heat. 


— conductor space factor at right angles to flow of heat. 
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For coils with round conductors, the value of W, in (4) is de- 
creased іп the ratio of 4 to т, or 


W, = 2.725 х 107 С24 5 (5). 
At 25 deg. cent. the В I? watts рег lb. of bare copper (We) is 


W. = 2.16 С? 10-8 (6) 
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Combining equations (3), (4) and (6), we have 
0, = 7.27 (W. d n 5)0:705 (T) 
Substituting the above value of 0, in equation (2) 


dun: Иа 
(We dns) 0.705 ) 
€ 


9 = 727 Wd n s7 (1 
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Putting (from dimensions of conductor in Fig. 6) 
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and changing 0.705 to 0.7 and increasing the value 7.27 to 7.35 
(to compensate for reduction of 0.705 to 0.7), we have 


9 = 1.95 W.9? (1- e-9106 и %) (8) 
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in which 
0 = cooling in deg. cent. 
W. = watts per lb. of bare copper. 


TEMPERATURE DEG. CENT. 


2 3 4 5 
MINUTES AFTER SHUTDOWN 
Fic. 11—Сооммс oF AiR-BLAsT TRANSFORMERS (AIR SHUT OFF) 


at 75 deg. cent., И’; = 2.577 С? (1 + xx) 107* 


e = eddy current loss in percent of R P. 
t = time in minutes after shut-down. 
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In Fig. 13 are plotted, from equation (8), the degrees cooling 
vs. different values of W, for 1, 2, 3, 4, 5, 6 and 7 minutes after 
shut-down. 
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Table 1 gives the variation in degrees centigrade (+ or —) 
that these curves differ from the cooling found by tests, on 
various types of oil-immersed windings. | 
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TABLE I. 


COMPARISON OF COOLING BY TEST OF OIL-IMMERSED WINDINGS WITH 
COOLING CALCULATED BY FORMULA (8). 


Deg. cent. 
Self-or Style of Variation of test from calculated cooling 
water-cooled Kv-a. winding 
2 minutes after 4 minutes after 
shut-down shut-down 
+ == “р === 
Self 200 Cyl. 0.5 0.8 
< 400 Disk 0.5 0.7 
E 1000 Cyl. 0 0 0 0 
Ь 750 Disk 0.5 0.8 
Water 3000 Disk 0 0.2 
“ 2500 Cyl. 0.5 0.9 
Self 200 Cyl. 0.8 1.1 
" 433 Disk 0.5 0.4 
и 400 Disk 0.7 0.8 
ч 135 Cyl. 0.1 0.1 
5 750 Disk 0 0 0 0 
Water 450 Disk 0.5 0.4 
“ 2000 Disk 0.0 0.9 
Self 300 Cyl. 0.2 0.6 
ш 300 Disk 0.4 1.0 
Water 1000 Disk 0.7 0.8 
g 900 Cyl. 0.2 0.8 
5 : 750 Disk 0.6 0.7 
4 750 Disk 0.2 0 
Self 1000 Cyl. "0.3 0.6 
2 750 Суі. 0.5 0.1 
Water 5500 Rectangular 0 0 0.5 
4 5500 Б 0.2 0.3 
Е 6000 Ё 0 0 0.5 
^ 6000 5 0.3 0.5 
Self 46 Regulato 0.5 0.8 
ы 62.5 © > 0.1 0.2 
4 8.6 4 0.3 0.7 
“ 17.25 4 0.3 0.4 
шщ 62.5 қ. 0 0 0. 
4 8.6 ы 0.2 0.9 
2 46 Е 0.4 0.7 


GENERAL CONCLUSIONS 


. Regarding the three general methods of determining the tem- 

perature at the instant of shut-down, as mentioned in the 
“Abstract”, the following may be said of each: 

1. Cooling Curve Method. Practise has shown that generally 
this method is fairly reliable. In some cases, however, it is 
liable to error, due to the difficulty of being able to extrapolate 
back correctly. This is true when considerable time is required 
in obtaining the initial readings or when these first readings are 
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influenced by inductance in the windings. At any rate, com- 
mercially, this method is not always practical due to the in- 
creased time required. 

2. Arbitrary Correction. The advantages of this method 
are simplicity and ease of application. The disadvantage is 
that it is liable to error. Generally speaking, for maximum 
- rated water-cooled transformers, the copper loss will vary from 
about 6 to 25 watts per lb. If an arbitrary correction of sav 
2 deg. cent. per minute is adopted, the following errors (plus or 
minus) are liable to be had for this particular type of apparatus. 


Cooling in deg. cent. 


Minutes | by curves in Fig. 13 Cooling by 
after ————ÁÁM— arbitrary correc- Max. 
shut-down tion of 2 deg. cent error 
6 watts 25 watts per minute 
per lb. per lb. 
2 2.0 deg. 8.0 deg. 4 deg. 4 deg. 
4 3.5 deg. 12.5 deg. 8 deg. 4.5 deg." 


In cases where machines operate on short-time over-loads, or 
on duty-cycle operation, the error would naturally be greater 
than the above. | 

Again this method might put a premium on using high current 
densities. 

Providing the time does not exceed four minutes after the 
instant of shut-down, the following, however, seems to be about 
the general average rates of cooling for 


(a) Air-blast transformers (air shut off)........ 2 
(b) Distributing transformers (100 kv-a. and less) + 
(c) Self-cooled transformers (except (b) )...... 13 
(d) Water-cooled transformers................ 2“ 


44 “ “ “ 


66 66 66 


3. Calculation of Cooling. (By formula (8) or Бу curves in 
Fig. 13). The advantage of this method is that it is fairly 
reliable and simple in application. In order to apply the for- 
mula, it is necessary only to know the watts (К I? + eddy loss) 
рег 10. of copper. 

The disadvantage of this is that in order to apply the formula 
or curves (Fig. 13) plotted from the formula, the current density 
and eddy loss must be known, which cannot be determined by 
test. 
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| APPENDIX 
А.—Соошммс AFTER SHUT-DOWN WHEN Loss or HEAT IS 
PROPORTIONAL TO TEMPERATURE RISE 


Assuming that the cooling is proportional to temperature 
rise, the following equation results 


d 6 
oes 
The solution of this is 
012 бе?! (1) 
where 
9, = temperature rise at any time ё after shut-down. 
0, = temperature rise at shut-down. 
D = time constant. 


At the time of shut-down the rate of cooling in deg. cent. 
per minute of copper is 0.338 W., where W. is the watts per 
pound. Differentiating (1). 


1962 gg eni When t = o, ете 
- = В 0, = 0.338 W. 


Or 


8 0.338 W. _ initial rate of cooling 
0 initial temperature rise 


B.—CooriNc AFTER Знот-Оомм WHEN Loss or HEAT 15 Not 
PROPORTIONAL TO TEMPERATURE RisE 
For th s condition we have 


fe^ 


when / = 0, 0, — Ө. &С=0 
0,-т-ы - 0,771 ЭР Bt (1-п) 
Assuming that п = n oe 1.43 


0 1 2.33 
Е рат 3 
fes "+ 0.43 "| = 
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C.—SuRFACE Loss or Соп, WirH. RECTANGULAR (OR SQUARE) 


| CONDUCTOR 
Let И’, = Watts per sq. in. surface, (both sides). 
d = Depth of conductor in inches (bare). 
п = Number of conductors deep. | 
5 = Space factor = 5 
P = Width of conductor (bare) in inches at right angles 


to flow of heat. 


P, = Width of conductor (insulated) in inches. 
I = Current in amperes. 
22 I 
C = Current density in amperes per sq. in. = iP 
l = length of conductor. | 
| Loss in watts X s 
N OW ее 
Area of coil in sq. in. 
_ RPXS 
| 22Р] 
Based on 0.6935 microhm per 11. cube at 25 deg. cent., resist- 
ance of copper (conductor) — ог ohms per 1000 ft. 
dp 
length. 
0.008322 Р s 
Then | W, = ^ db | 
2p 12000 
Tee 


Multiplying and dividing by d 

8.47 х 10-7 ^ dms 

NU ын 

3.47 X 107 C? dns (4) 


W, = 


D.—WaATTS PER POUND or COPPER 


The weight in pounds of copper per 1000 ft. 
= 3858 X cross section in sq. in. = 3858 d p. 


ЕР | 
И = 385822 where R = resistance іп ohms рег 1000 ft. 
0.008322 I? 
E 2р 
wets 3858 d p 


= 2.16 х 10°C? (5) 


REPORT OF THE JOINT RUBBER IN SULATION 
COMMITTEE—1916 


PART I—GENERAL REPORT 


Need of Specifications 


1. A demand for specifications which will enable purchasers of rubber 
insulation for wire or cable to secure good material on the basis of com- 
petitive bids has existed for many years. 

2. In recent years, there has been no difficulty in securing insulation 
having the dielectric strength, specific resistance, elasticity and mechanical 
strength required in practise. Indeed, with the possible exception of 
dielectric strength, these qualities are usually in excess of actual service 
requirements. There is another quality, namely, permanence, which 
although equally essential, has not been so easy to obtain. 

3. While the physical properties of rubber insulation are susceptible 
of positive determination by tests which can be made before acceptance 
by the purchaser, the permanence of insulation can be ascertained with 
certainty only by actual trial, often at great loss, inconvenience and even 
danger. It should, therefore, be the aim of specifications to overcome 
this difficulty and by some indirect means, ensure that the manufacturers 
supply compounds having the required endurance. 

4. This obviously presents a difficult problem, as it requires that some 
relation be established between permanence and one or more of the proper- 
ties which are susceptible of test. It has been established by experience 
that Hevea rubber or the rubber of the Hevea Brasiliensis tree, when 
properly cured is a superior grade which is entirely satisfactory for elec- 
trical insulation of the class under consideration. Hevea rubber may, 
therefore, be specified with advantage, although certain other rubbers 
of good quality may thereby be excluded. The rubber has to be Hevea 
rubber of good quality, the materials associated with it in the compound 
must be known to be non-deleterious and the compound itself must be 
well prepared, applied and vulcanized. 


Types of Specifications 

5. Two types of specifications have been devised to compass these re- 
strictions. The first type of specification proceeds on the assumption 
that certain physical characteristics are developed to an unusual degree 
by the use of Hevea rubber, especially the grade known as fine Para. 
Among the qualities affected by the grade of rubber, and alleged to be 
useful indications of the presence of Para rubber, are the tensile strength, 
elasticity and specific electrical resistance. Accordingly some specifica- 
tions have been issued in which one or more of these qualities is specified 


This report has been approved by the Standards Committee, and is published by order 
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in an exaggerated degree. Experience has shown that such specifications 
are ineffective, as the specified physical quality can be obtained either by 
manipulation of poor compounds or at the expense of permanence in 
compounds made originally of good materials. In consequence of this, 
specifications based exclusively on physical tests have fallen into disrepute, 
but such tests now serve in modified form as adjuncts to other types of 
specifications. 

6. The second type of specification to be considered is that in which a 
more or less rigid formula for the compound is specified and compliance 
with it exacted either by inspection during manufacture, or by chemical 
analysis supplemented by other tests of the finished product. Inspection 
which will really ensure compliance with such specifications is usually 
impracticable. Reliance must, therefore, be placed principally upon 
chemical analysis. Three difficulties at once arise. In the first place 
chemical analysis cannot directly ascertain the quality of the rubber 
which has been used in the manufacture of a compound; it can only 
determine quality by the indirect method of measuring certain charac- 
teristic constituents. It is, therefore, necessary to present in the speci- 
fication, a relation between the desired formula and the chemical findings. 
The second difficulty is that in the past, chemists have employed diverse 
methods of analysis which give inconsistent results. It is, therefore, 
necessary to establish a satisfactory and standard procedure for analysis. 
The method of analysis must not only yield the information desired, but 
. it must also be practical and capable of yielding uniform results when 
applied to the same compound by different chemists. In order to secure 
this uniformity, it 15 important to describe the methods of analysis іп de- 
tail. Тһе third difficulty has been the non-uniform interpretation of 
analytical results. | 

4. Тһе specification hereinafter presented is of the second or chemical 
type, in which an endeavor has been made to meet the three objections 
hitherto urged against such specifications. It contains a table showing 
the range of analytical results that should be obtained from a good сот- 
pound containing 30 per cent of high class Hevea rubber, and 1$ supple- 
mented by a detailed analytical procedure. The specification 1s not com- 
plete as given, it being necessary to add appropriate electrical and mechan- 
ical test requirements. Examples of complete rubber insulation speci- 
fications are cited in Part VI. of this report. 

8. Тһе specification should always be used in conjunction with the 
analytical procedure. Тһе latter will, however, serve for the analysis of 
any compounds of the 30 per cent Para type with mineral fillers, provided 
the interpretation is made to correspond. 


History of Committee 


9. Тһе necessity of purchasing insulated wire under conditions of com- 
petitive bidding led the various departments of the government, the rail- 
roads and other large consumers, to issue specifications for rubber insula- 
tion. These specifications were based upon the individual experience or 
theories of a number of engineers, aided by suggestions from some of the 
manufacturers. For several years no attempt was made to standardize 
these specifications, and much trouble was given to the manufacturers by 
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the diversity of requirements contained in them. Іп 1906, the Rubber- 
Covered-Wire Engineers' Association, consisting of representatives of the 
leading manufacturers, prepared a specification which was offered as a 
standard. This was followed in 1911 by the revised specifications of the 
National Board of Fire Underwriters, which, however, call for a compara- 
tively low grade of compound. The former specification, although the 
best that could be agreed upon at that date, was so defective as to afford 
little or no protection to consumers. ' The latter occupies a field by itself, 
and makes no pretension to specifying the highest quality of compound. 
Consumers desiring high grade insulation of great permanence, therefore, 
continued to use their own specifications, altering them from time to time, 
in accordance with the best information available, with a growing tendency 
to rely upon chemical rather than physical tests. Some difficulty was 
experienced both in obtaining bids and in enforcing these specifications 
owing to the inability of chemists to make concordant analyses of rubber 
compounds. This matter reached an acute stage in 1911, when a number 
of manufacturers and consumers held a conference in order to discuss 
the possibility of standardizing specifications and analytical methods 
for rubber insulation. This conference was held at New York on the 
seventh of December, 1911, Col. Samuel Reber of the U. S. Signal Corps 
presiding.* Тһе following interests were represented: 


Signal Corps, U. S. Army, 
American Chemical Society, 
Lederle Laboratories, 

New York Central Lines, 
Pennsylvania R. R. Co., 

General Electric Co., 

Hazard Manufacturing Co., 
Simplex Wire & Cable Co., 
Standard Underground Cable Co. 


10. After a full discussion of the subject, a committee was appointed 
to devise a specificatión and an analytical procedure for rubber insulation, 
the committee to report at a future conference. The chairman, assisted 
by other members, appointed the following to serve upon this committee 
which was named “Тһе Joint Rubber Insulation Committee.”’ 


C. R. Boggs, Simplex Wire & Cable Co., 

W. S. Clark, General Electric Company, 

W. А. Del Маг, М. Y. C. К. R. Co, (later Interborough Rapid 
Transit Co.) 

У. B. Geiser, М. Y. С. В. Е. Co., 

J. P. Millwood, Consulting Chemist, 

P. Poetschke, Lederle Laboratories, 

H. B. Rodman, Pennsylvania R. R. Co. 


Later, at the request of the committee and by unanimous consent of the 
members of the original conference, the following were added: 
J. B. Tuttle, U. S. Bureau of Standards, 
E. L. Willson, Hazard Manufacturing Company. 


* The invitations were issued by Mr. E. B. Katte, Chief Engineer of Electric Traction, 
of the New York Central R. R. Co. 
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11. W. A. Del Mar was elected secretary of both the Conference 
Committee and of the Joint Rubber Insulation Committee. No perma- 
nent chairman was elected, it being left to the committee to elect a chair- 
man at each meeting. 

12. Тһе committee immediately upon its formation decided to confine 
itself to the development of a specification and an analytical procedure for 
compounds of the 30 per cent Para type. In accordance with this policy 
it made a study of the chemical characteristics of Hevea rubber and of the 
available analytical procedures. New procedures were also developed and 
. studied. Samples of different rubber compounds were analyzed by these 
tentative methods. Тһе results were unsatisfactory and the discrepancies 
were investigated. Sub-committees were formed to do much of this work. 
Twelve regular committee meetings, besides numerous sub-committee 
meetings, were held; many different compounds were distributed to be 
analyzed by the entire committee, and others were experimented upon 
by the sub-committees and individual members. 

13. After two years of this work the committee presented a preliminary 
report to a second conference which was held at New York on October 
15th, 1913, Col. Reber again presiding. The report was unanimously 
accepted by the conference and the committee authorized to continue 
in existence for another year for the purpose of making any revisions 
that might appear necessary in its report, as the result of a year of ex- 
perience with it. 

14. The committee was also authorized to publish the preliminary 
report. This was accomplished through the courtesy of the American 
Chemical Society, the American Institute of Electrical Engineers, and 
the U. S. Bureau of Standards; the report appearing in their official 
publications, the Journal of Industrial and Engineering Chemistry, 
(January 1914), the Proceedings of the American Institute of Electrical 
Engineers, (January 1914), and Bureau of Standards Circular No. 38, 
respectively. 

15. Instead of reporting in a year, the committee found it necessary to 
devote nearly three years to this work, holding 13 additional meetings, 
or a total of 25 general meetings exclusive of sub-committee meetings. 

16. The committee was authorized, at the second conference, to in- 
crease its personnel without securing the approval of the Conference 
Committee. It has added the following chemists to its membership: 

A. E. Ellis, Interborough Rapid Transit Co., New York, 
G. d'Eustachio, Standard Underground Cable Co., 

E. W. Gundy, Pennsylvania R. R. Co., 

С. W. Walker, American Steel & Wire Co., 

C. F. Woods, A. D. Little Co., Inc., Boston. 

17. Тһе following resignations have been accepted since the second 
conference: | 
J. P. Millwood, s 

P. Poetschke. 

Mr. Geiser also resigned, due to stress of other work, but has been re- 
elected. | | 

18. Тһе Joint Rubber Insulation Committee's specification for rubber 
insulating compound has been adopted by the principal engineering so- 
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cieties which issue standards of the kind. Among these are the American 
Electric Railway (Engineering) Association, the Association of Railway 
Electrical Engineers and the American Society for Testing Materials. 
The specification has also been adopted by a large number of important 
purchasers of insulated wire, including The U. S. Signal Corps, the Panama 
Canal, the New York Central R. R. Co., the Interborough Rapid Transit 
Co., the Public Service Corporation of New Jersey, etc. 

19 The committee also desires to express its thanks to the many 
gentlemen not members, who have actively participated in the work, 
especially to Messrs. F. S. Deemer, F. A. Hull, M. M. Kahn, C. B. Martin, 
G. H. Savage, J. F. Tinsley and D. Whipple. 


Part II—SPECIFICATION FOR 30 PER CENT HEVEA RUBBER COMPOUND 
(CHEMICAL CLAUSES) 


1. A 30 per cent fine Para or best quality plantation Hevea rubber 
compound with mineral fillers, shall be furnished. It shall contain only 
the following ingredients: | 

Rubber, 

* Sulphur, 
Inorganic mineral matter, 
Refined solid paraffine or ceresine. 

2. Тһе vulcanized compound shall conform to the following require- 
ments, when tested by the procedure of the Joint Rubber Insulation Com- 
mittee, results being expressed as percentages by weight of the whole 
sample: 

Requirements Independent of the Amount of Rubber Found 
Maximum Minimum 


ВОВЕ retire Moe tue RE db s 33 30 
Waxy hydrocarbons................... 4 
Free sülphüf ага шал ааг эн 0.7 


Red lead, carbon, or organic fillers shall not be present. 


Requirements Dependent Upon Amount of Rubber Found. 
(Requirements for intermediate percentages shall be in proportion to 
the percentage of rubber found). 
Limits allowed for 30 per cent Rubber Compound Maximum Minimum 


Saponifiable acetone extract............. 1.35 0.55 
Unsaponifiable resins.................. 0.45 
Chloroform extract.......... Нээсэн 0.90 
Alcoholic potash ехїтасї............... 0.55 
Total sulphur (see note 2).............. 2.10 ТҮ? 
Specific ргауцу....................... ids 1.75 
Limits allowed for 33 per cent Rubber 
: Compound. 
Saponifiable acetone extract............ 1.50 0.60 
Unsaponifiable геѕіпѕ.................. 0.50 
Chloroform ехігасі.................... 1.00 
Alcoholit potash extract............... 0.60 
Total sulphur (see note 2).............. 2.30 


Specific gravity. ое SRM 1.67 
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3. Тһе acetone solution shall not fluoresce. 

4. Тһе acetone extract (60 cu. cm.) shall be not darker than a light 
straw color. 

5. Hydrocarbons shall be solid, waxy and not darker than a light 
brown. | 

6. Chloroform extract (60 cu. cm.) shall be not darker than a straw 
color. . 

7. Failure to meet any requirement of this specification will be con- 
sidered sufficient cause for rejection. 

8. Contamination of the compound, such as by the use of impregnated 
tapes, will not excuse the manufacturer from conforming to this specifica- 
tion. | 


Note: 1— This specification shall be supplemented by appropriate clauses relating to 
tensile strength, elasticity, electric insulation resistance and dielectric strength. (Зее the 
Wire and Cable specifications of the American Society for Testing Materials, the Associa- 
tion of Railway Electrical Engineers etc., for examples of such clauses.) 

Note 2:— The limit on total sulphur may be omitted at the option of the purchaser. See 
Part IV, of Report. 


PART III—ANALYTICAL PROCEDURE ө 


Object of the Analysis 


1. The object of this procedure of analysis is to determine whether 
rubber compounds comply chemically with the accompanying specifica- 
tion which is intended to secure compounds containing 30 per cent of the 
best Hevea rubber, and mineral fillers. 


Outline of Procedure 
- 2. The general procedure is shown by the accompanying Diagram А. 


General 


3. Make the analysis upon the insulation after vulcanization and, 
whenever possible, before the saturation of the braid. Wipe the insula- 
tion thoroughly with a damp cloth to remove any adhering material, but 
do not remove waxy hydrocarbons from the surface. 

4. If, however, a saturated braided sample must be used, remove the 
braid and sandpaper the insulation to a depth of at least 0.005 of an inch 
and wipe with a damp cloth. The latter procedure, however, is not to be 
recommended, as it may cause an appreciable error in the acetone extract. 
In such cases report the condition of the sample. 

5. Perform all determinations in duplicate and take the average value 
arbitrarily as the true value. Duplicate determinations must check 
within the limits specified. | 

6. Make blanks on all determinations and deduct the results accord- 
ingly. 

Sam ple 

7. Remove the insulation entirely from sufficient wire to give a sample 
weighing about 25 grams. Cut this into small pieces* and grind slowly in 
either a No. 0 Enterprise coffee mill or a mill such as shown by the accom- 
panying Diagram B. Adjust the grinder so that not more than 20 per 
cent will pass through a 40-mesh sieve. Sift all the material through a 


ж This is most conveniently done with a meat-chopper. 
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20-mesh sieve, regrinding what is retained on the sieve until the entire 
sample has passed through. The wires of the sieves shall be evenly 
spaced in both directions and shall be of 0.016 and 0.010 inches diameter 
in the 20- mesh and 40-mesh sieves respectively. Remove with a strong 
magnet any metal that may have come from the grinder and thoroughly 
mix the sample. 

Extraction Apparatus 


8. The extraction apparatus shall conform with the accompanying 
Diagram C. It shall be heated so that the period of filling an empty 
syphon cup with acetone and completely emptying it. will be between 
two and one-half and three and one-half minutes. 


Preparation of Reagents 


9. Acetone shall be freshly distilled over anhydrous potassium car- 
bonate using the fraction 56-57 deg. cent. 


Two 2 gtm. Samples of Rubber 
(Маке Acetone Extractions) 


Acetore Extract ite tedi Ressdue 
(Сарог Яу wih КОН) (Make Chloroform Extractions) 
Ursapenfrable Material Alkali Soluble Acetone Сего" т Residues (United) 
"*Dissolve in Alcohol Extract Extract (Saponify wth KOH) 
| (Treat with KNO,N pore ) 
Insoluble Soluble Free ке сы: Saponifiable Extract Residue 
Hydrocarbons Unsaponifiable Sulphur Acetone (Treat with НСІ and Ether) (Treat wth НСІ and Heat) 
А Matenai Extract 
Treat mth ССІ,4 Н>5 04 
Hydrocarbons Unsaponifiable Residual KOH Extract Insoluble Soluble 
8 Resins Soiutron tWash and Dry) (Reserve for 
Total Waxy Hydrocarbons- A+B с Organic Test) 
(Dride in two parts) 
0 G 
(ignite) Sulphur 
E H 
Weigh Substances with Names Underlined (Sulphur) 
Other Substances by Drfference ' F 


DIAGRAM A—OUTLINE OF METHOD OF RUBBER ANALYSIS 
EXCLUSIVE OF TOTAL SULPHUR DETERMINATION 


10. Alcoholic potash solution shall be of normal strength and shall be 
made -freshly by dissolving the proper amount of potassium hydrate 
(purified by alcohol), in 95 per cent alcohol which has previously been 
distilled over potassium hydrate. The solution shall be allowed to stand 
for 24 hours and only the clear liquid used. 

11. Ether shall be washed with three successive portions of distilled 
Water and distilled, using the fraction 34-36 deg. cent. 

12. Chloroform shall be shaken with water, dried by calcium chloride, 
decanted, and freshly distilled, only the clear distillate being used. 

13. Carbon tetrachloride shall be pure and freshly distilled. 

14. The nitric acid bromine reagent shall be prepared by adding a 
considerable excess of bromine to the concentrated nitric acid shaking 
thoroughly and allowing it to stand for some hours before using. 

15. Тһе fusion mixture for sulphur determinations shall be made by 
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mixing equal quantities of sodium carbonate and powdered potassium 
nitrate. 

16. Тһе barium chloride solution shall be made by dissolving 100g. of 
crystallized barium chloride in one liter of distilled water and adding two 
or three drops of concentrated hydrochloric acid. If there is any insoluble 
matter or cloudiness, the solution shall be heated on a steam bath over- 
night and filtered through 589 S. and S. blue ribbon filter paper. 

17. Distilled water only shall be used in preparing solutions and in all 
washing operations. Reagents not otherwise specified shall be of a ''c.p. 
tested” quality. 

Acetone Extract 

18. Extract continuously with 60 cu. cm. acetone for eight hours, two 
2-g. samples that have been prepared within 24 hours. Unite the extracts 
in a weighed flask, using hot chloroform to rinse the flasks. Distill off 
the reagents and dry the flask and contents for four hours at 95-100 deg. 


-----------24.74 cm. 9.52 end 


Grinding plates of the No. 0 Enterprise 
Coffee Mill to be used 


DIAGRAM B—RUBBER GRINDER 


cent. Desiccate until cool and weigh. Continue to dry for two-hour 
periods until constant weight is obtained. In drying, place the flask on 
its side but at a sufficient angle from the horizontal so that the extract 
does not appreciably run down the side of the flask. 


Unsaponifiable Material 


19. Add to the acetone extract 50 cu. cm. alcoholic potash solution, 
boil under a reflux condenser for two hours, and evaporate on a water 
bath until all alcohol is removed. Add 10 cu. cm. water and 20 cu. cm. 
ether; heat until the wax etc. are in solution, cool, transfer to a separatory 
funnel, wash out the flask with warm water, cool and finally wash with 
two 20 cu. cm. portions of ether. The water volume should be 100 cu. cm. 
and the ether at least 40 cu. cm. Shake vigorously for two minutes, and 
allow the solutions to separate thoroughly. Draw off the aqueous solu- 
tion into a second funnel, leaving in the first funnel the ethereal solution 
and any flocculent material that may be present. Again rinse the flask 
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with 20 си. cm. ether and add it to the aqueous solution; shake vigorously 
for two minutes, and when separated draw off the aqueous solution and 
unite in the first funnel the ethereal solutions and any flocculent material. 
Repeat, shaking with 20 cu. cm. portions of ether, until no residue is 
obtained on evaporating a 20 cu. cm. portion. The aqueous solution and 
subsequent washings shall be reserved for the free sulphur determination. 
Wash the flask and the funnel, from which the ethereal solution has been 
_ taken, with water, until they are free from alkali. Wash the ethereal 
solution with water until it has been washed twice after the wash water 
shows no alkaline reaction. Retain with the ethereal solution any floccu- 
lent material. Filter the ethereal solution from the flocculent material, 


170 mm. 


Filter Paper Thimble which 


Assay Flask 


i 


E 
E 
N 
N 


has been extracted with 
Acetone and Chloroform 


80 mm. 
DIAGRAM C—RUBBER ANALYSIS EXTRACTION APPARATUS 


through a small pellet of extracted cotton, into a weighed flask, washing 
first with ether and subsequently with hot chloroform, using this to rinse 
the original flask and both separatory funnels. Evaporate the solvents 
and dry the extract at 95-100 deg. cent.; cool in a desiccator and weigh. 
Continue to dry until constant weight is obtained. 


Hydrocarbons A 


20. Add 50 cu. cm. absolute alcohol to the unsaponifiable material and 
warm until solution is as complete as possible. Cool the solution to —4 or 
-ő deg. cent. and maintain at this temperature for one hour by packing 
the flask in a mixture of ice and salt. Filter out the waxy hydrocarbons, 
using a funnel packed with ice and salt, and apply suction if necessary. 
Wash the flask and filter with about 25 cu. cm. of 95 per cent alcohol, 


380 REPORT OF THE JOINT 


which has been previously cooled in the same temperature. Catch the 
filtrate in a flask which 1$ afterwards cooled to --4 to -5 deg. cent. to make 
sure that all possible waxy hydrocarbons have been removed, and refilter 
if necessary. Dissolve the residue on the filter paper with hot chloroform, 
into the original flask. Evaporate the chloroform and dry the flask at 
95-100 deg. cent.; cool in a desiccator and weigh. Continue to dry until 
constant weight is obtained. 


H ydrocarbons B 


21. Evaporate the alcohol from the flask containing the alcohol-soluble 
unsaponifiable material, add 25 cu. cm. of carbon tetrachloride, and 
transfer to a separatory funnel. Shake with concentrated sulphuric acid, 
drain off the discolored acid and repeat with fresh portions of acid until 
there is no longer any discoloration. After drawing off all the acid, wash 
the carbon tetrachloride solution with repeated portions of water until all 
traces of acid are removed. Transfer the carbon tetrachloride solution to 
a weighed flask; evaporate off the solvent and dry the flask at 95-100 deg. 
cent.; cool in a desiccator and weigh. Continue to dry until constant 
weight is obtained. 

Free Sulphur 

22. Add two grams potassium nitrate to the aqueous solution and 
washings from the ethereal separation of the unsaponified material. Evapo- 
rate to dryness in a silver or nickel dish and heat to quiet fusion, avoiding 
contamination with sulphur fumes. Transfer with cold water to a beaker, 
neutralize with hydrochloric acid; add 2 cu. cm. concentrated hydrochloric 
acid; filter and wash, making a volume of 200 cu. cm. Heat to boiling 
and add slowly a slight excess of hot barium chloride solution. Allow to 
stand over night, filter, wash, ignite, weigh the barium sulphate and cal- 
culate to sulphur. 


Definition of Terms Describing Components of Acetone Extract 


23. The difference between the acetone extract and the free sulphur 
shall be called the Organic Extract. 

24. The difference between the organic extract, and the unsaponifiable 
material shall be called the Saponifiable Acetone Extract. 

25. The sum of the hydrocarbons A and B shall be called the total 
Waxy Hydrocarbons. 

26. The difference between the unsaponifiable material and the waxy 
hydrocarbons shall be called Unsaponifiable Resins. 


Chloroform Extract 


27. Extract continuously, the residues from both of the acetone extrac- 
tions (without necessarily removing the acetone that may be on them), 
for four hours with 60 cu. cm. chloroform. Unite the extractions in a 
weighed flask, using hot chloroform to rinse the flasks. 10151111 off the 
solvent and dry the flask and contents for two hours at 95-100 deg. cent. 
Cool in a desiccator and weigh. Continue to dry for one-hour periods 
until constant weight is obtained. In drying, place the flask on its side 
but at a sufficient angle from the horizontal so that the extract does not 
appreciably run down the side of the flask. (If it is needful to wait after 
the acetone extraction, before starting the chloroform extraction, the 
sample must be kept in a vacuum of at least 50 mm. of mercury.) 
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Alcoholic Potash Extract 


28. Dry the residues from the chloroform extractions at 50-60 deg. 
cent. until the odor of chloroform can no longer be detected; unite the 
residues from the two 2 g. samples in a 200 cu. cm. Erlenmeyer flask. Add 
100 cu. cm. alcoholic potash solution and boil for four hours under a reflux 
condenser. Filter the solution by decantation through an 11 cm. hardened 
filter paper into a beaker and wash twice, using each time 25 cu. cm. hot 
absolute alcohol and then wash thoroughly with hot water. Wash any 
rubber on the filter paper back into the original flask and reserve this for 
the determination of rubber hydrocarbons. Evaporate the solution to 
approximate dryness, take up in warm water and transfer to a separatory 
funnel. Acidify with 30 cu. cm. of 5 N hydrochloric acid, using this to 
rinse the beaker. Add sufficient water to make the bulk of the solution 
100 cu. cm. When cool add 40 cu. cm. ether, using it to rinse the beaker 
in 20 cu. cm. portions. Shake the aqueous and ethereal solutions thor- 
oughly. After complete separation, draw off the aqueous solution and 
treat in another separatory funnel, with a fresh 20 cu. cm. portion of 
ether. Continue to shake the aqueous solution with fresh portions of 
ether until a colorless portion has been obtained, then shake out twice 
more. Unite the ethereal solutions and wash with successive additions 
of water, continuing twice after the water shows no acid reaction. Filter 
through a plug of extracted cotton into a tarred flask, wash the filter and 
funnel with ether, evaporate the ether without boiling and dry the residue 
at 95-100 deg. cent.; cool in a desiccator and weigh. Continue to dry until 
constant weight is obtained. 


Rubber Hydrocarbons 


29. Add to the flask containing the rubber residue f:om the alcoholic 
potash extraction, sufficient water to make the total volume of the solution 
125 cu. cm. and then add 25 cu. cm. concentrated hydrochloric acid. Heat 
for an hour at 97-100 deg. cent. Decant the supernatant liquid through a 
hardened filter paper on a Buchner funnel 7 cm. diameter, using suction; 
wash the residue with 25 cu. cm. hot water and decant. (While a Buchner 
funnel is recommended, it is permissible to use an 11 cm. hardened filter 
paper with platinum cone, in a 60 deg. funnel). Perform this entire treat- 
ment with water and hydrochloric acid, three times and save the first and 
second decantations for the "organic matter” test described in section 36. 
The rubber at this stage should be white and practically free from black 
specks of undissolved fillers; if not, continue the acid treatment until the 
black specks disappear. (If carbon is present, all the particles of rubber 
will be greyish, bluish, or black, depending on the form and quantity of 
carbon used. Black specks in light particles of rubber usually indicate 
the presence of lead sulphide which must be removed to prevent the forma- 
tion of lead sulphate on igniting the residue C.) Add 150 cu. cm. hot water 
to the flask and let stand on a steam bath or hot plate for half an hour and 
decant through the filter paper. Return to the flask any rubber that goes 
on the filter paper. Repeat until the washings are free from chlorides. 
(See section 36). Transfer all the rubber in the flask to the filter paper 
and dry as much as possible by suction. Wash the rubber with 50 cu. cm. 
of 95 per cent alcohol, using suction. Transfer the entire residue to а 
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weighing bottle. Dry at 95 to 100 deg. cent. for an hour, cool in a vacuum 
dessicator under reduced pressure and weigh. Dry for a half hour, cool 
and weigh, repeating this process until either constant weight is reached 
or the weight starts to increase. Let this weight be represented by C. 
On a portion D of this residue C determine the ash E according to section 
30 and the sulphur Fin the ash E. Determine the sulphur Н in another 
portion G of residue C. Make all sulphur determinations as described 
under Total Sulphur. 

30. Place about 0.5 р. of residue C into a weighed porcelain crucible. 
Let the weight of residue be represented by D. Heat gently, gradually 
driving off the volatile matter. When the crucible has ceased to smoke, 
raise the temperature gradually to between 450 and 500 deg. cent. until 
all organic matter has been burned away, which is usually indicated by the 
ash becoming white. (An electric muffle furnace with pyrometer is recom- 
mended for this purpose). Cool in a desiccator and weigh, the weight of 
ash being represented by E in the formula for rubber hydrocarbons. 
Make sulphur test on ash by the method described under Total Sulphur. 
If, however, 50 X C X E is not over unity, the determination of sulphur 
in the ash may be omitted and F assumed to be zero. 

Then, 


100 C E-F H 
Rubber Hydrocarbons = 1 ]— ——— — — 


expressed as a percentage of the total sample. 


Total Sulphur 


3l. Place a 0.5g of rubber in a porcelain crucible of about 100 cu. cm. 
capacity. Add 20 cu. cm. nitric-acid-bromine reagent, cover the crucible 
with a watch glass, and allow to stand for one hour. Heat very carefully 
for an hour, remove the cover, rinsing it with a little water, and evaporate 
to dryness. Add 5g. of the KNO; — NaCO; fusion mixture, and 3 to 4 cu. 
cm. of distilled water. Digest for a few minutes, and then spread the 
mixture half way up the side of the crucible to facilitate drying. Dry 
on а steam bath or hot plate. Fuse the mixture, using a sulphur-free 
flame until all the organic matter has been destroyed and the melt is quite 
soft. Allow to cool, place the crucible in a 600 cu. cm. beaker, and cover 
with water. Digest three or four hours on the steam bath. Filter into an 
800 cu. cm. beaker, washing thoroughly with hot water. The total volume 
should be about 500 cu. cm. Allow to cool, add 7 to 8 cu. cm. concen- 
trated hydrochloric acid to the filtrate, and heat on the steam bath. Тез 
the solution for acidity with congo paper and add 10 cu. ст. of hot barium 
chloride solution. Allow to stand over night, filter, wash, weigh the bar- 
ium sulphate, and calculate to sulphur. 


Specific Gravity 


32. Тһе specific gravity shall be the ratio of the weight of a given 
volume of the compound, to the weight of an equal volume of water; 
both at 20 deg. cent. Cut strips of the largest practicable size from the 
conductor and use about 5 р. for the sample. Determine the specific 
gravity in the usual manner by means of a specific-gravity bottle. Care 
must be taken that no air bubbles adhere to the sample. 
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Checks 
33. Specific gravity determinations shall check within 0.01. Тһе 
other duplicate determinations shall check within the following limits 
expressed as percentages of the original sample. 


Determination Check 
Acetone Extract.c оо баз Уа анадан 0.10 
Saponifiable Acetone Ехігасб......................... 0.10 
Unsaponifiable ЕБевіпв............................... '0.10 
Waxy Нуйагосагһопв.............................. .. 0.10 
Free Sul Nf. cu sw ама ози ERUNT b o ET ers 0.05 
Chlöroform Extracte р ооо ан RR e e es 0.10 
Alcoholic Potash Ехітасб............................ 0.10 
Rubber НуйягосагЬопв............................... 0.20 
Total оир 52 2 сэ coner а оны 0.10 

Interpretation 


34. The percentage of rubber shall be considered to be the sum of the 
rubber hydrocarbons, saponifiable acetone extract, unsaponifiable resins, 
chloroform and alcoholic potash extracts, expressed as percentages. If 
the chloroform extract is over 3.0 per cent of the rubber so calculated, 
subtract the excess from the rubber. If the alcoholic potash extract is 
over 1.8 per cent of the rubber, as first calculated, subtract this excess 
also from the rubber. 

Red Lead 


35. Dissolve 1 р. of the sample іп 75 cu. cm. Xylol at a temperature 
of about 100 deg. cent. When the rubber is dissolved, the absence of any 
red particles indicates the absence of redlead. If red particles are present, 
filter the solution into a Gooch crucible and wash thoroughly with benzol, 
acetone and alcohol successively. Remove the felt and residue to a dis- 
tilling flask, add 25 cu. cm. 10 per cent hydrochloric acid, and distill over 
the chlorine liberated by the lead peroxide, absorbing the gas in a solution 
of potassium iodide and starch. Моб more than 0.1 cu. cm. of 0.1 М 
thiosulphate shall be required to titrate the iodine liberated. 


Organic Fillers. 


36. Transfer the first and second decantations of the hydrochloric 
acid solutions to a carefully cleaned porcelain dish and add 20 cu. cm. 
concentrated sulphuric acid. Place dish on steam bath or hot plate to 
drive off water and hydrochloric acid. A pronounced charring of the 
residue indicates the presence of organic matter soluble in water or hy- 
drolyzed by hydrochloric acid. 

Examine filter paper and rubber while decanting acid solution and again 
while washing free of chlorides. Some types of organic fillers not removed 
by water and hydrochloric acid, would be plainly visible at this point. 

Place a small portion of residue C under a microscope and examine for 
fibrous and other characteristic organic material. If organic fillers are 
indicated and not clearly proven by this test, place 1 g. of the organic 
sample in a beaker, add 75 cu. cm. Xylol and heat on hot plate until the 
rubber is dissolved. Decant Xylol solution and wash residue with ether 


384 REPORT OF THE JOINT 


several times by decantation. Dry residue and examine under the micro- 
scope. 
Statement of Results 
37. The results of the analysis shall be stated in the following form: 
per cent 
Acetoneextract. ia ons edet ee Roe Vd ЕРИ RR et 
Saponifiable acetone ехігасі........................... 
ОпзёрошвВаЫе гевіпв................................. 
Waxy һуяагосагВопв.................................. 
Pree SU DhU 12. оо а UR E dm 
Chloroform ехігасі................................... 


Color of acetone extract (60 cu. cm. vol.)............... 
Fluorescence in acetone extract solution (present or absent) 
Hydrocarbons A (consistency and color) 
Hydrocarbons В (solid or Паша)...................... 
Color of chloroform extract (60 cu. ст. vol.)............ 
Carbon (present or аБвеп4)............................ 
Organic fillers (present or аһвеп4)...................... 
Red lead (present or абѕепё).......................... 
Specific тау буе е hs ote dard ЕС accu Mns 
Sample braided or поб................................ 


PART IV—EXPLANATION OF SPECIFICATION 


]. Experience has shown that compounds of the grade which contains 
only good Hevea rubber, may be relied upon to be more permanent than 
those made of rubber of other grades. .It is not affirmed by the com- 
mittee that a compound which conforms with this specification, is neces- 
sarily permanent, or that a better compound cannot be made, but it is 
believed that enforcement of the specification will limit the use of inferior 
materials and that it will put the manufacturers more nearly upon an 
equality of endeavor, where they can use their experience to obtain the 
best results. Used in connection with the analytical procedure, the 
specification will enable purchasers to order a good compound and to 
ascertain with a greater certainty than heretofore, whether the material 
received, represents the compound specified. 

2. Тһе term Hevea applied to rubber means rubber from the Hevea 
Brasiliensis tree whether wild or cultivated and regardless of the locality 
in which it has been grown. Para rubber is Hevea rubber, of the kind 
originally shipped from the port of Para, Brazil, and comes in several 
grades. The rubber required by this specification should be Hevea rubber 
of good quality, such as fine Para or best quality plantation rubber. 

3. Carbon is excluded not only because it is considered, by some 
purchasers, to be deleterious, but because it interferes with the СОЕ 
tion of rubber hydrocarbons. 

4. Red lead is excluded because of the ВЕ of its eclererious 
effects on the rubber. 
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5. Ozokerite is prohibited because the acetone extract obtainable from 
it interferes with the separation of the acetone extract obtainable from the 
rubber, thereby vitiating the assay of the rubber extract. This prohibition 
is unimportant to the manufacturers, as ceresine, which is permitted, is 
the essential constituent of ozokerite. 

6. An upper limit is placed upon the rubber in order to prevent the 
attainment of electrical and mechanical strength by the use of an extra 
_ quantity of inferior rubber whose lasting qualities might not be satisfac- 
- tory. 

7. The hydrocarbons are limited owing to their tendency to separate 
from the compound and thus possibly cause porosity. 

8. The free sulphur is limited because an excessive amount may be 
deleterious. 

9. The maximum limit on the saponifiable acetone extract is to prevent 
the use of raw or reclaimed rubber with high saponifiable extract. The 
minimum limit assists in forcing the use of Hevea rubber, since it is 
characteristic of the acetone extract from Hevea rubber to be largely 
saponifiable. 

10. The unsaponifiable resins are limited because a low proportion of 
unsaponifiable resins is characteristic of Hevea rubber. A high result 
might be due to the presence of reclaimed rubber. 

11. The chloroform extract is limited, first to prevent the use of bi- 
tuminous substances, and second, to limit depolymerized and undercured 
rubber. 

12. "The alcoholic potash extract is limited to prevent the use of saponi- 
fiable rubber substitutes. 

13. Тһе specific gravity is limited to reconcile the specification of in- 
gredients by weight with the practise of purchasing material by volume. 

14. Fluorescence of the acetone solution is prohibited as it indicates 
the presence of bituminous substances, rosin oil, or mineral oils. 

15. Тһе color of the acetone extracts is specified to conform with the 
normal color of the extract from Hevea rubber. А darker color indicates 
adulteration or an inferior grade of rubber. 

16. The hydrocarbons are required to be solid in order to prevent the 
use of oils and paraffine of low melting point. The shade required is that 
obtained from paraffine wax or ceresine. If hydrocarbons B are liquid 
this would indicate reclaimed rubber softened with mineral oil, or paraffine 
of low melting point. 

17. Тһе color of the chloroform extract is specified to өнд with the 
color of dissolved gum in minute quantities. The presence of bituminous 
substances would be indicated by a brown or black color. 

18. It would be desirable that the sulphur of vulcanization be limited 
to exclude reclaimed rubber, which contains the sulphur of its previous 
vulcanization, but the committee has not yet developed an acceptable 
method for determining this quantity. It is, therefore, confronted with 
the choice of either placing a limit on the total sulphur or giving up the 
attempt to exclude shoddy by sulphur limitation. Option is therefore 
given to the purchaser to insert or omit the limit on total sulphur. Such 
insertion will at times exclude reclaimed rubber and the committee believes 
it possible to make a suitable compound with this limitation. The com- 
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mittee thinks that a sulphur limit positively excluding reclaimed rubber, 
would place too great a hardship, in other ways, on the manufacturers. 
Where the specification is used with no total sulphur limit, the use of many 
kinds of, or much, reclaimed rubber, will be guarded against by the limits 
of the various components of the acetone extract. When the limitation on 
total sulphur is omitted, sulphur-bearing fillers, which possess certain 
advantages, may be used. 

19. This specification should be supplemented by appropriate elastic- 
ity and tensile strength tests, in order to add to the assurance that good 
rubber has been used and that the vulcanization process has been properly 
carried out; also by appropriate electric stress and resistance tests, to 
assure proper insulating qualities and homogeneity of structure. Тһе 
exact value of the limits for these tests will depend upon the use to which 
the material is to be put. 


PART V—EXPLANATION OF PROCEDURE 


| General 

1. The tentative report of the committee, presented in October, 1913, 
provided for the determination of the percentage of rubber present by the 
method of difference. The mineral fillers were determined by the terebene 
solution method. Results obtained in the use of this method showed that 
it gave inaccurate results on some compounds. Тһе committee therefore 
determined to abandon it and to find a suitable substitute. It is believed 
that the method now recommended will satisfactorily solve the problem. 

2. Тһе most feasible means of limiting the kind of rubber was con- 
sidered to be the determination of the saponifiable and unsaponifiable 
resins. These are fairly constant characteristics of the resins of Hevea 
rubber, and of compounds made from the same. Other methods, such as 
the determination of the saponification number and the optical activity 
of the resins, were thought to be unpractical. 

3. Тһе method as developed is applicable to the analysis of any pure 
rubber compound containing only mineral matter with or without ceresine 
or paraffine wax, regardless of the kind or amount of rubber, and can be 
used in conjunction with other specifications provided the limits are 
changed to correspond with the amount and kind of rubber desired, and 
due consideration is given to interfering mineral matter. When applied 
to а compound without ceresine or paraffine wax the unsaponifiable 
acetone extract is the unsaponifiable resins. 

4. Тһе method has been definitely described, to make it certain that 
experienced chemists may obtain concordant results. Тһе interpretation 
has been rigidly defined, obviating any ambiguity as to the meaning that 
will be assumed, even though this sometimes appears to be arbitrary. 


Sample 


5. In order to obtain uniform results, the committee has established 
by experiment that a definite method of sampling has to be adopted and 
that for all extractions the sample must be reduced in a prescribed manner 
to at least an approximately similar degree of fineness. For this reason 
the procedure specifies a definite type of grinder obtainable in two forms, 
and also specifies definite sieves. 
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Extraction Apparatus 


6. The committee has proved that the extraction apparatus used by 
different chemists must be of exactly the same form and the same size. 
It was also proven that small samples in the apparatus give the maximum 
results and that the rate of extraction is dependent upon the amount of 
solvent and its temperature as it passes through the sample. The appara- 
‚ tus finally adopted combines the advantages of several forms that were 
studied and together with simplicity of operation and adjustment to uni- 
form conditions, gives practically complete extraction when used as speci- 
fied. A number of other variations that might have a possible effect upon 
the amount of extract, were tried but found to be inappreciable. 


Acetone Extraction 


7. The extraction is made within 24 hours of the preparation of the 
sample, so obviating any appreciable oxidation. Two samples are ex- 
tracted and united, so that a larger amount of extract may be obtained 
for the subsequent separations, and the extraction apparatus kept within 
a convenient size. Hot chloroform is used to facilitate the complete 
transference of the extract. Тһе flasks are placed on their sides when 
drying, to hasten the emission of the solvent and thus reduce chance of 
volatilizing, through longer heating, some of the more volatile consti- 
tuents of the extract. Drying in vacuo at room temperature, does not 
remove all the moisture if paraffine is present and such drying with heat 
or at 100 deg. cent. in an inert gas, presents no practical advantage over 
the method given. 


Separation of the Acetone Extract 

8. Тһе method given was developed so that all the desired constituents 
could be determined on one sample. 

9. Emphasis is laid on thorough extraction of the unsaponifiable 
material and the retention of the flocculent material with the ethereal 
solution. This latter material is not soluble in either ether or water, but 
it was proven that if such as was chloroform-soluble was included іп the 
unsaponifiable material, the subsequent determination of the hydrocar- 
bons would be more exact. A portion of this flocculent material is insolu- 
ble in chloroform. 

10. The hydrocarbons are determined in two places, making an 
approximate separation between the solid and the liquid ones, if both are 
present. The first hydrocarbons A are those insoluble in the solvent at a 
low temperature. Тһе presence of unsaponifiable resins in the solution 
prevents the more complete freezing out of the hydrocarbons, but the 
remainder is obtained after treatment of the resins with sulphuric acid. 
In this way, chance of loss through the action of the acid has been largely 
eliminated. 

11. Тһе method for free sulphur gives all the sulphur іп the acetone 
extract with the exception of negligible amounts which may be in the 
unsaponifiable material. It was proven that the results agree with 
determinations made directly on other acetone extracts. 


12. The saponifiable and unsaponifiable resins are obtained by differ- 
ence. 


T 
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Chloroform Extraction 


13. The chloroform extraction should be made at once after the acetone 
extraction, or the sample put in a vacuum, so as to avoid the danger of an 
abnormally high extract. When the extract 1s dried as specified, constant 
weight is obtained before any appreciable oxidation occurs. If bituminous 
substances are present, that portion which has not been extracted by the 
acetone, will be largely soluble in chloroform and can be readily distin- 
guished by its color. The amount of extract is also affected by the presence 
of uncured and inferior rubber. A properly cured Hevea compound will 
always give a little extract with chloroform, which varies somewhat with 
the method and conditions of cure. 


Alcoholic Potash Extraction 


14. Тһе alcoholic potash extraction is the usual saponification process 
for obtaining the fatty acids of rubber substitutes. Тһе total amount 
of such substitutes is not obtained, but if any appreciable amount is 
present, the value will exceed that of the limit allowed. When no sub- 
stitutes are present, this determination always yields a small amount of 
extract from Hevea rubber. 


Rubber Hydrocarbons 


15. Methods for the determination of the percentage of rubber are of 
two kinds, the direct and the difference methods. The committee adopted 
a difference method after trial of various methods, both direct and indirect. 

16. The difference methods are those in which the rubber is removed 
and the residue weighed. This may be done in either of two ways; by the 
use of solvents, or by ignition. The early work of the committee was 
largely along the line of removing the rubber by means of solvents. Many 
kinds and probably every class of rubber solvents were tried. Some did 
not completely dissolve the rubber at low temperatures and ordinary 
atmospheric pressure; others appeared to dissolve the rubber, but formed 
a colloidal solution holding some of the fillers, which could neither be 
filtered nor centrifuged clear of mineral matter. Many of them were so 
time-consuming as to render them worthless, even if accurate results could 
be obtained. The solvent method given in the Preliminary Report was 
found to give inaccurate results with compounds containing much litharge 
or zinc oxide, but gave very good results on most classes of compounds 
if xylol, instead of terebene is used as the solvent. It has since been 
demonstrated, however, that it is practically impossible to obtain correct 
results on an important class of compounds and that method was, there- 
fore, abandoned. 

17. Ashing the compound gives fairly accurate results provided по 
volatile or decomposable fillers are included. This, however, cannot be 
assumed to be the case. In the method which the committee recommends, 
these objectionable fillers are largely removed before the compound is 
ignited, and provision is made for testing those few materials which are 
volatile, but not removed. This method is a modification of an unpub- 
lished one devised, some years ago, by G. H. Savage. 

18. In the testing of this method, compounds containing most of the 
known commercial inorganic fillers were analyzed. Whiting, talc, mag- 
nesium, and lead compounds and barium carbonate which are objection- 
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able in direct ashing do not in any way interfere with the determination of 
rubber by this method. A number of organic fillers were used, but these 
too, did not cause any great error. 

19. Тһе securing of accurate results by the method given depends 
largely on two things; the complete solution of decomposable fillers, and 
the removal of all chlorides. With these precautions, the analyst is almost 
certain to obtain reasonably accurate results. The formula for calculating 
the rubber hydrocarbons presents no difficulty if the exact quantities 
called for in the method are used. 

20. The rubber as it is weighed under C contains sulphur in combina- 
tion with the rubber. On ignition sulphur is driven off with the rubber. 
By determining the sulphur before and after ignition, the amount so lost 
can readily be calculated, and the proper correction made. 


Total Sulphur 


21. Тһе sodium peroxide method, specified in the Committee's Pre- 
liminary Report, is widely used in the analysis of wire insulation, and is 
known to yield accurate results on such compounds. The liability of 
explosion with that method, however, renders it somewhat objectionable. 

It will be noted that the bromine-nitric-acid method which is now 
specified does not require the dehydration and separation of silica. If the 
filtrate after the fusion and extraction with water, is acidified in the cold, 
and after the precipitation of the barium sulphate the solution is not 
permitted to concentrate to a relatively small volume, any silica which is 
in solution will remain dissolved. Тһе elimination of this step by proper 
precautions saves considerable time without in any way interfering with 
the accuracy of the determination. 


Interpretation of Results 


22. Emphasis is laid on the method of calculating the results. The 
saponifiable acetone extract and the unsaponifiable resins are considered 
to be parts of the rubber. The chloroform and alcoholic potash extracts, 
when within the limits specified, are also so considered. Any quantity 
in excess of these limits is assumed to be due to foreign substances or 
in case of chloroform extract, to undervulcanized rubber. Мо allowance 
is made for the ash in the raw rubber, as it is considered to be negligible. 
This method of calculation has to be adopted if the rubber found is to 
agree with that originally put into the compound. 


Moisture 


23. А determination of moisture is not given, as electrical tests will 
detect its presence if in excess. If electrical tests are required, the error 
introduced by the omission of this determination is very small. 


Note:— With a procedure of this length it is impossible to explain every detail without 
undue elaboration, and the committee wishes to point out that while to experienced chemists 
the procedure may seem over burdened by detail, yet every specified detail was found 
necessary in order that the conditions essential to accurate and consistent work might be 
reproduced by all chemists using the procedure. For this reason it is extremely important 
that all instructions be observed, even if their significance is not perceived by the individual 
Chemist. It will probably be found that even with the instructions properly observed, some 
experience will be needed to apply the method successfully. 
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PART VI— LIST OF IMPORTANT SPECIFICATIONS CONTAINING THE JOINT 
RUBBER INSULATION COMMITTEE'S CHEMICAL CLAUSES OR ANALYTICAL 
PROCEDURE 


American Electric Railway (Engineering) Association: 
Standard Specification for Rubber Insulated Wire and Cable. 
American Society for Testing Materials: 
Proposed Specifications for Insulated Wire and Cable; 30-per 
cent Hevea Rubber. 
Assoctation of Ratlway Electrical Engineers: 
Standard Specifications for Wire and Cable. 
Interborough Rapid Transit Co., Motive Power Department, New York: 
Specification No. 2. 
New York Central Ratlroad Co. Electrical Department: 
Specification No. 300. 
Panama Canal: 
Office of General Purchasing Agent, Circular No. 1038. 
Signal Corps, U. S. Army: 
General Specification No. 581--А., etc. 


To be presented at the 34th Annual Convention of 
the American Institute of Electrical Engineers, 
Hot Springs, Va., June 27, 1917. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


EXPANSION EFFECTS AS A CAUSE OF DETERIORATION 
IN SUSPENSION TYPE INSULATORS 


BY J. A. BRUNDIGE 


ABSTRACT OF PAPER 


In seeking causes for the rapid deterioration which has been 
encountered in suspension type insulators, two leading hypo- 
‘theses, viz., porosity and mechanical cracking through expansion 
effects, have been advanced by different groups of investigators. 
These are briefly outlined in the paper, after which the author 
presents data in support of the latter. Some of the operating 
problems attendant upon insulator deterioration are also dis- 
cussed. 


INTRODUCTION 

HE CONTINUED and seriously high rate of deterioration 
occurring in all parts of the country in high-voltage sus- 
pension insulators of the cap and stud type, has caused investi- 
gators in their efforts towards the design of a durable insulator, 
to make a more careful study of the problem than heretofore, 
for the purpose of trying to fix the underlying causes of failure. 
Had the problem been a simple one, it would doubtless have been 
soived before now, and in view of the number of factors involved, 
especially from the manufacturing standpoint, it is not only nat- 
ural, but in fact a favorable sign of active and thorough investi- 
gation, that somewhat different views may at first be held as 
to the predominating causes of insulator deterioration by those 

engaged in making such studies. 

As a result a number of engineers, together with a majority 
of those concerned in insulator manufacture, while recognizing 
that porosity undoubtedly has been responsible for a consider- 
able percentage of failures, hold that mechanical cracking of the 
porcelain, brought about by expansion effects (possibly assisted 
by heavy cable loads) is the principal cause for the trouble 
experienced. This hypothesis is equivalent to saying that unless 
the more recent designs and methods of assembling have suffi- 
ciently reduced the mechanical stresses set up inside the cap, 
troubles with this type of insulator may be expected to continue, 

Manuscript of this paper was received March 31, 1917. 
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regardless of the degree of perfection and freedom from porosity 
attained in the manufacture of the porcelain shells. 

On the other hand, there are prominent investigators who 
have quite definitely taken the stand that practically all insulator 
deterioration is ultimately attributable to porosity, which either 
makes the porcelain weak electrically after moisture has been 
absorbed, or causes cracking through the capillary absorption 
and crystallization of salts taken up from the adjacent cement 
used in assembling, or causes a combination of both. The 
porosity hypothesis is in part based upon the results of experi- 
ments made with apparatus designed to measure extremely high 
resistances. With such apparatus, it has been shown that all 
porcelain is more or less conducting and that quite wide resist- 
ance differences exist between various specimens. А consider- 
able variation in the resistance of certain specimens when sub- 
jected to treatment for the purpose of altering their moisture 
content has been also noted. These results, which are not sur- 
prising when considered in the light of the extreme sensitiveness 
of the instruments used and of the well known difficulty of pro- 
ducing well vitrified porcelain, have led some of these investiga- 
tors to believe that all porcelain is inherently porous to such an 
extent as to make it unsuitable for manufacturing satisfactorily 
durable insulators. 

The engineers of the company with which the author is asso- 
ciated in investigating the problem from an operating standpoint 
so far as somewhat limited facilities have permitted, and while ' 
having no desire to minimize the importance of porosity effects, 
have arrived at the belief that expansion effects are causing the 
major part of insulator deterioration, and the following notes 
and comments are given in support of this view. It is аррге- 
ciated that many of the facts mentioned have only circum- 
stantial value, but when considered together it will be evident 
that this belief is not without foundation. 


4 


GENERAL 


Statement of Conditions Inside of Cap. Before referring to 
observed results, it is instructive to review the conditions existing 
inside the cemented metal cap of a suspension insulator. 

It is well known that Portland cement after setting does not 
attain its ultimate hardness for a considerable period—usually 
months—but when this state 15 finally reached, it will withstand 
and transmit fairly large compressive stresses. Under these 
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conditions, the porcelain inside an insulator cap is directly 
subjected to varying forces which it is poorly adapted to with- 
stand. The temperature expansion coefficient of porcelain 
being only approximately one-half that of steel, it is perceivable 
that from this source alone stresses amply sufficient to cause 
damage must occur as the result of seasonal temperature changes. 
Expansion in the steel stud on hot days is doubtless responsible 
for much of the trouble. 

But another and even more serious form of expansion takes 
place inside insulator caps where Portland cement has been used 
for assembling, the existence of which has not been generally 
recognized. This is the expansion and contraction of the cement 
itself that the influence of varying moisture conditions. Mr. 
A. H. White* in a series of experiments extending for a period of 
nearlv five years, on both old and new samples of concrete and 
cement obtained from various sources,has shown that from a dry 
to a completely moistened state, neat cement briquettes will 
expand as much as 0.15 per cent, which 1s equivalent to a tem- 
perature expansion change in cement of nearly 270 deg. fahr. 
(150 deg. cent.). In addition, it was shown that the effect was 
gradually progressive, the samples exhibiting a slight increase 
in length with each cyclic change. Other investigators have also 
noted this behavior of Portland cement, the generally accepted 
explanation of which is that it exhibits reversible collodial char- 
acteristics to a limited extent, analogous to the softening and 
swelling up of glue іп the presence of water. Тһе progressive 
expansion taking place with the cyclic changes 1s attributed to 
the incomplete hydration of some of the particles of cement, 
which are initially sealed up and protected, but as the expansion 
and contraction goes on, more of these are exposed to moisture 
so that additional setting takes place, accompanied by a certain 
amount of permanent expansion. This expansion was clearly 
indicated in the experiments mentioned by the numerous hair 
cracks which generally developed throughout the mass of the 
sample briquettes. 

It is believed by the author that the much greater deteriora- 
tion which has been experienced with insulators hanging in the 
tension or horizontal position as compared with that occurring 
in those suspended vertically, may be accounted for by the fact 
that the cement 1n the former is much more directly exposed to 
the elements, thus affording greater opportunity for the taking 


*Proceedings Am. Society for Testing Materials, Vol. XIV, Part II, 
1914, p. 204. 
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up of water and the reverse, whereas the cement in units in the 
upright position is not subjected to such marked extremes; also 
because of the greater relative exposure of the horizontally 
placed units to the hot sun, resulting in their undergoing more 
abrupt temperature changes. The great difference in the rate 
of deterioration observed in the two positions cannot be wholly 
accounted for by the fact that the tension insulators usually sup- 
port heavier mechanical loads. While it is believed that exces- 
sive loads accelerate deterioration, several instances have been 
encountered where tension insulators carrying loads less than 
those on adjacent suspension insulators have shown percentage 
failures from 2 to 3 times as great and equalling the failures ob- 
served in tension insulators generally elsewhere on the same sys- 
tems. | 
DATA AND OBSERVATIONS 

The following notes relate to data from megger and oscillator 
tests made during the last three years on transmission systems 
located in widely separated parts of the country embracing an 
aggregate of over six hundred thousand suspension insulator 
units. It may be added that in drawing conclusions from the 
 megger tésts, care has been taken to select only readings made 
under favorable conditions and by testers experienced in handling 
the instrument, who were cognizant of its limitations and of the 
precautions to be observed in its use. 

Electrical Stresses Not a Necessary Factor in Deterioration. 
Owing to the greater electrical stresses to which the end units of 
insulator strings are theoretically subjected, it might be expected 
that these would fail in comparatively greater numbers if such 
electrical stresses were a material factor. With one exception, 
the data on which have not been fully confirmed, no evidence has 
come to the notice of the author that the end units do fail at a 
greater rate. The following record from oscillator tests made on 
strain insulators units from a 60-kv. line in 1916 may be taken as 
typical. Potential was applied at 100 kv. for 5 seconds: 


Locatioa of defective units in string 
(No. 1 unit next to conductor) 


Unit Мо, | ------------------------------- | Total defective 
Wire А Wire В Wire С 
1 40 35 34 109 
2 40 33 39 - 112 
3 37 37 39 | 113 
4 42 42 30 114 
5 40 38 30 108 
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Another phenomenon of much more conclusive nature showing 
that deterioration takes place independently of electrical stresses 
is the loss often observed in insulators where they have been left 
for some time in the original crates. In one instance reported 
from the Pacific coast, it was found that the percentage deteriora- 
tion in a lot of several hundred units left over from line construc- 
tion amounted to practically the same as that occurring in the 
ones in service. The crates containing the excess insulators were 
of the usual open type and had been stored in a yard for a period 
of approximately four years. Tests were made by means of the 
megger and the loss totaled nearly 5 per cent. | 

Insulator Fatlures are Not Proportional to Degree of Firing in 
Kiln. Referring to a lot of 877 units subjected to oscillator tests | 
in 1915, and which represented the entire commercial range of 
firing, it was found that failures did not occur any more fre- 
quently in underfired shells than among the others. In fact, the 
overfired shells were the ones which showed a tendency to fail in 
excess of the average. This would indicate that the failures 
observed were influenced more by mechanical strength of the 
porcelain than by the degree of porosity. Тһе degree of firing 
was only roughly estimated by classification of the glaze colors. 
but the results shown in the following table taken in conjunction 
with like data from other sources are believed to be sufficiently 
definite to justify the above conclusion. 


Total number Bad Per cent bad 
й | 
Black Green... .......... a ` 176 37 | 21.0 
Green МасЕк................ . 30 7 | 23.4 
Greenish brown ............ 12 4 . 33.3 
В1асЕ..................... 191 48 25.1 
Dark brown (normal).. ..... ; 210 40 19.1 
Brown .................... 231 35 15.2 
Light brown. ...... ........ 27 6 i 22.2 
877 177 20.2per cent 


In the above, dark brown 15 considered to represent normal 
firing, the brown and light brown underfired, while the black, 
greenish brown, green black and black green were overfired, the 
last exhibiting blebs. 

А more striking instance is the failure on a certain system 
of a large number of foreign insulators, the porcelain of which 
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was exceptionally well fired and uniform in character. Although 
excellent service was afforded for the first three years, trouble 
afterwards became very serious and it is reported that practically 
all of these insulators have now been removed from the Hnes, 
after approximately six years operation. In this case, it has been 
fairly well established that the deterioration was due to cracking 
which was accentuated by a very unfavorable design of the head, 
including long embedded studs. Other insulators of American 
manufacture of a similar design have likewise failed on the same 
system in quite large numbers. It 1s interesting to note that the 
insulators of this design were prone to develop шинэ troubles 
on particularly hot days. 

Rate of Deterioration. Іп testing with the megger it has been 
found that the great majority of the units read zero or nearly so 
when first discovered. Тһе few units which did not read zero 
at first have, so far as observed, since changed in resistance but 
slightly and such of them as the author has examined show un- 
mistakable evidences of porosity. 

The rapidity with which deterioration takes place in insulator 
units is 1n many cases quite remarkable. Ona certain high-volt- 
age line, 1t 15 reported that insulators sometimes fall in resistance 
from infinity reading on a 2000-megohm megger to apparent 
zero during the course of a few days. An example is cited of an 
anchor tower carrying 120 units which had been gone over with 
the megger for removal of defective insulators. Four days later, 
the testing crew took occasion as a matter of interest, to remegger 
the insulators on the tower and were quite surprised to find that 
five more units had failed in the meantime. It is not stated 
whether any rains had occurred during the interval, but the 
weather had been quite hot. Ў 

That insulators suddenly fall іп resistance from infinity read- 
ing on a megger to practically zero is believed to be indicative 
of cracks rather than of porosity. Тһе absorption of moisture 
in а piece of porous ware is known to be slow process and there 
are no grounds for suspecting that at a certain critical point of 
saturation the resistance drops so quickly as has been found. 

Porosity in Small Amounts not Believed to be Excessively Harm- 
ful. The theory which has been advanced that conducting 
areas are formed by moisture within the body is undoubtedly 
valid for those cases where the porosity is marked, but the 
author believes that the performance of the numerous pin-type 
insulators which have been in use for comparatively long periods 
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and also of the Hewlett type units, some of which have been 
giving good service for approximately 10 years, shows quite 
conclusively that reasonably small amounts of porosity are not 
necessarily injurious. АП of these older insulators are unques- 
tionably of greater porosity than many of the suspension type 
manufactured comparatively recently and which have failed to a 
serious extent. It is true that pin-type insulators with cemented 
shells have failed in large numbers after considerable periods in 
service, but the cause can usually be traced to cracking from 
purely mechanical sources. Ап illustration 1$ found on a 60-kv. 
southern line where the insulators, which were of the 4-part 
pin-type, operated perfectly for ten years, after which over 25 
per cent failed during one summer. Without exception these 
insulators were found to have cracks in the upper shell generally 
following the side tie wire groove and sometinies extending 
radially out to the edge of the petticoat. 

It has been determined by Prof. Creighton that where a 
porous insulator has become saturated with moisture, it is 
easily punctured by application of potential at ordinary fre- 
quencies. This fact led to the suggestion by others that insu- 
lators only slightly porous, after having been in service for 
several years so as to absorb moisture, might be discovered and 
weeded out before reaching a dangerous condition by subjecting 
them to a 60-cycle test at near flash-over voltage in order to 
line up the particles of moisture to form a conducting path, 
similarly to the lining up of particles of foreign matter between 
the electrodes in an oil testing set. Experiments were under- 
taken by a transmission company to apply this hypothesis, but 
the results obtained were negative in character so far as con- 
cerned substantiating the presence of porous ware. Such 
breakdowns as did occur could nearly always be traced to manu- 
facturing defects in the porcelain. 

Indications of Cracking. While the author has not had op- 
portunity for the careful examination of any large number of 
faulty insulator units by the removal of the metal caps, such 
work has been done has afforded fairly consistent results. In 
order to remove the caps without disturbing the porcelain, a 
helical cut of suitable pitch is taken with a hack saw, beginning 
at the lower edge, which enables the metal at the side of the cap 
to be removed in the form of a strip, thus freeing the upper 
portion. 

With the caps taken off it is still by no means an easy matter 
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was exceptionally well fired and uniform in character. Although 
excellent service was afforded for the first three years, trouble 
afterwards became very serious and it is reported that practically 
all of these insulators have now been removed from the lines, 
after approximately six years operation. In this case, it has been 
fairly well established that the deterioration was due to cracking 
which was accentuated by a very unfavorable design of the head, 
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at first have, so far as observed, since changed in resistance but 
slightly and such of them as the author has examined show un- 
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The rapidity with which deterioration takes place in insulator 
units is in many cases quite remarkable. Ona certain high-volt- 
age line, it is reported that insulators sometimes fall in resistance 
from infinity reading on a 2000-megohm megger to apparent 
zero during the course of a few days. An example is cited of ап 
anchor tower carrying 120 units which had been gone over with 
the megger for removal of defective insulators. Four days later, 
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of cracks rather than of porosity. The absorption of moisture 
in a piece of porous ware is known to be slow process and there 
are no grounds for suspecting that at a certain critical point of 
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areas are formed by moisture within the body is undoubtedly 
valid for those cases where the porosity is marked, but the 
author believes that the performance of the numerous pin-type 
insulators which have been in use for comparatively long periods 
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and also of the Hewlett type units, some of which have been 
giving good service for approximately 10 years, shows quite 
conclusively that reasonably small amounts of porosity are not 
necessarily injurious. АП of these older insulators are unques- 
tionably of greater porosity than many of the suspension type 
manufactured comparatively recently and which have failed to a 
serious extent. It is true that pin-type insulators with cemented 
shells have failed in large numbers after considerable periods in 
service, but the cause can usually be traced to cracking from 
purely mechanical sources. An illustration is found on a 60-kv. 
southern line where the insulators, which were of the 4-part 
pin-type, operated perfectly for ten years, after which over 25 
per cent failed during one summer. Without exception these 
insulators were found to have cracks in the upper shell generally 
following the side tie wire groove and sometinies extending 
radially out to the edge of the petticoat. 

It has been determined by Prof. Creighton that where a 
porous insulator has become saturated with moisture, it 1$ 
easily punctured by application of potential at ordinary fre- 
quencies. This fact led to the suggestion by others that insu- 
lators only slightly porous, after having been in service for 
several years so as to absorb moisture, might be discovered and 
weeded out before reaching a dangerous condition by subjecting 
them to a 60-cycle test at near flash-over voltage in order to 
line up the particles of moisture to form a conducting path, 
similarly to the lining up of particles of foreign matter between 
the electrodes in an oil testing set. Experiments were under- 
taken by a transmission company to apply this hypothesis, but 
the results obtained were negative in character so far as con- 
cerned substantiating the presence of porous ware. Such 
breakdowns as did occur could nearly always be traced to manu- 
facturing defects in the porcelain. 

Indications of Cracking. While the author has not had op- 
portunity for the careful examination of any large number of 
faulty insulator units by the removal of the metal caps, such 
work has been done has afforded fairly consistent results. In 
order to remove the caps without disturbing the porcelain, a 
helical cut of suitable pitch is taken with a hack saw, beginning 
at the lower edge, which enables the metal at the side of the cap 
to be removed in the form of a strip, thus freeing the upper 
portion. 

With the caps taken off it is still by no means an easy matter 
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to locate the existing cracks unless they have become opened up 
somewhat or are discolored through age. It has been found, 
however, that in some instances the cracks may be identified by 
carefully examining the surface of the cement which has been in 
contact with the porcelain. Тһе cement may show a fine crack 
corresponding to the crack in the porcelain, or only darkened 
lines which for lack of a better term have been called *weathering 
_ lines". Such lines, marked by arrows, are shown in Fig. 1. In 
this view, the metal stud has been tilted slightly away from the 
camera to separate the weathering line from the edge of the 
porcelain, thus bringing it into better view. The line on the 
cement in the cap section has been produced from the same 
crack, as will be seen by comparing the two. 

While the cause for the weathering lines is not definitely 
known, it is probable that they are the result of ozone liberated 
by slight electrical discharges through the crack while the unit 
was in service. Such discharges undoubtedly occur and their 
presence is borne out by a slight alteration often observed іп the 
appearance of the surface of the fracture in the porcelain which 
becomes glossed and faintly iridescent when held to the light 
at the proper angle. "This faint play of colors is not found on 
surfaces of pieces broken after removal from service. 


OPERATING PROBLEMS 


Deterioration in insulators is proceeding at such a rate that it 
is debatable whether all suspension insulators of the cap and 
stud type now in service will not have to be replaced within a 
comparatively few years. Obviously this constitutes a very 
serious situation for the operating engineer and it is imperative 
that insulators approaching the end of their usefulness be de- 
tected and removed from the line before conditions develop 
threatening the continuity of service. 

The question arises as to whether anything will be gained by 
subjecting all insulators in service to a periodic test at high 
voltage for weeding out those pieces undergoing incipient deter- 
ioration. It is apparent that if a test could be devised which 
would insure safe operation for a period of three or more years 
. without the necessity for attention to the insulators in the 
meantime, much of the cost of insulator patrol and maintenance 
of the lines would be obviated. It is believed that a high-voltage 
test might prove useful should it be established that porosity is 
a serious factor. On the other hand, it is not likely that much 
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benefit would be derived from the testing of units in this way 
which are liable to deteriorate through cracking. It is known 
that each application of high potential will indefinitely continue 
to break down additional units and many of these would doubt- 
less be of service for a considerable time before necessity arose 
in the ordinary course of events for their replacement. More- 
over, failure by cracking proceeds at such a rapid rate that many 
of the insulators might make a good showing on test and fail 
very soon afterwards. 


CONCLUSION 


_ Summarized briefly, the reasons for believing that expansion 
effects are the principal cause for deterioration in suspension- - 
type insulators are as follows: 

1. Тһе conditions existing inside the metal caps are sufficient 
to explain, through temperature expansion alone, much of the 
trouble experienced. Expansion occurring in the cement because 
of moisture absorption is of an even more serious nature. 

2. No evidence of importance is at hand showing that elec- 
trical stresses have caused the trouble under discussion. 

3. Except for bad cases of underfiring which are generally 
easily detected, losses of insulators in service do not bear any 
apparent relation to the degree of firing. 

4. So far as observed, deterioration takes place quickly, such 
as would be expected during the formation of cracks. ©n the 
other hand, slightly porous ware absorbs moisture only very 
slowly, and were porosity the predominating cause for failure, 
large numbers of units would undoubtedly have been discovered 
in the intermediate resistance stages. 

5. Cracks of more or less long standing have been identified 
in a majority of cases where it has been possible to carry on post 
mortem examinations on defective insulator units. 

6. The relatively good showing made over long periods by 
pin-type insulators having cemented parts and by Hewlett units, . 
. none of which represent as high development of the porcelain 
manufacturer's art as some of the later suspension insulators, 
would indicate that porosity is not the factor of most immediate 
concern. 

It 15 to be borne in mind, however, that after losses from ех- 
pansion effects have been more or less completely eliminated, por- 
osity in porcelain may remain as a problem of considerable im- 
portance and that the work done in this direction by investigators 
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will become increasingly valuable, unless perhaps a better ma- 
terial for insulators will then be available. Progress in over- 
coming expansion will doubtless include, as one of the steps, 
the elimination of Portland cement from the designs and this 
incidentally will be of aid in simplifying the problems arising 
from porosity. 
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THE INSULATOR SITUATION 


BY W. D. PEASLEE 


ABSTRACT OF PAPER 

This paper gives a résumé of the insulator situation as it 
exists at the present time and shows the gradual increase in 
requirements that have been held essential to a successful 
insulator. 

A statement of the apparent causes of the very rapid deteri- 
oration of insulators, even when stored and subject to no electric 
stress is given, and the conditions necessary to the production of 
an insulator that will reduce this deterioration cost are discussed. 

Microphotographs showing the structure of the porcelain from 
several insulators are given. Interesting flows and defects 
common to porcelain insulators are shown. Three means аге 
given for improving the insulator situation, one of which is the 
use of fused quartz as an insulator material, the laboratory 
feasibility of which has been shown. Investigations as to the 
commercial manufacture of quartz insulators are under way. 


HE INSULATOR situation has for the last few years en- 

gaged the earnest thought of all engineers directly or 

indirectly responsible for the operation and maintenance of 
high-voltage transmission lines. 

Not long ago the following general postulates were laid down 
by some operating engineers, despite the warnings of some 
research men, as the ultimate requirements of insulators for 
reliable service, and much was written in the technical press 
regarding efficiency as applied to line insulators with respect to 
these féatures. 

1. The insulator must not flash-over at operating voltage even 
when dirty and wet. 

2. The insulator should flash-over on excess voltage at normal 
frequency and not puncture. 

3. Sufficient surface leakage distance should be provided to 
prevent excessive leakage current. (To prevent burning of 
wood poles and pins.) 

4. It should be mechanically strong enough for the load im- 
posed upon it. 

Insulators by the carload have been made that meet fully 
those requirements, as far as normal frequency voltages are 
^ Manuscript of this paper was received March 16, 1917. m 
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concerned, that is, those that do not fail under factory test do. 
These new insulators, designed according to the best then exist- 
ing engineering knowledge, were placed on our transmission 
lines and the insulator manufacturers began the study of making 
more and cheaper insulators while the engineers operating the 
lines began to get interested in other things, when the insulator 
situation again became of prime moment. 

It was found that after about two or three years in service 
these insulators were failing at a rate of from 10 per cent to 40 per 
cent per year, apparently without logical regard to location or se- 
verity of service, climatic or electrical. Many very valuable and 
briliant methods for detecting insulators about to fai were 
developed and the best that was hoped for was a chance to take 
them off when convenient before they went out at an inoppor- 
tune time. 

About this time a rather startling fact was discovered by 
several investigators almost simultaneously. If a certain lot of 
insulators, having passed successfully factory routine tests, are 
placed in a warehouse for a couple of years, a goodly per cent 
of them will fail at the end of that time on tests less severe than 
they passed to escape from the factory junk pile. In other 
words, they deteriorate at an alarming rate even doing nothing 
and apparently just "because". This experience the author сап 
testify to with some regret, and it has been corroborated often 
enough, so that 1t is now а well recognized fact among workers 
in this field. 

Not satisfied with the generally accepted theories in explan- 
ation of these failures the author began in 1914 an extended 
research into this field which finally led to the use of the micro- 
scope in an endeavor to ascertain, if possible, the mechanism of 
the failure of porcelain insulators. Ав a result of this micro- 
scopic work in connection with some experiments on transients, 
he laid down seven requirements іп corroboration and extension 
of the four previously mentioned. 

By the time this paper* appeared the work had been further 
advanced by means of an excellent high-powered petrographical 
microscope and the results lead to a decided doubt as to the 
ability of the porcelain insulator to meet the situation at all, 
even under the best conditions of manufacture. 

From a study of the insulator troubles of several systems for 
the past three years, and from a microscopical analysis (using 
— *W. D. Peaslee, A. I. E. E. PROCEEDINGS, Aug. 1916, pp. 1237-1244... 
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polarized light and crossed nicols) of several hundred insulators 
whose records were known, the following points regarding the 
deterioration of the porcelain insulator seems to be pretty well 
established. 

1. Perfectly good insulators that will pass all sorts of tests 
right after manufacture deteriorate at an alarming rate even 
when not in use. I have personally known of insulators stored 
in a warehouse, all of which have passed test on an oscillator, 
and also 60-cycle flash-over. Two yearslater 14 per cent of these 
insulators failed under 60-cycle flash-over. That is, they punc- 
tured at a voltage under the flash-over voltage. 

2. It is very apparent that something takes place, inside the 
cap in a suspension unit, and between the shells in a pin-type 
unit, that causes this deterioration when not іп service, though 
it 15 not impossible that the electric tests have some part in 
starting or causing some of this deterioration. 

3. There seems also to be grounds for suspecting that in some 
manner certain insulators deteriorate at a rather rapid rate due 
to dielectric stresses combining with other stresses in such a 
manner as to materially hasten the failure of the insulator. 

The results of the investigations seem to show that four 
factors are of predominant importance in this connection. 

1. Mechanical stresses due to temperature changes neces- 
sarily resulting from the different coefficients of cubical expansion 
of the metal, cement, and porcelain; mechanical stresses due to 
the expansion of moisture in the cement on freezing and the 
changes in volume of cement with different moisture contents; 
and mechanical stresses due to improper firing and cooling of 
the porcelain. 

2. Dielectric flux concentrations due to improper design of 
insulator shapes and defects in the porcelain. This can be 
remedied, but its general effect* 15 as has been shown, to permit 
the stressing of the porcelain to very high values by means of 
transients, which like the poor are always with us. 

3. Dielectric flux concentration due to the fact that the porce- 
lain is inevitably made of two or more materials of widely 
different physical properties, one isotropic and the others aniso- 
tropic in character, as strikingly shown by the microphotographs. 
It is well known that the dielectric constant or specific inductive 
capacity of an anisotropic medium 1s not the same in all directions 
but varies according to the angle between the principal optic 
— *W. D. Peaslee, А. I. E. E. PROCEEDINGS, Aug. 1916, рр. 1237-1244, 
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axis and the direction of the electric force. With the random 
alignment of the anisotropic crystals in a porcelain body, rela- 
tively large, minutely local flux concentrations result. While 
partially fluid in the process of firing, most insulator shapes 
develop flow lines wherein the crystals, anisotropic in nature, 
align themselves in such a manner that the permittivity of the 
dielectric along these flow lines is considerably greater than in 
other portions, resulting in definite flux concentrations along 
these flow lines. 

4. Mechanical stresses due to the differences in coefficients of 
expansion of the constituents of the porcelain acting to establish 
а separation surface between the crystals. 

Considering the cement, the volume changes of Portland 
cement under change of moisture content are well known, and 
examination of the cement in two hundred and eighteen insu- 
lators whose history was well known has shown the following 
facts: 

АП but fifteen of. the insulators that had failed electrically 
(207) had cement whose absorption, after two hours baking at 
120 deg. cent. and four hours boiling in water, was over 12 per 
cent and in some failing quickly the absorption ran up to 46 per 
cent. Of those which had failed mechanically or were still good 
(11) only one had cement whose absorption ran over 6 per cent. 

While these data are no more than a surface indication they 
are offered as an indication of a possible source of deterioration. 
It can readily be seen that absorptive of such amounts of water 
the cement in such insulators must expand and contract viciously 
under temperature апа humidity changes. Investigations are 
at present under way using various water-proofing compounds 
and different mixtures of cement to find the mixture that with 
a permissible strength sacrifice will give the lowest absorption. 
The preliminary results are encouraging and it is hoped that 
some valuable information will be available soon from these tests. 

The porcelain from which insulators are made consists in the 
main of partially dissolved crystals of silica (510.) in a ground 
mass of feldspar glass and crystals of sillimanite of a size de- 
pending upon the heat treatment of the porcelain. It has been 
found by some investigators that it is entirely possible and easy 
to determine within + 25 deg. cent. the temperature at which а 
porcelain has been fired by the examination of a thin section 
under the microscope.* 


*Technologic Paper No. 80 Bureau of Standards, Constitution and 
Microstructure of Porcelain. 
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Referring to Fig. 1 if the needles are anisotropic substances 
whose maximum permittivity occurs along the principal axis the 
resulting field distortion will be roughly as shown. Now com- 
bine a conglomerate mass of such needles scattered through a 
medium of different average permittivity still, and sprinkle ` 
through this a quantity of relatively large irregular anisotropic 
crystals of still different average permittivity and it will readily 
be seen that there are infinite possibilities for minute flux con- 
centrations, and whenever for a finite length of time the dtelectric 
flux exceeds a certain value in a dielectric, the destruction of the 
dielectric is certain. Also, failure of the dielectric heats it, and 
the negative temperature resistance coefficient of porcelain 
renders a progressive breakdown extremely easy when the 


initial failure occurs. 
+ + Ж Эс 


Fic. 1 


Microscopic examination of a great many samples has shown 
that the flow lines mentioned are mechanically weak and have a 
great tendency to develop minute cracks, apparently during 
cooling. "These cracks are often lined or filled with crystals of 
sillimanite (Al;8103) which are anisotropic and more or less in 
alignment. Тһе combination of such cracks and the above 
mentioned flux concentrations along flow lines is a source of 
further weakness in the porcelain insulator. This point is 
brought out very clearly in several of the illustrations. 

If the four factors last mentioned are the predominant ones 
in causing insulator depreciation we can of course lay out the 
requirements of an insulator that will avoid them. 

1. A cement must be developed that will be elastic enough to 
take up the necessary changes due to expansion and contraction 
of the insulator parts under temperature changes. Condensite 
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and other compounds have been tried in this but so far as the 
writer knows, no positive results have been obtained that are 
as yet of commercial value. 

2. Improve the design of the insulator to avoid flux concen- 
. trations and the placing of dielectric of different permittivities 
in series and improve the workmanship to avoid defects. 

3. Make the insulator from an amorphorous, non crystalline 
substance, containing only one constituent, or only those of the 
same electrical and temperature characteristics. 

Certain of the compounds that have been experimented on 
give promise of some success as a cement of the character 
described, and fused quartz except for inherent difficulties in 
working is ideal as an insulator material. 

The temperature coefficient of expansion of fused quartz is 
about 0.000,000,59 or about one-fifth that of porcelain. Its 
dielectric strength is very high and its mechanical strength and 
elasticity are all that could be asked. It withstands indefinitely 
the action of high-frequency voltages such as those from the 
Poulsen arc and is to the action of the elements the most re- 
sistant material known. | 

Due to its low temperature coefficient of expansion an in- 
candescent piece of fused quartz can be dropped into a pail of 
water without effect, except an apparent improvement in elas- 
ticity. This is а valuable property when it comes to running it 
into chilled molds. | 

The drawback is that it has a tendency to evaporate before 
flowing enough to mold and on fusing to explode and form a 
milky substance full of tiny air holes and useless as an insulator 
and is also chemically very active at extremely high tempera- 
atures. Means of overcoming this have been found and until 
the microscope slides of the product were examined it was thought 
a perfect product had been secured, as the tiny carbon particles 
and bubbles so marked under the microscope in Fig. 10 and Fig. 
11 are not visible to the unaided eye, merely giving the quartz 
a blue color. Means have been found to overcome even these 
defects and on a laboratory scale the manufacture of fused 
quartz as an insulator material is assured. ' The problem now 
engaging our attention is the production of this material in 
commercial sizes at a cost that will not be prohibitive. 


CONCLUSION 


A study of the growing mass of data on insulator deterioration, 
forces upon our attention the following insulator situation. 
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Fic. 2—300 DIAMETERS— TAKEN FROM AN INSULATOR MANUFACTURED 
IN 1912 

This type has showed marked deterioration and has been removed from service by one 

company and replaced by another type— Note the shrink crack full of sillimanite crystals 


and the large partially resorbed quartz crystals showing in high reliefÉ— The darkness of 
the ground mass is caused by minute distributed sillimanite crystals— The darker bodies 


are aggregates of sillimanite with some kaolin. 
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Fic. 3—300 DIAMETERS 
Taken through crossed nicols showing anisotropic nature of quartz crystals (bright white 
masses) and of sillimanite (appearing as a light fog). 
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Fic. 4—300 DIAMETERS—SECTION FROM А WELL KNOWN MAKE OF 
HIGH-VOLTAGE PiN-TvPE INSULATOR 


Failed under test before being put into service—A is crack lined with silliminate crystals— 
B is a large partially resorbed quartz crystal—The dark masses are sillimanite particles 
scattered through the glassy ground mass. 


[PEASLEE] 
Fic. 5—300 DIAMETERS—SAME AS Fic. 4 EXCEPT UNDER CROSSED 
NICOLS 


The dark portion of this and other slides taken under crossed nicols is the isotropic 
feldspar ground mass. 
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Fic. 6—300 DiAMETERs—SLIDE FROM АМ INSULATOR THAT AFTER 
PASSING Factory TEST WAS STORED IN A WAREHOUSE Two YEARS 


Failed under flash-over voltage when taken out— The crack А is apparently due to ex- 
pansion and contraction and is not a cooling crack as no crystals have formed in it—The 
cement in this insulator was very porous and showed the effects of expansion and contrac- 
tion— Note the flow structure crossing the picture between the large quartz crystals and the 
alignment of sillimanite along this flow. 


[PEASLEE] 
Fic. 7—300 DIAMETERS—SAME AS Fic. 6 UNDER CRosskEp NICOLS 


Note the great amcunt of fine quartz crystals and their concentration due apparently 
to flow in the mass before or during firing. 
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FROM THE LINE FOR Low MEGGER READING AFTER ELEVEN MONTHS 
SERVICE 


The insulator punctured below flash-over, 60 cycles—Note the very large quartz crystals 
partially resorbed and the large sillimanite crystal B and the short crack A lined with 
fine sillimanite crystals—This crack is only 0.01 inches long but is a potential weakness 
and this insulator was liberally sprinkled with them. 


[PEASLEE] 
Fic. 9—300 DIAMETERS—TAKEN FROM THE CURVE AT THE ТОР OF THE 
INNER РЕТТІСОАТ OF А PIN-TYPE INSULATOR 


Shows the crack curved to follow the curvature of the shell— This crack was about 0.25 
inches long and about the center of the shell wall— This insulator failed after three months 
service. 
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Fic. 10-300 DIAMETERS—FUSED QUARTZ MANUFACTURED IN SEARCH 
FOR A SUITABLE INSULATOR MATERIAL 


[PEASLEE] 
Fic. 11-300 DIAMETERS—SAME АЗ Fic. 10 EXCEPT UNDER CROSSED 
NICOLS 
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Fic. 12—300 DiAMETERS—CRACK IN A SUSPENSION UNIT THAT WAS 
REMOVED FROM THE LINE ON ACCOUNT OF LOW MEGGER READING 


| [PEASLEE] 
Fic. 13—300 DIAMETERS— CROSSED NICOL VIEW OF SECTION FROM АМ 
INSULATOR OF FOREIGN MANUFACTURE 


Shows very clearly the isotropic ground mass (black) the anisotropic quartz (white) 
and the foggy masses of anisotropic sillimanite. 
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1. The porcelain insulator as commercially available today is 
not a success, it is deteriorating too rapidly both in and out of 
use and the gathered evidence points to certain inherent features 
of manufacture and composition that are responsible in large 
part for this unreasonable deterioration. 

2. Тһе design features may be overcome by a correct ap- 
preciation of the mechanism of breakdown and the application 
of correct principles of dielectric flux distribution. 

3. It has been found possible to make and manufacture fused 
quartz on a laboratory scale and indications are that it can be 
done on a commercial scale for a permissible price, and it is 
hoped that the development of this and other studies now being 
made by many engineers may lead to a lessening of the enor- 
mous cost of the present insulator depreciation encountered by 
the operating companies. | 

The investigations herein mentioned have been made in the 
high-voltage laboratory of the Oregon Agricultural College and 
recognition is hereby expressed of the aid of Mr. A. Strieff, 
Assistant Instructor, and Mr. J. A. Hooper, a member of this 
year's senior class, both of whom rendered invaluable assistance 
in the many tests necessary to such an investigation. 
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PROBLEMS OF OPERATION AND MAINTENANCE 
OF UNDERGROUND CABLES 


BY JOHN L. HARPER 


ABSTRACT OF PAPER 


The scarcity and high cost of transmission materials demands 
that the transmission capacity of electric underground cables 
be increased to a maximum. 

The causes of failures of cables are analyzed and the conclusion 
drawn that overheating is the most important for consideration. 

Methods of removal of heat from the cables are considered, 
and recommendations made for flooding the conduit with water, 
in order that the copper in underground lead-covered cables may 
approach the transmitting capacity of aerial cables. 


pus COST of underground cables for power distribution has 

doubled within the past two years and operating companies 
feel loath to meet increased demands by the purchase of new 
cables at the present inflated prices, when it is not known that 
either demands for power or the increased prices of cables will be 
permanent. It, therefore, now often devolves upon the operating 
engineer to devise ways and means for working present installa- 
tions to а capacity much greater than they were supposed to 
have. 

Cable manufacturers have endeavored, from their experience, 
to give the purchaser some idea of the carrying capacity of the 
cables sold, but the first hand experience of the manufacturers 
usually ends with the delivery of the cable; hence the data and 
information given out have about the same relative reliability as 
those furnished by generator manufacturers for the capacity of 
generators in the days when such capacity was rated on the 
temperatures of the outflowing air instead of the temperatures of 
the inside hottest parts of the coils. 

The fundamental causes of cable break downs have not been 
differentiated from local causes, as data and information ac- 
quired by individual cable manufacturers have usually been in- 
fluenced by local conditions of installation and use, with the 
result that the fundamentals have not been clearly emphasized 


Manuscript of this paper was received March 30, 1917. 
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and users with varying local conditions have received much mis- 
information. 

For instance, many of the largest distributing systems using 
underground cables are in large cities where a very low load factor 
exists and there is a relatively small concentration of power 
delivery through any one conduit. Under these conditions, 
cables would naturally be given a higher rating than would be 
considered for places where they operate under a much higher 
load factor, as in the case of power distribution having the char- 
acteristics of the one with which the writer is connected, where 
the yearly load factor is in excess of 91 per cent and the daily 
load factor is in excess of 98 per cent. It is apparent that with 
this high load factor, cables have no chance to use off peak 


DEGREES CENTIGRADE 


Fic. 1—(1) Joint COMPOUND, (2) CABLE OIL, 
(3) MIXTURE OF 1 To 1 JOINT COMPOUND AND CABLE OIL 


periods to dissipate the heat accumulated during peak periods. 
The concentration of a large number of cables in one conduit 
also has a direct influence on their total capacity. 

Assuming cables to be made of good material and with good 
workmanship and design, I venture to propose the following as 
the fundamental causes of failure, viz.: Joint troubles, mechan- 
ical injury to lead sheaths, and overheating. 


JOINTS 


Under this heading may be noted: 

1. Those troubles which arise from improper making of the 
joint, due to improper workmanship, poor material, inexperience, 
etc., the remedy for which is principally accumulation of knowl- 
edge by actual experience and practise. 
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2. "The incorporation of a joint filling compound that has not 
the same characteristics as the insulating compound used in the 
cable itself. | 

Cable insulation compounds are nearly always of a light color, 
while joint compounds are usually black. The mulatto combina- 
tion of these two materials (each of which may be of the highest 
quality in its own clear unadulterated state) may produce a mix- 
ture having very different insulating characteristics from either 
of the original compounds. In the writer's experience, one whole 
system of cables had to be replaced on account of break downs 
in the vicinity of the joint wherever the cable insulation and the 
joint compound mixed. At that time a test was made of the in- 
sulating characteristics of the mixture for different temperatures 
and it was found that, while neither of the compounds in their 
clear form showed an insulation break down within the operating 
temperatures, the mixture did, and the curves in Fig. 1 show the 
relative conditions found to exist. 

In a case like this, the operating engineer, being unable to 
wrench the secrets of the nature of the component parts of the 
insulating materials from the manufacturing company, was 
obliged to make further requirements of the cable manufacturer 
to the effect that he furnish a joint compound which would not 
show this objectionable effect. As the reinstallation of the 
cables under this method of procedure proved satisfactory and 
lasting, it has been assumed that in the privacy of the manufac- 
turer's laboratory such changes were made in the joint or cable 
compounds that they maintained the high insulating characteris- 
tics even in the mixture. - 

Some expert joint makers contend that, if, 1n the handling 
of cables either at the factory or in the manhole, they are cut 
and allowed to hang down and bleed slightly, a bubble of air is 
liable to get into the cable, replacing the fluid which has bled. 
This bubble causes no disturbance until the cable 1s in operation 
and thoroughly heated up, when it may, by expansion, displace 
insulating compound and decrease the insulation at some special 
point, causing a slight leak of current with the resultant charring 
of the insulating materials and the production of a hot spot, 
whose temperature soon passes beyond the current resisting 
characteristics of the insulating material. This form of trouble 
often proves very elusive, as, in the case of the hot spot, as noted, 
if the cable is taken out of commission, cooled and again started 
up, the trouble may have moved several feet from the first loca- 
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tion, or may still be present in the cable even if the original 
hot spot is cut out. 


MECHANICAL ABRASIONS 


In regard to mechanical abrasions of lead sheaths, these 
troubles are positive and must show themselves sooner or later. 
The writer is not aware of any means of overcoming these 
troubles in cases where due care has been taken in the insulation 
of the cable, except to let nature take its course. If the condi- 
tions surrounding the operation of the cable are such as to force 
the early determination of these mechanical faults, the assurance 
of future continuous operation is greatly increased. 


OVERHEATING 


The production of heat within the cables is a direct function 
of the square of the current transmitted as represented by the 
ГК losses; and also of any dielectric loss, which is a function of 
the voltage and temperature of the insulating materials. Any 
heat produced in the cable must be dissipated through the in- 
sulating materials, the protective sheath, the conduit structures, 
and the surrounding medium, if the cables are to be kept at a 
temperature within the range necessary to maintain their 
insulating characteristics. 

The paper of paper-insulated cables belongs to that class of 
materials whose insulating value decreases with the rise of tem- 
perature; therefore, within working limits, the cooler the cable 
is kept the less the dielectric loss. 

An instance of the destruction of paper insulation under high 
temperatures was noted in taking out a length of cable in which 
a section, at least fifty feet from where any known trouble had 
existed, was found where the paper insulation had practically 
disappeared. The three conductors holding their relative posi- 
tions for about two feet, the lead sheath being fully intact but 
only half filled with ashes from the destroyed insulation. This 
cable, while in operation had given no trouble at this place on a 
12,000-volt working circuit. 

The problem, therefore, resolves itself into a control of the 
dielectric loss and into an even and rapid dissipation of all heat 
produced within the cable. * The retention of a constantly pro- 
duced heat, no matter how small, would result in the building 
up of temperatures not only such as to destroy the insulating 
characteristics of the cable structures, but to destroy the cable 
itself. 
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It is apparent that the area of obstruction to rapid dissipation 
of heat from the cable or conduit may not be in the cable itself 
or in the conduit structures, but may be a factor of the quality 
and condition of the earth surrounding the conduit; thus, a cable 
system installed under the sod at the side of a paved street may 
have a very different radiation coefficient from a similar conduit 
under the pavement of the same street. 

In a paper by Mr. L. E. Imlay in 1915 this matter was brought 
up, and the suggestion made of dampening the earth on the out- 
side of the conduit by means of porous tile laid in the ground 
outside, which, undoubtedly, is a step in the right direction. 

In the writer's experience, a 12,000-volt, 3-conductor, 4-0 
cable was found to transmit 190 amperes per leg easily when 
the conduit contained but one cable, while this same cable could 
transmit only 140 amperes per leg with the same rise of tempera- 
ture through the same conduit when other similar cables had 
been added and were all connected in parallel. This would 
indicate that, in the particular instance noted, which was through 
clay soil and under a paved street, the obstruction to the dissipa- 
tion of heat was in the earth surrounding the conduit structure. 
It was also noted that in this conduit, which was made up of 
nine ducts, an installation of eight cables in the outside ducts 
would transmit practically the same amount of power for the 
same rise of temperature as would be transmitted when the ninth 
cable was installed іп the central duct. "This 1ndicates that апу 
conduit has a total carrying capacity dependent upon the ex- 
terior surface of the conduit structure in contact with the sur- 
rounding earth. In Niagara Falls, under paved streets, in clay 
soil, and without artificial cooling, the capacity of any one con- 
duit system 1s restricted to approximately 30,000 horse power. 

That a cable may for a short time, without permanent injury 
carry power far in excess of its ordinary capacity was shown by a 
case where seven cables were furnishing power to a customer. A 
short circuit occurred that opened the breakers on six of these 
but the seventh failed to open. Тһе needle of the dial on the 
instrument of the switchboard not being in sight, the operator 
did not notice that it had disappeared at the upper end of the 
scale, and he, therefore, left the cable in circuit while waiting 
advice from the plant to again put on the power. This not being 
received in the ordinary time, he called up and found that the 
customer was not cut off. Ап examination of the recording 
wattmeter indicated that the seven cables were delivering 
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approximately 22,000 kw., that when the six were opened the 
power dropped to 18,000 kw. and gradually ran down during a 
time of 17 minutes to 9,000 kw., at which time it was taken out of 
service by the station operator. On examining this cable in the 
conduit it was found to be extremely hot and with several of the 
joint sleeves broken from internal pressure of compounds or 
gases. Upon cooling it down, filling up and resealing the joints, 
the cable was again put in operation and has been doing its work 
satisfactorily for four years. 

In a recent construction of a hydroelectric power plant a sav- 
ing of $500,000 was made on the first cost by adopting a speed of 
300 rev. per min. instead of 180 rev. per min.; therefore, why 
should not a similar effort be made to decrease the first cost of 
conduit and cable distributions of power by speeding up the dis- 
sipation of the heat formed by the ГЛ losses, at least to the 
point where іп any cable system, the power value of the PR 
losses may be made to balance the operating expense of increased 
construction and installation. 

It is, therefore, suggested that the dissipation of heat by water 
be applied to new and permanent construction and that, in 
places where such construction is possible, conduit systems should 
be built so that the ducts can be flooded with water and cables 
operated under practically submarine conditions. Bare copper 
wires in aerial transmission lines now carry approximately twice 
the current that is carried in the corresponding conductor of an 
underground paper-insulated cable and, if the lead sheath of the 
cables were kept at a temperature below 60 deg. cent. by the 
presence of water, the carrying capacities of underground cables 

could be made to nearly approach that of bare aerial conductors. 
-= Тһе rapid and definite dissipation of the heat from the cables 
with water immediately surrounding them would not only 
greatly increase the carrying capacity of any particular cable 
or of a particular conduit system, but would decrease possibilities 
of cable trouble from all other causes except mechanical injuries 
of the lead sheath. 


Presented: at а meeting of the Schenectady Section 
of the American Institute of Electrical Engi- 
neers, Schenectady, N. Ү., May 4, 1016. 
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ILLUMINATION OF THE PANAMA-PACIFIC INTER- 
NATIONAL EXPOSITION 


BY W. D'A. RYAN 


ABSTRACT OF PAPER 

In this paper the author, who was Chief of Illumination for 
the Panama-Pacific International Exposition in San Francisco, 
describes the system of lighting adopted for the Exposition, 
which was generally conceded to have initiated a new era in the 
art of illumination. .From a narrow engineering point of view 
the lighting would have been regarded as inefficient, but the 
object striven for was to suppress high intrinsic brilliancy, while 
bringing out the architectural beauties of the Exposition struc- 
tures in the most effective manner, bathed in a harmony of color. 
Many beautiful effects were obtained by the various installations 
which are described, and one of the most original features was the 
successful effort to preserve the curvature and detail in relief by 
the use of lights of different strengths and colors thrown from 
different or opposite directions upon the same object. 


HE illumination of the Panama-Pacific International Ex- 
position was finally classed by the International Jury of 
Awards as a ''decorative art”, largely because it appealed to the 
imagination and feelings of the masses, and carried a message 
much the same as painting or mustc, as demonstrated by the 
happy enticing effect of the heraldic banners on the Avenue of 
Progress, the deep mystery in the Court of Abundance, the 
grandeur and uplifting effect of the great candle-fountains in 
the Court of the Universe, the quiet peaceful illumination in 
the Court of the Four Seasons and on the Palace of Fine Arts, 
the Alladin dreams and fairy-like suggestions of the illuminated 
towers, flags, reflections and other features which made up the 
lighting as viewed from the South Gardens. 

In this connection I wish to quote Edwin Markham's impres- 
sions gained on try-out night, February 15, 1915: 

“I have tonight seen the greatest revelation of beauty that was 
ever seen on the earth. I may say this, meaning it literally 
and with full regard for all that is known of ancient art and archi- 
tecture, and all that the modern world has heretofore seen of 

Manuscript of this paper was received July 24, 1916. 

NoTE: The colored illustrations for this paper were supplied through 


the courtesy of the Schenectady Section of the American Institute of 
Electrical Engineers. 
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glory and grandeur. I have seen beauty that will give the world 
new standards of art and a joy in loveliness never before reached. 
This is what I have seen—the courts and buildings of the Panama- 
Pacific Exposition illuminated at night." 

The illumination of the Exposition was based on developments 
of the science of lighting, and represents results of personal 
experience in this field extending over a period of twenty years. 

The lighting for the Exposition was completely designed in the 
latter part of 1912 and every feature was carefully calculated, 
as there was practically no opportunity for trial, owing to the 
radical nature of the scheme and scope. Тһе buildings of pre- 
vious expositions had in the main been used as a background 
upon which to display lamps. Тһе art of incandescent out- 
lining, notably the beautiful effects obtained at the Рап-Атеп- 
can Exposition at Buffalo, could probably not be improved 
upon, and furthermore, this form of lighting had been extended 
to amusement parks throughout the world and had become 
commonplace. Its principal disadvantages were the diminution 
of artistic effectiveness at close range, similarity in effects from 
different view-points, the suppression or complete obliteration 
of architectural features, and the economic necessity of extensive 
untreated surfaces. Furthermore, the glare from so many ex- 
posed sources when assembled on white or light-colored buildings, 
caused severe eye strain. | | 

The lighting scheme and scope of the Panama-Pacific Inter- 
national Exposition called for a radical departure from previous 
practise. Incandescent outlining on the main group of palaces 
was avoided, and screened or masked flood and relief lighting to 
produce the third dimension or depth, substituted, and great 
care was exercised to preserve the architectural features and 
color, with proper relative intensities. For the first time at an 
international exposition, the illuminating sources, whether arcs, 
incandescent or gas, lost their identity as such. While a uniform 
system was maintained throughout, each court possessed its 
individual characteristics with radical differences, and at the 
same time the transition from one effect to another was har- 
monious, even to the extent of an intermediate step or carnival 
effect on the Avenue of Progress connecting the Zone and the 
main group of palaces. 

During the pre-exposition period, there were many who main- 
tained that the general public would not be attracted except by 
the glare of exposed brilliant sources. Тһе lighting of the Ex- 
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position, however, immediately disproved this theory and a 
strong psychological appeal was made by the highly artistic 
lighting effects. 

During the period elapsing between the Louisiana Purchase 
Exposition and the Panama-Pacific International Exposition, 
wonderful advances had been made in the efficiencies of all 
types of lighting units. This made it possible to illuminate in 
the main group of buildings, approximately 8,000,000 sq. ft. 
(743,200 sq. m.) of horizontal and vertical surfaces to an illumi- 
nation ranging from 1/10 to 1/4 of a foot-candle in the incidental 
gardens and roadways, from 1/4 to 3 foot-candles in the building 
facades and adjacent lawns and gardens, and from 5 to 15 foot- 
candles on the towers, flags and sculptural groups. Тһе lighting 
load on the main group of buildings, including the window light- 
ing and the scintillator, was approximately 5000 kw. The total 
connected load for all purposes, including Zone, Foreign and 
State sections and exhibitors, for light and power, was 13,954 
kw., with a maximum peak of 8200 kw. and an average peak of 
7880 kw. During the Exposition period of approximately ten 
months, a total of 16,057,790 kw-hr. was purchased from the 
Pacific Gas and Electric Company. Of this amount, 5,582,906 
kw-hr. were sold to exhibitors and concessionaires, the енн 
10,474,884 kw-hr. being used by the Exposition. 

While the lighting of the Exposition was primarily electric, 
all modern sources of intrinsic merit were used, and a number 5 
"excellent gas features were introduced. About four miles of 
streets in the Foreign and State sections were illuminated with 
Penn globe high-pressure gas “arcs,” in 20-in. (508-mm.) 
opal globes mounted with their centers about 16 ft. (4.9 m.) 
above the roadways on ornamental poles spaced approximately 
100 ft. (30.5 m.) apart, staggered. The same type of lamp was 
used for emergency lighting on the kiosks throughout the grounds. 
Five-mantle Humphrey gas “агс5” enclosed with ornamental 
lanterns were used in pairs oh the standards in the Zone (amuse- 
ment section) and the same type of lamp, of smaller sizes, 
furnished emergency lighting at the gates and important exits 
from the main group of buildings. Gas flambeaux were intro- 
duced in the effects in the Court of Abundance and the North 
Approach. The total gas flow for the purposes mentioned was 
approximately 15,000 cu. ft. (425 cu. m.) per hour. The 
average amount of gas consumed daily at the Exposition for 
all purposes was 486,550 cu. ft. (13,780 cu. m.). Тһе total 
amount purchased by the Exposition Company during the 
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Exposition period was 121,913,500 cu. ft. (3,452,590 cu. т). Of 
this amount only 25,101,496, cu. ft. (710,874 cu. m.) was used by 
the Exposition Company, the remainder being sold to exhibitors 
and concessionaires. 

In order to obtain а harmonious illumination scheme, it was 
necessary to visualize the lighting as a whole, and to establish 
illumination and color values for every part of the Exposition 
before definite specifications for lighting equipment could be 
made. Тһе preliminary tests and calculations on lighting units 
that had been selected for use at the Exposition were made at 
the Illuminating Engineering Laboratory. Тһе work of calcula- 
tion was greatly shortened and simplified by the use of various 
graphical charts, one of which, an illumination chart, 15 described 
by Mr. Frank A. Benford, Jr., in the Transactions of the 
Illuminating Engineering Society*. The lighting units were all 
new developments, in many cases used in new ways. This 
necessitated a vast amount of preliminary investigation which 
usually took the form of calculations of the illumination on the 
grounds, facades and towers. From these calculated values it 
was possible to determine if the selected lighting units were of 
the right size and were properly arranged on the preliminary 
plans. As soon as any particular phase of the lighting was 
fully decided upon, the illumination and luminous flux values 
were calculated in all their minute details, so that long before 
the Exposition opened there were on hand complete sets of 
illumination diagrams for all the various courts, buildings and 
towers. Some of these diagrams are illustrated by Figs. 7, 8, 
16, 20 and 23, which are referred to later. 

The principal features of the lighting are described under 
their respective headings and illustrated by the accompanying 
plates. : 

Luminous Effects іп Tower Illumination. This illumination 
consisted in flood-lighting the towers with a white rising light 
which created shadows. Тһе shadows were in turn illuminated 
by concealed colored light on the various stages, thereby pro- 
ducing detail in shadow. "This combination gave the structures 
a luminous effect never before obtained. "These towers further 
illustrated the preservation of depth, or the third dimension 
in light, which feature predominated throughout the Exposition. 
The Tower of Jewels was flood-lighted by batteries of arc pro- 
jectors located on the roofs of the main group of palaces, the 


*Vol. VII, page 695, 1912. 
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Fig. 2—Breaking Up of Incident Light Passing Through Novagem 
Jewels 
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Fig 3—Spectra Produced by Single Beam of Light 


Fig. 3A—Increased Spectra Due to Use of Mirror 
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South Garden pavilions and the Scott Street entrance gate. 
In order to obtain the proper gradation of light with an economic 
distribution, it was necessary to equip the majority of the pro- 
jectors with properly designed diverging doors. А complete 
‘set of color screens at each projector enabled the changing of 
the color tone of the tower on very short notice. The base 
section was necessarily carried in the same relative illumination 
as the building facades. Above this section there was a rising 
illumination to approximately 20 foot-candles on the top ball. 
The average value for all levels was 10 foot-candles. The 
shadows cast by the rising searchlight beams were illuminated 
by rose red relief lighting. At the top level there were four 
80-і. (762-mm.) arc projectors equipped with changeable 
color screens for spectacular and heightening effects. Тһе twin 
Italian towers at the entrances to the Courts of Palms and 
Flowers were lighted in a similar way. | 

* Novagem" Jewels. “Моуарет” jewels are scientifically cut 
glass of high index of refraction, made to imitate diamonds, 
rubies, sapphires, emeralds, etc. Each was mounted in a suspen- 
sion carrying a mirror at the apex of the stone, which increased 
the spectra approximately forty per cent. These jewels were 
used to carry architectural lines in addition to being massed on 
shields and other points. They were mounted in such a way that 
they were kept in motion by the wind, thereby adding action 
to the effect when' illuminated with projected light, which, 
especially in the white stones, produced all the colors of the 
spectrum with unusual purity. 102,000 47-mm. diameter jewels 
were used on the Tower of Jewels, and about 4000, in sizes from 
21 to 47 mm., were hung on the star heads of the seraphic figures 
in the Court of the Universe. Fig. 1 shows one of the novagems 
mounted in the brass holder. Fig. 2 illustrates the breaking up 
of the incident light passing through one of the 47-mm. stones. 
Fig. 3isa reproduced from a photograph of the spectra produced 
by a single beam projected normal to the plane of the table. 
Fig. 3A shows the increased spectra due to the use of the mirror. 

The following table gives the indices of refraction, specific 
gravity and weight of the 47-mm. stones: 


Indices Specific gravity Weight, 47-mm. 
Yellow...... ...1.609 3.925 0.235 lb. avoir. 
White.......... 1.616 3.589 0.221 lb. Е 
Pink...... TN 1.618 3.595 0.216 1b. 
КиһЬу........... 1.618 3.87 0.237 lb. 
Amethyst....... 1.616 3.55 0.234 lb. 


- 
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The Electric-Steam Color Scintillator. The scintillator consisted 
of combining searchlights in systematic drill in colored and white 
beams with smoke and steam, so as to produce spectacular 
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Fic 4—ELEcTRIC COLOR SCINTILLATOR 


effects or fireless fireworks, both aerial and on the ground, pos- 
sessing artistic color combinations and blendings impossible with 
ordinary fireworks. This was further enhanced by the running 
of a large express locomotive at high speed under brake so as to 


Screen 
Storage 


Fic. 5 — Cross SECTION OF ELECTRIC COLOR SCINTILLATOR 


produce large volumes of smoke and steam which wereilluminated 
in color. Other steam effects were in the form of fans, plumes, 
wheels, fighting serpents, etc. This battery was composed of 
48 36-in. (914-mm.) hand-controlled arc projectors. They 
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were operated at nominal 110 volts, 110 amperes, and with the 
resistance consumed a total of 581 kw. Тһе beam candle power 
of each was approximately 55,000,000, or an aggregate of 2,640,- 
000,000 for the battery. With the equipment of each pro- 
jector was a set of seven colored gelatine screens, treated with 
spar varnish and turpentine as a protection against moisture. 

These searchlights were located on the double deck pier on 
the north breakwater of the yacht harbor (Fig. 4), which was 
constructed as shown by the cross-section drawing (Fig. 5). 
Part of the space below the upper deck was used for housing the 
color screens, resistance boxes and distribution system, as well 
as a 250-kw. motor-generator set (see photographs) which sup- 
plied part of the power for the projectors. Тһе remainder of 
the power necessary was taken from a 1000-kw. set located in 
the Palace of Liberal Arts. 

The locomotive, steam apparatus and fireworks mortars were 
located on the south breakwater of the yacht harbor (Fig. 6). 
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In addition to supplying the various steam effects such as plumes, 
chromatic wheels, fairy feathers, etc., this locomotive, which was 
a modern Southern Pacific oil-burning passenger type, was 
blocked up and locked so that the wheels could be driven at a 
speed of 60 miles (97 km.) per hour under brake. Thus 
great volumes of steam and smoke were produced, which, when 
illiminated with various colors, created a wonderful spectacle. 
Banner and Cartouche Lighting Standards. The banner stand- 
ards consisted primarily of anywhere from two to nine orna- 
mental luminous arcs mounted on 25- to 55-ft. (17- to 7.6-m.) 
shafts, the lamps being screened by banners in such a way that 
they flood-lighted the buildings, lawns, trees and shrubbery, and 
at the same time, the direct source was not visible in the main 
vistas. These banners, which formed decorations by day and 
beautiful spots of color by night, were hung so that they moved 
in the wind, adding action to the effect. At the same time, they 
were weighted and guided in such a manner that they did not 
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expose the source or become self-destructive by whipping. As 
a matter of further interest, the history of California and the 
Pacific ocean was written in the designs on the three-, five- and 
seven-light banners, by the use of the heraldic shields of the 
early explorers and pioneers. Тһе banner standards were used 
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Light reflected from banners adds 20 per cent to the above values 


for flood-lighting the Court of the Four Seasons, the Palace of 
Horticulture, Festival Hall, all palaces fronting s.—the Avenue 
of Progress, and the central group on the Avenue of Palms. 
The three isolux diagrams shown in Fig. 7 give the foot- 
candle values obtained in preliminary calculations for the illu- 
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mination of the exterior facades of the main group and furnished | 
a basis for estimating the number of lamps required for general - 


surface illumination. Fig. 8 shows a preliminary curve of foot- 
candle values calculated for.the building facades within the 
Court of the Four Seasons. The photometric test values taken 


under operating conditions checked very closely with these | 


original calculated values. 


The cartouche standard was of he same order as the banner 


standards, except that painted translucent fabric was used in 
place of canvas, which was not free to move, being held rigidly 
in the cartouche. In addition to screening the direct light from 
the people, it created pleasing spots of color in contrast with the 


DISTANCE FEET 


FOOT-CANDLES 
VERTICAL SURFACE 
ILLUMINATION 


Fic. 8—VERTICAL SURFACE ILLUMINATION— COURT OF THE FOUR SEASONS 


walls of the buildings and supplemented, with the banner stand- 
ards, the flag illumination or sky line effect. 

Тһе flags on the buildings fronting on the Avenues of Palms 
and Progress were individually lighted by 13-in. (83-cm.) arc 
projectors, 100 units being used for this purpose. Economic 
reasons necessitated the designing of an incandescent projector 
for the lighting of the flags on the north and west walls and in 
the courts. This unit (Fig. 9) was constructed of an 11-іп. 
(28-cm.) diameter parabolic mirror surrounded by a double 
row of small plain mirror panels which extended the parabola, 
thus increasing the efficiency. Two hundred projectors of this 
type with 500-watt mazda stereopticon lamps were used. 

Electric Kaleidoscope. Тһе electric kaleidoscope was designed 
to create exterior effects on the glass dome of the Palace of Horti- 
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culture, such as revolving bars, rings and spots in astronomical 
movements or the dissolving of colors from one shade or tint to 
another, without a sharp line of demarcation. 

It consisted primarily of a battery of twelve 30-in. (762-mm.) 
arc projectors, arranged around a central structure as shown in 
the plan view, Fig. 10. Тһе light from these twelve projectors 
passed through a common orifice in the top platform of the 
structure, at which point were located specially cut revolving 
interchangeable lenses. Before passing through the lenses the 
projected beams of light were intercepted by revolving color 
screens and shadow bars. Each one of these units was operated 
by an individual mechanism and independently of one another, 
as shown by the photographic and elevational view in Figs. 11 
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and 12. Тһе different types of lenses were made up in sets of 
four separate quadrants (Fig. 13), which permitted the use of 
any combination of lenses desired at the same time. With this 
flexibility of lens combinations, together with the interchangeable 
color screens and shadow bars, it was possible to obtain a variety 
of effects. ! 

N. B. The glass in the dome of the Palace of Horticulture 
was not in accordance with specifications. Тһе results, while 
generally satisfactory, could not come up to anticipations, due 
to the lack of sufficient diffusion in the glass. 

Indirect Lighting for Large Auditoriums. This lighting is 
applicable to large auditoriums or large places where concealed 
lighting is desired, but where the dome or ceiling construction 
does not permit the use of it. The system consists of placing a 


1916] PANAMA-PACIFIC EXPOSITION | 425 


battery of searchlights beneath the main floor and concentrating 
the beams on a diffusing plate in a central screened opening for 
re-distribution to the ceiling. 

This was demonstrated by the installation in Festival Hall 
before the building was converted into a theater. Twelve 18-in. 
.(457-mm.) projectors were used, giving a combined beam 
candle power of approximately 114,000,000. Inasmuch as a 
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Fic.M0—PLAN View oF ELECTRIC KALEIDOSCOPE— PALACE OF 
HORTICULTURE 


large city sewer ran directly underneath the center of the build- 
ing, it was necessary to locate the projectors in respect to it, 
as shown in Figs. 14 and 15. Fig. 16 shows a preliminary cal- 
culated illumination curve for the ceiling and walls. 

Non-Glare Art Gallery Illumination. In the lighting of the 
Palace of Fine Arts a system was designed whereby the lamps 
were placed above the skylight and around the perimeter. By 
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the combination of a suitable angle reflector and the proper dif- 
fusion glass a good general distribution was obtained on the 
hanging surfaces, and specular reflection was further reduced 
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Fic. 11—ELEVATION OF ELECTRIC COLOR KALEIDOSCOPE-— PALACE OF 
HORTICULTURE 


by the use of shadow curtains on the under side of the skylight. 
For economic reasons the shadow curtains were finally omitted. 
This system of lighting has considerable advantage over the 
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Fic. 13—LENs QUADRANTS FOR ELECTRIC KALEIDOSCOPE—PALACE OF 
HORTICULTURE 


common practise of distributing lights generally over the sky- 
light, which produces strong specular reflection and also gives 
the greatest illumination on the floor in the center of the room, 
where it is least desired. 
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High Bay Lighting. For the illumination of high bays, large 
units, singly or in pairs, were placed at the maximum height 
in special reflectors (Fig. 17), designed to prevent waste illumi- , 


Passage Way 


Fics. 14 AND 15—PLAN ОЕ INDIRECT LIGHTING— FESTIVAL HALL 


nation on vertical surfaces and obtain maximum intensity on 
the floor with relatively uniform distribution, and absence of 
spots. The main buildings of the Exposition were lighted in this 
way, using only one-tenth watt per square foot with the mazda 
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B lamps, resulting in approximately one-half foot-candle average 
illumination for lamp heights, in some cases over 100 ft. (30.5 m.) 
above the floor. This illumination was primarily for janitor and 
police service, exhibitors being required to furnish their own 
lighting. 

“Life Within” Effects. At previous expositions the windows 
were dark at night, producing a gloomy effect. In addition to 
lighting up the general architecture with proper relative values 
of illumination, lights were placed behind the windows which 
had been glazed with diffusing glassware, having a good daylight 


Fic. 16—INTERIOR SURFACE ILLUMINATION— FESTIVAL HALL 


texture. In some cases, for the introduction of color, the diffu- 
sion was increased by painting the glass. The general effect at 
night was of festivity, of “е within", which added animation 
to the general charm of the Exposition, particularly when viewed 
from an elevation. 

Lamps for window lighting ranged in size from 60 to 250 watts, 
depending upon the size of the window to be lighted. The 
clerestory windows which were unpainted, were lighted by 150- 
watt lamps dipped in orange lacquer. Practically all of the 
entrance windows were painted, and these were illuminated by 
clear lamps in sheet tin extensive reflectors. Allof the window 
lights, with the exception of those in the domes, were suspended 
on drop cords. The dome windows were lighted by 250-watt 
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lamps in angle reflectors mounted five feet to the rear of the 
windows. 

Combination Fountain and Light Sources. Тһе original foun- 
tains of the Rising and Setting Sun, in the Court of the Universe, 
designed by McKim, Mead and White, were 65 ft. (20 m.)high. In 
order to accommodate the lighting the architects increased the 
height to approximately 95 ft. (29 m.) and constructed them 
as shown in Fig. 18. Тһе flutes of the 31-ft. (9.4-m.) section 
beginning at a point 37 ft. (11.3 m.) above the ground surface, 
were made of 3-іп. (6.35-mm.) thick special diffusing glass, 
backed up by a secondary sheet of sand-blasted glass to eliminate 
structural shadows. By arranging 96 1500-watt mazda lamps 
in twelve rows of eight each, this section of the fountain became 
an immense candle or light source at night. То dissipate the 
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Fic. 17--Нісн Bay REFLECTOR 


heat generated by this bank of lamps, consuming 144 kw., a 
5-В.р. blower was installed in the base of each fountain and 
created a forced cooling draft which was discharged from air 
vents at the base of the ball surmounting the shaft. This ball 
was lighted from the inside by eight 250-watt mazda lamps. 
Notwithstanding the fact that the 96 lamps in each one of these 
fountains had a combined initial spherical candle power of 
approximately one quarter of a million, the intrinsic brilliancy 
was relatively low and did not cause disagreeable eye strain. 
The horizontal and vertical surfaces illuminated by the two 
fountains were approximately one-half million square feet 
(46,450 sq. m.). 

To carry out the night effect of these fountains, the figure 
surmounting the glass ball was lighted by two 6-volt, 108-watt 
incandescent spot-lights located on the roofs of the adjoining 
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buildings. The sculptured friezes above the two basins were 
lighted by twenty-four 150-watt lamps in weatherproof solid 
body angular reflectors submerged in each basin (Fig. 19). The 
isolux chart in Fig. 20 shows the initial calculated values for the 
Court of the Universe and the North Approach. Тһе isolux 
curves shown in the court proper were calculated from the 
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Fic. 18—ELEVATION OF FOUNTAIN IN THE COURT OF THE UNIVERSE 


initial candle power values of the 1500-watt lamps іп the four- 
tains. Subsequently, for economic reasons, the illuminatio f? 
was reduced by lowering the voltage оп the lamps in order tO 
lengthen their life. The approach to this court was lighted DY 
sixteen 1500-watt lamps, installed in a shell design type <> 

standard. These standards were located on the balustrad € 
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surrounding the central pool and flood-lighted the building 
facade, the promenade receiving most of the light by reflection 
from the large columns and the overhanging cornice. 

Relief Wall Lighting by Concealed Sources. Тһе practise of 
past expositions has been to place exposed lamps on the rear of 
the columns to light the back walls. This resulted in lines of 
light being visible from almost any point of view, which de- 
tracted from the appearance of the columns. 

In the lighting of the colonnades in the Court of the Universe 
and the Court of the Four Seasons, three column cups were sunk 
into the central flute in the rear of each column, in the case of 
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Fic. 19—Ско$$ SECTION OF ANGULAR WEATHER-PROOFED REFLECTOR 


the former, and on the center line of the plain columns in the 
latter case. These column cups were of pressed opal glass and 
embedded in the columns (Fig. 21) and spaced 10, 22 and 34 
ft. (3.05, 6.7 and 10.4 m.), respectively, above the floor level 
of the colonnade. Fig. 22 shows the distribution character- 
istics of this type of cup with a 150-watt clear mazda lamp. 
The walls were illuminated with a rising light resulting in a total 
absence of specular reflection and an average illumination on the 
wall surface of approximately 4 foot-candles. The illumination 
curve (Fig. 23) shows the values obtained on a vertical line 
directly back of one of the columns and curve a-a, Fig. 20, shows 
the calculated illumination on a horizontal line along the wall 
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surface 6 ft. (183 cm.) above the floor level. While the column 
cups were invisible from any part of the court proper, when 
viewed from the rear of the colonnade they appeared like great 
drops of molten metal, producing an unusual effect. 

The Creation of Mystery in the Lighting of Open Courts. Іп 
designing the Court of Abundance, the architect wished to im- 
press as far as possible a feeling of mystery, or something carrying 
the mind down through the ages. This effect was strengthened 
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Fic. 21—Cross SECTION OF COLUMN Сор 


by a harmonious blending of illumination by searchlights, 
incandescent lights, gas flambeaux and illuminated steam. 

The general illumination of this court came from three sources: 
the snow crystal standards, the cloister lanterns and the gas 
flambeaux. The snow crystal standard, or as it was sometimes 
called, the “sunburst” (because of the design suggestion), con- 
tained over 600 15-watt round globe orange-dipped incandescent 
lamps. There were two of these standards in the main court 
and four in the north approach to this court. On either side and 
at the spring line of each cloister arch there was suspended a 
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Gothic lantern with orange glass panels. In addition to lighting 
the cloister and the adjacent gardens these lanterns were es- 
pecially valuable for their decorativeness. Тһе gas flambeaux 
were formed by four rising serpents hissing fire into a flaming 
caldron. There were six of these located іп the court proper and 
sixteen in the north approach to the court. 

The additional *'effect" lighting came from the boiling steam- 
electric caldrons flanking the east and west entrances, the steam- 
electric torches of the organ tower, the flood and relief lighting 
of this tower and the illuminated steam issuing from the ball of 
the central fountain. The steam used in producing these effects 
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Fic. 22—CANDLE-POWER DISTRIBUTION OF 150-WATT MAZDA LAMP IN 
COLUMN Сор 


was delivered by a 15-h.p. gas-fired boiler located in the base of 
the organ tower. Тһе color tone of the court at night ranged 
from orange to rose red. 

Flood and Relief Lighting to Obtain Artistic Reflections. In 
order to create reflections of unusual beauty, especially in the 
illumination of the Palace of Fine Arts, banks of searchlights 
with diverging doors of varying degrees, designed to meet the 
requirements, were used to flood-light the building, producing 
what might popularly be called ‘‘triple moonlight". This was 
supplemented by concealed yellow incandescent light in the 
soffits of the cornices to the rear of the columns, thereby pro- 
viding three effects: flood lighting, relief lighting, or the com- 
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bination of both. Variety was obtained for special occasions by 
the introduction of color into the searchlight beams. 

Concealed Cascade Lighting. In the lighting of cascades at 
previous expositions, either the source has been visible, or a 
reflection of the source, which is equally undesirable. The 
cascades in the Court of the Four Seasons were so illuminated 
that neither the light sources nor their images in the water were 
visible. By the use of green light on the rear surface and red 
and orange on the front, the effect of iridescence was produced. 

Preservation of Curvature and Detail in Relief. The preservation 
of the curvature and detail in relief was accomplished by lights 
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Fic. 23—CourT or Four SEASONS—COLONNADE WALL ILLUMINATION 


A—150-watt Mazda lamps in column cups. B—2-light luminous arc banner standards. 
C—Column cups and banner standards. 


of different strengths and colors thrown from different or opposite 
directions on the same object. For example, to preserve the 
curvature of the walls and the relief of the figures in the four 
season niches of the Court of Four Seasons, 50 100-watt mazda 
lamps ranging from red to canary, in metal reflectors, were 
installed on the top rear side of the niche colonnade (Fig. 24). 

The main arches throughout the Exposition were lighted with 
concealed red light on one side and pale lemon yellow on the 
other. All of the lamps used in any one arch were of the same 
initial candle power, but, due to the difference in absorption 
of the two colors, the light from one side was of much greater 
intensity than from the other, thereby preserving the curvature 
and depth in relief. 
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Changeability of Lighting Effects. Three-hundred and seventy- 
three arc searchlights, ranging in size from 13 to 36 in. (33 to 
91.4 cm.), were used throughout the Exposition, and 450 con- 
centrated-filament mazda  searchlights, forming а so-called 
"mosquito fleet", were also employed. Ву the use of colored 
gelatine screens, it was an easy matter on short notice to change 
the entire aspect of the Exposition by coloring the lights on the 
flags, towers and buildings (flooded with searchlights) as well 
as the rays of the scintillator. For instance, on the 17th of 
March, the Exposition, including the canopy above, was illumined 
in green tones; on Orange Day, orange prevailed; on the “Міпе 
Years After" anniversary of the burning of San Francisco, red 
was the predominating color; and on Santa Clara Day, red and 
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Fic. 24—SEASON NICHE LIGHTING—COURT OF FOUR SEASONS 


white, the colors of the university, were used—thereby making 
it possible for the first time to introduce considerable variety 
on short notice, and at nominal expense, into the illumination 
effects of an international exposition. 

In conclusion, the lighting consisted primarily of direct, 
masked, concealed and projected effects, created by a harmonious 
blending of luminous arcs, searchlights, mazda lamps and gas 
lights. 

The high-current luminous arc lamp was selected for general 
flood lighting of the facades, lawns and shrubbery, on account of 
the white quality, high efficiency and relatively low maintenance 
cost where great quantities of light were required. 

The searchlights were used for illuminating towers and mina- 
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tensity were necessary. 
Mazda lamps, in all sizes from 10 to 1500 watts, were employed 


rets, flags and other features where concentration and high in- 


generally throughout the Exposition, especially where space was 


limited, where warm, normal tones were required and flexibility 


was of fundamental importance. 


High-pressure gas lighting played an important part in street 
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lighting in the Foreign and State sections, low-pressure gas fcr 
emergency purposes, and gas flambeaux for special effects. 

The unusual consideration given to esthetics and the sup- 
pression of high intrinsic brilliancy effects, naturally introduced 
certain features in the lighting which, from a purely engineering 
point of view, would be regarded as inefficient. Taken as a 
whole from the point of effects obtained, initial cost, maintenance 
and general efficiency, it was broadly conceded that the illumi- 
nation of the Panama-Pacific International Exposition surpassed 
that of all previous expositions. : 


GENERAL LIGHTING AND POWER DATA 
PANAMA-PACIFIC INTERNATIONAL EXxPOSITION— 1915 


Total kw. 


Incandescents installed and operated by. Exposition Co. (approx.) | 3650 
Luminous Arcs " 5 si M d ү; ' 548 
Searchlights 4 " e di 2 " 1792 
Pumps 66 “ “ [D 44 44 750 
Total Power and Light “ " 2) d " 6740 
State and Foreign Buildings Light Inside ерик xerox ERU E XEM 716 
" i Ve e Light Outside... ыры казы АЛ x 134 
22 Ө Е 21 POWER хыг фе БУДЫ ды ты қаны 75 
Total Power and Light—States and Foreign біев................................ 925 
ZONE LIght-Insidei 2:55» ыы ЕР RE Xe e Man eto oe B a NER beans 1352 
Light outside ұс зу ee dO ERE PER A Daas BIRR LETS ығы 676 
POWERS oi iva Ww EUER EN о 6% FADE c 875 
Total Power and їляһї——2опе................................................. 2903 
EXHIBITORS 13-05 Рао уу do a Gk Kosala dace dido ul vd ee Dea E se Ole ceu e poa 45 
DC т 618 
AU Lig Nes дау NG Е 1293 
АС PO WOE lois tes eo ce d ume SUL Sea E baec e aya ei Dua 1130 
Total Power and Light—Exhibitois........ ....................... m nnn 3386€ 
Total Connected Load at Ехровібоп........................................... 13954 
Peak Load, occurred February 20th, 7:45 р. тпп.................................. 8200 
Average Peak occ ров имж «Ра nw ee d 1880 
INSTALLED AND OPERATED BY EXPOSITION COMPANY 
Number 
Mazda incandescent outlets (арргох.)................................... ен еме 35000 
Mazda incandescent standards. ээ ил ХХ ОХУ Зара А ақа 588 
6.6-ampere ornamental luminous агсв........................................... 800 
Luminous arc standards........ САНАР ОҒАДА PT dM 208 
High-pressure gas "arcs"......... . ео ыы ri ard 275 
ыг К 2 75: (6 айайатавӊ) 2 эхо ла эш Oe ewe айл Энн цэг dic p dra 205. 
Lowepressure gas lamps iseer e шишек аа REA P RN 232 
Searchlights (100 13-in.; 200 18-in.; 25 30-in.; 48 36-іп.)........................ 373 


Total pieces of illuminating glassware (арргох.)................................. 5000 
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Fic. 34—VIEW or TOWER OF JEWELS SHOWING METHOD OF SUSPENDING 
JEWELS AND RED LAMP FOR RELIEF LIGHTING 
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This shows color screens resistances and distribution circuits. 
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Fic. 37—INTERIOR VIEW OF SCINTILLATOR PIER 


This shows motor-generator set with station apparatus. 
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Fig. 40—Night View West Entrance to Zone 


In addition to the concessionaires’ usual outline lighting, the exposition 
company maintained a combination system consisting of five-light Hum- 
Phrey gas arcs in ornamental lanterns and in pairs tied together by an arch 


of Mazda lamps with star-shaped triple reflectors supporting red ribbon 
festoons. 
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Fig. 43— South Portal— Palace of Industries 


S 
howing three-light, 35-foot Cartouche standards—tThis_ illustrates 
excellent depth of detail with normal shadows 
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Fig. 45— А Section of Court of Abundance 


Showing the organ tower and Aitken fountain, with steam caldrons and 
fiery serpent flambeaux—In addition to the happy effect of the orange 
colored cloister lanterns, the flaring gas and ruby steam caldrons and torches 
on the tower did much to heighten the feeling of mystery in this Court at 
night. 
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Fig. 48—Cusp Column Lights—Colonnade— Court of Universe 


These lights were used for illuminating the walls and ceiling at the rear 
of the colonnade and they incidentally suggested a rain of fire— This method 
made it possible to obtain the illumination without having the source exposed 
to view at any position in the main court 
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: Fig. 55—Tower of Jewels 
This tower was 435 feet high and was decorated with 102,000 Novagem 


Jewels—the tower was flood lighted with search-lights and the shadows 
were illuminated with rose red light 
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g illustration of light and shadow through the trees, and 


forming one of the most pleasing effects of the Exposition 


Fig. 57—Night View Under Trees—West Facade 
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Fig 59—Peristyle Palace of Fine Arts— South Wing 
А remarkable night picture 
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Fig. 60—Reflections of the Colonnade of the Palace of Fine Arts as 
Seen from the Rotunda 
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Fig. 63— The Electric-Steam-Color-Scintillator 
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THE FUNDAMENTALS OF SUCCESSFUL HIGH-TENSION 
CABLE JOINTS 


BY D. W. ROPER 


ABSTRACT OF PAPER 


The specifications are intended to apply in general to joints on 
cables operating at voltages above 10,000, and in particular to 
joints operating above 20,000 volts. The specifications include 
the following points: 

1. The cable sheath should be cut back from the ends of the 
conductor a sufficient distance to allow the application of the 
insulation to the joint without injuring the insulation around the 
conductors. 

2. Тһе copper splicing sleeves should have a carrying capac- 
ity at least equal to that of the conductors. 

3. Тһе ends of the copper splicing sleeve should be carefully 
tapered, rounded and finished so as to eliminate all sharp points 
or edges. 

4. The conductors should be separated from each other and 
from the enclosing lead sleeve by some form of solid insulation 
that will hold them in a fixed position relative to each other and 
to the enclosing lead sleeve. 

5. The filling compound should have sufficient dielectric 
strength, which should not be materially reduced at the maxi- 
mum operating temperature of the cable. 

a. It should be non-hygroscopic. 

b. It should not form cracks in cooling nor during cold 
weather. 

c. It should be sufficiently fluid when poured that it will 
flow into all air spaces before becoming chilled. 

e. It should be capable of being readily removed when 
necessary without injury to the insulation around the con- 
ductors. : 

f. Itshould not have an excessive co-efficient of expansion. 
6. The insulation should be applied and the compound 

poured in such a manner that the joint will be without air 
pockets or voids. 

7. АП moisture should be carefully excluded from the joint. 

8. If filling compounds with low melting point are used 
precaution should be taken to prevent the compound from 
running back into the cable at the maximum operating tem- 
perature. 

9. Тһе initials, or some other symbol, should be stamped 
on the joint to indicate the name of the Splicer. 

10. Тһе joint should be so located, supported and protected 
a it cannot be readily injured by men working in the man- 

ole. 


URING the past few years there has been a considerable 
increase in the number of companies installing cables for 
operation at voltages from 20,000 to 25,000. In some cases the 
Manuscript of this paper was received May 3, 1917. 
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companies in making the cable joints have attempted to use 
methods similar to those which have been found adequate on 
cables operating at material lower voltages. The results 
secured in this manner were frequently disappointing. Аз the 
other extreme, some companies have adopted a type of cable 
joint that required three men a day and a half to complete. In 
some companies one splicer and a helper make up two joints 
per day, although three can be made by the same crew under 
favorable conditions. 

It is probable that no two operating companies use the same 
methods and materials in making up their 20,000-volt cable 
joints. It is thought that if the engineers engaged on such work 
would agree upon the fundamental requirements of successful 
high-tension cable joints, some progress could then be made on 
standardizing such joints to the advantage of all concerned. 
The labor cost on the various joints being used by different 
companies for the same purpose probably ranges from $5 to $30 
and the time required ranges from a half day or less to one day 
and a half. The more expensive joints, which take so long to 
make, may in some cases be considerably stronger electrically than 
the cable, and perhaps somewhat stronger than necessary. Itisa 
very serious disadvantage in case of repairs following burnouts 
to take a day and a half to make up the joints necessary for the 
purpose. If a temporary joint is made up to reduce this delay, 
then the joint must be replaced later by the standard type of 
joint, and in the meantime there is a possibility of joint failure. 
If the nature of the burn-out has required the use of the cut and 
try method for locating the trouble it will probably be necessary 
to stop all other cable splicing work in order to secure enough 
cable splicers to make up the joints on the cable undergoing 
repairs. 

The following specifications are intended to apply to joints 
on cables operating at about 20,000 volts, or upwards, but in 
general they will be found of importance, though іп somewhat 
lesser degree, on cables operating above 10,000 volts. 

1. The lead sheath of the cable should be cut back from the 
exposed conductors so as to provide sufficient space for the 
application of the insulation around the conductors without 
danger of cracking the insulation near the end of the lead sheath. 

If this point is left to the judgment of the cable splicer he is 
liable to cut the lead back an insufficient distance so that in 
order to apply the insulation he will bend the individual con- 
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ductors so sharply near the end of the lead sheath that the in- 
sulation will be cracked. In order to prevent this trouble, the 
distance from the exposed conductors to the lead sheath should 
be about six or seven inches, depending upon the thickness of 
the insulation around the conductors. If the joint is to be 
insulated with wrappings of tape the ends of the insulation 
around the conductors should be tapered. 

2. The copper sleeves or tubes used in splicing the conduc- 
tors should be of such material and so proportioned that they 
will have a carrying capacity at least equal to that of the con- 
ductors. 

As the thickness of insulation in the joint will be greater than 
in the cable there will be a greater resistance to the radiation of 
heat from the joint than іп the cable. If in addition the copper 
sleeves have a carrying capacity less than that of the conductor, 
the temperature of the joint will be further increased. Experi- 
ence with paper insulated cables shows that the dielectric loss 
increases with the temperature, and that all forms of insulation 
have a critical temperature above which the dielectric loss is so 
great that the temperature will continue to rise due to the dielec- 
tric losses until burn-out occurs. This critical temperature is 
lower for cables impregnated with a resinous compound than 
with those in which a mineral compound is used. In order to 
avoid trouble from this cause the splicing sleeve should have 
ample conductivity. The copper sleeve, as well as the ends of 
the cable, should be thoroughly tinned, and the soldering of the 
joint should be carefully done so as to insure that the sleeve is 
entirely filled with solder. It is essential to have the sleeves 
heated to the proper temperature before filing with solder. 
Rolled copper tubing of a proper diameter, and with a length 
of about four times the diameter of the conductor, makes a very 
satisfactory sleeve. Ifthe splicing sleeves are made of brass they 
should be carefully tested to insure proper conductivity. 

3. "The ends of the copper sleeve should be carefully tapered 
and rounded, and the outer surface should be finished so as to 
eliminate all sharp points or edges. 

Sharp points on the exterior of the copper sleeve or the con- 
ductors wil cause an increase in the dielectric stress at these 
locations, and such points should therefore be very carefully 
avoided. For this reason the exterior surface of the splicing 
sleeves should be carefully finished and all small drops or points 
of solder should be removed with a file or emery cloth so as to 
leave a smooth, well-rounded surface. 
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4. Тһе conductors should be separated from each other and 
from the enclosing lead sleeve by some form of solid insulation 
so that they will retain a fixed position relative to each other 
and to the enclosing lead sleeve. 

The insulation of the joint may consist of 

a. Wrappings of insulating tape, or 

b. Formed or moulded insulation, such as tubes of paper or 
other solid insulating material. | 

If layers of insulating tape are used the splicer should be 
furnished with gages for determining when the proper amount of 
insulation has been applied. After this work is completed the 
` three conductors should be bound together in such a manner that 
they are equally spaced, and at the same time mechanically firm 
and substantial. This may be done by wrapping bands of tape 
at several points along each of the conductors, together with 
some bands around all three conductors at the same locations. 

When mechanically formed insulation is used care should be 
taken to see that the parts are so shaped, placed and fastened 
that all air will be driven out by the filling compound. Spacers 
of porcelain, or other suitable material may be found desirable 
for supporting and holding the conductors at a point between the 
mechanically formed insulation and the ends of the lead sheath. 

5. The filling compound should have the following qualities: 

a. Itshould have sufficient dielectric strength for the purpose, 
which strength should not be materially reduced at the maximum 
operating temperature of the cable. 

In general there 1$ no great difficulty in securing а compound 
having sufficient insulating strength at ordinary temperatures. 
Resinous compounds which decrease rapidly in dielectric strength 
with increase in temperature do not appear to be as satisfactory 
as those mineral compounds which have a lower temperature 
co-efficient. This is particularly important for the compound 
which is used for applying the wrappings of insulating tape 
around the conductors. 

b. Itshould be non-hygroscopic. 

Moisture is one of the greatest enemies of a good high tension 
joint and all possible precautions should be taken to exclude it 
from the compound, or any of the insulating material which 
enters the joint. 


c. It should not form cracks in cooling after the joint is 
poured, nor during cold weather. 


This result is best obtained with those compounds which 


1917] ROPER: HIGH-TENSION CABLE JOINTS 445 


remain somewhat plastic at the ordinary temperatures and do 
not become hard or brittle. | 

d. When heated to the proper temperature for pouring, it 
should be sufficiently fluid so that it will flow into all air spaces 
before becoming chilled. 

To insure that the filling compound 1$ at.a proper temperature 
for pouring, thermometers should be used, or some simple form 
of test should be devised which will indicate the proper tem- 
perature. 

e. Тһе compound at ordinary temperatures should be cap- 
able of being readily removed, when necessary, without injury 
to the original insulation around the conductors. 

This is frequently necessary when locating trouble or making 
alterations, and in such cases it should be possible to open the 
joint and make the necessary tests, and later re-make the joint 
without cutting off any of the conductors. 


f. It should not have an excessive coefficient of expansion. 


After the first filling, time must be allowed to permit the com- 
pound to cool before sealing. Ordinarily a small amount of 
additional compound must be added to fill the void left by the 
cooling of the compound. One such filling following the original 
filling should be sufficient. 

If the filling compound is liquid or soft at ordinary tempera- 
tures, it may be necessary to use a cast metal sleeve in place of 
the ordinary lead sleeve, or to wrap the insulation with some 
form of porous tape to act as a cushion between the insulation 
and the lead sleeve. 

6. The application of the insulation and the pouring of the 
compound should be done in such a manner that on completion 
the insulation will be solid; that 1$, without air pockets or voids. 

In applying wrappings of tape, the conductors, the splicing 
sleeve and the insulation around the conductors should first be 
given a generous coating of some thin insulating compound, 
applied, preferably, with a brush. The tape should have a lap of 
about one-half and the compound should be in sufficient quantity 
and of such consistency that when the wrappings of tape are 
tightly drawn, all air between the several layers of tape and 
between the tape and the conductors will be entirely excluded. 
Additional applications of the compound should be made before 
applying each layer of tape. Suitable gages should be furnished 
the splicer so that he can determine when the proper amount of 
tape has been applied. 
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If some formed or molded insulation is used it should be held 
in position temporarily by the form of the insulation, or by tying 
with string or tape. The solid insulation should be so made and 
held in position in the joint that when slightly tilted at the time 
of filling, all of the air within the enclosing sleeve will be driven 
out by the filling compound. 


7. Allmoisture should be carefully excluded from the joint. 


For the purpose of excluding moisture it may be necessary to 
install some temporary shelter so as to prevent drippings from 
the roof, or contact with the adjacent wall of the manhole. 
Moisture in the insulating tape should be driven out by dropping 
it in a vessel containing filling compound heated considerably 
above the boiling point of water. Rubber gloves should be worn 
by the Cable Splicer in warm weather, and at other times if the 
hands are naturally moist. Тһе splicer should also take suitable 
precautions to insure that no perspiration drops from the face 
into the joint. 

8. If filing compound with a low melting point is used, 
precautions should be taken to prevent the compound from 
running back into the cable at the maximum operating tempera- 
ture. 

If the impregnating compound in the cable does not entirely 
fill the interstices between the strands of the conductors, as well 
as the insulation, then the filling compound as 1% becomes fluid 
may run back into the cable. This would leave voids in the 
upper part of the cable sleeve and would give a distribution of 
dielectric stresses that would probably later cause trouble. If 
such compounds are used the soldering of the splicing sleeve 
should extend beyond the ends of the sleeve, and іп addition, 
several wrappings of impervious tape should be applied to the 
conductors where exposed between the splicing sleeve and the 
original insulation around the conductor. 

A thin filling compound may also flow back into the jute filling 
between conductors if it 15 not thoroughly impregnated. The use 
of a filling compound with a low melting point should, therefore, 
be avoided unless the insulation, the jute, and the conductor are 
all very thoroughly filled with the impregnating compound. 

9. The initials, or some other symbol, should be stamped on 
the joint to indicate the name of the splicer. 

This stamp can be made in the wipe without danger of damag- 
ing the joint. Good cable splicers, like other first class work- 
men, take considerable pride in their work, and it makes them 
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more careful if they know that in case of trouble the maker of 
the joint can be readily identified. 

10. Тһе joint should be so located, supported and protected 
in the manhole that it cannot be readily injured by men working 
in the manhole. 

For this purpose the cable should be supported at each 
end of the lead sleeve. If a rope and cement protective coating 
is applied to the cables in the manholes; the same coating should 
be extended over the joint. If this is done the joint cannot be 
injured by being accidentally struck with tools or ends of cable, 
or by workmen bruising cable with the ladder in entering or 
leaving the manhole. 
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THE INFLUENCE OF DIELECTRIC LOSSES ON THE 
RATING OF HIGH-TENSION UNDERGROUND 
CABLES 


BY A. F. BANG AND H. C. LOUIS 


ABSTRACT OF PAPER 


This paper describes a series of tests made to determine the 
dielectric losses in various kinds of 13,000-volt cable. These 
losses were found to increase greatly with the temperature and 
thus become an important factor in the rating of such cables. A 
method is developed whereby the influence of these losses on the 
rating can be approximately calculated for duct lines with 
uniformly loaded cables. | 


N THE early part of 1916 a series of tests on 13,200-volt cable 
under conditions closely approximating operating conditions 
was conducted in Baltimore, Md. Тһе object was to obtain 
information relative to the rating of cables at their highest safe 
capacity, and to analyze the various factors affecting this, such 
as the influence of dielectric losses. 
It was, therefore, attempted: 


1. То measure the dielectric losses of cables at different tem- 
peratures. 

2. To compare cables of various makes and from different 
manufacturers with each other in this respect, and if essential 
differences were found to investigate the possible causes of this 
such as, : | 

3. Different compounds used for impregnating the paper, 

4. Percentage of moisture in cable, 

5. Thickness of insulation, etc. 


Assembly. А nine-hole duct line was constructed in the base- 
ment of Sharp Street Station, Baltimore, where the temperature 
conditions are fairly constant. Тһе layout and dimensions of 
the duct system are shown in Fig. 1. It consisted of a nine-hole 
duct, seven ducts being occupied with cable. The duct was 48.5 
ft. (14.7 m.) long. The duct was surrounded on sides, top and 
bottom by sand, which was held in place by a wooden 
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ABSTRACT OF PAPER 


This paper describes a series of tests made to determine the 
dielectric losses in various kinds of 13,000-volt cable. These 
losses were found to increase greatly with the temperature and 
thus become an important factor in the rating of such cables. A 
method is developed whereby the influence of these losses on the 
rating can be approximately calculated for duct lines with 
uniformly loaded cables. 1 


N THE early part of 1916 a series of tests on 13,200-volt cable 
under conditions closely approximating operating conditions 
was conducted in Baltimore, Md. Тһе object was to obtain 
information relative to the rating of cables at their highest safe 
capacity, and to analyze the various factors affecting this, such 
as the influence of dielectric losses. 
It was, therefore, attempted: 


1. To measure the dielectric losses of cables at different tem- 
peratures. 

2. То compare cables of various makes and from different 
manufacturers with each other in this respect, and 1f essential 
differences were found to investigate the possible causes of this 
such as, 4 

3. Different compounds used for impregnating the paper, 

4. Percentage of moisture in cable, 

5. Thickness of insulation, etc. 


Assembly. А nine-hole duct line was constructed in the base- 
ment of Sharp Street Station, Baltimore, where the temperature 
conditions are fairly constant. Тһе layout and dimensions of 
the duct system are shown in Fig. 1. It consisted of a nine-hole 
duct, seven ducts being occupied with cable. The duct was 48.5 
ft. (14.7 m.) long. The duct was surrounded on sides, top and 
bottom by sand, which was held in place by a wooden 
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framework. Тһе ends of the cables outside of the ducts were 
made as short as possible, and were wrapped with sheet asbestos 
and covered with sand, in order to have these at approximately 
the same temperature as the part of the cables in the ducts. 
Temperature Measurements. Аз conditions made the use of 
mercury thermometers impractical in the ducts, we used a 
differential galvanometer-type thermometer with temperature 
coils, twenty-seven coils in all being used, each duct containing 
three coils. Аз it was important that these temperature coils 
touch neither the duct nor the cable, they were mounted in a 
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Fic. 1—ARRANGEMENT OF DUCTS AND CABLES IN TEST 


little wooden cradle. Temperatures of the copper conductors 
and lead sheath were determined by rise of resistance method. 

Cable Connections and Wiring. Cables in ducts numbered 
1, 2, 3, 4, 5 and 6 were all connected in series and carried current 
only. Cable in duct number 9 carried both current and poten- 
tial, this being the specimen cable; the different specimens were 
tried in this duct, the same cable, of course, being used in the 
other ducts through the test. 

Fig. 2 shows the wiring diagram. 

Application of Current and Potential. Three-phase current 
and voltage was applied to the specimen cable. Each phase 
was short-circuited on itself through current transformers run 
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inverted, and excited from the 5-ampere side; separate current 
transformers were used to measure the current. High voltage 
was obtained by using three potential transformers inverted, 
rated at 200 watts each, 13,200/110 volts; primary and secondary 
windings were both connected in star. Тһе neutral of the high 
tension was grounded and connected to the sheathing; conse- 
quently, the dielectric strains and losses corresponded with 
those which occur under practical operating conditions. Тһе 
dielectric losses were determined by measuring with an ordinary 
wattmeter the input into the potential transformers оп the low- 
voltage side, and subtracting from this the input with the high- 
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Fic. 2—WIRING DIAGRAM OF TEST 


tension cable disconnected, and also the copper losses in the 
potential transformers, which could be readily calculated. The 
heater cables carried current only. 

Potheads. Standard potheads were used on the cable. In 
order to correct for the dielectric losses occurring in these, a 
special test was conducted on a very short piece of cable with two 
potheads; this test proved these losses to be practically negligible, 
at least for temperatures not exceeding the actual pothead tem- 
peratures occurring during the main test. 

Procedure of Tests. Some runs were made with C?R losses 
present only, that is, with current only applied. 

Dielectric runs were made with current on all cables, and high- 
tension voltage applied to the specimen cable. Practical condi- 
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tions precluded the application of potential to the heater cables, 
but the lack of these dielectric losses was compensated for as 
follows: Starting with current in the heater cables of the same 
value as in the specimen, dielectric loss of specimen cable was 
measured when constant temperatures were reached. The cur- 
rent in the heater cables was then increased so that the increased 
C?R loss equalled the dielectric loss of the specimen cable. This 
process was repeated until stable conditions were obtained. On 
account of the lagging effect of the duct line it was often neces- 
sary to continue each test a number of days in order to reach 
constant conditions. 
RESULTS 


Specimen Cables. Tests were made in all, on four different 
specimens of cable from three different manufacturers; all of 
them were three-conductor, No. 4/0 paper-insulated copper 
cable; the insulation was distributed as follows: 

Specimen A—6/32 in. by 6/32 in. (4.7 mm. by 4.7 mm.) 
M B—8/32 in. by 2/32 in. (6.3 mm. by 1.5 mm.) 
x C—6/32 in. by 6/32 in. 
ш D—8/32 in. by 2/32 in. 

Dielectric Losses. The curves shown in Fig. 3 show the dielec- 
tric losses for these cables expressed in watts lost per foot of 
cable and plotted against the temperature of the copper con- 
ductors. These curves show the marked effect of temperature 
on the dielectric losses. At low temperatures corresponding to a 
cold condition of the cables, the losses are low, and about the 
same for all the specimens, while at higher temperatures the 
dielectric losses run up rapidly in all cables except specimen D. 

These curves show specimen D cable to be much superior in 
this respect to the others, the dielectric losses being very much 
lower at high temperatures than the others, and the rate of in- 
crease smaller. This rate of increase is important, as it effects 
the final temperatures, due to the cumulative effect as brought 
out later on. | 

Thickness of Insulation. Specimen B— 8/32 in. by 2/32 in., 
(6.3 mm. by 1.5 mm.) shows up better than specimen A. "This 
may be due to the greater thickness of insulation between con- 
ductors, since both samples are of the same make and otherwise 
supposed to be alike. However, it will be noticed that specimen 
C, which is 6/32 in. by 6/32 in. (4.7 mm. by 4.7 mm.), and of 
another make shows up slightly better than specimen B, 8/32 in. 
by 2/32 in. (6.3 mm. by 1.5 mm.). 
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Material of Cables. This markedly .superior performance of 
specimen D shows that there must be some radical differences in 
material. Samples about 10 in. (25.4 cm.) long were cut from 
the specimens and sent to a chemist for analysis. The analysis 
showed that in specimens A, B and C, a rosin oil base is used for 
impregnating the paper, whereas in specimen D, a mineral oil 
base is used. Puncture tests made by us on these oils showed 
but little difference in dielectric strength at high and low tem- 
peratures for the mineral oil, whereas in the case of rosin oils the 
strength decreased greatly with increased temperatures. 

The difference in impregna- 
ting compound we believe is, 
therefore, the greatest cause pro- 
ducing the marked difference in 
performance. 

Analysis for moisture was 


5 made also on 5 in. (12.7 cm.) 
е | pieces of the specimen cables. 
2 n pn АН Specimens A, B and C using 
222 || rosin oil compound showed 
EC NEC the same relative order of 

Л: L moisture as dielectric losses. 


Specimen D showed a high 
percentage of moisture, and 
yet has the lowest dielectric 
55 в losses; this fact can only be 

taken as a proof that the 

Fic. 3—DiELECTRIC LOSSES IN nature of the compound, 
‚ Watts Per Foot LENGTH OF CABLE which here is а mineral oil, has 

AS DEPENDING ON THE TEMPERATURE : : 
Барс Е a greater influence than the 
per cent moisture. 

Relative Temperatures. The test on the Sharp Street duct line 
shows comparatively small differences between copper, lead and 
duct temperatures, under constant conditions. In the run made 
on specimen D cable with 175 amperes on the heater and speci- 
men, and 13,200 volts on the specimen, the total watts lost per 
foot on the specimen was, for instance, 6.5 watts and the tem- 
perature as follows: 


80 120 160 200 
COPPER TEMPERATURE, DEG. CENT. 


Copper Temperature.......... 89 deg. cent. 
П EPE TEES ыг қақысы UEM 86 deg. cent. 
Бы ИРЕК eA КТЕ 82 дер. сепі. 


КООП ЕР ИБИ ete head be Seis 20 deg. cent. 
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The reason for the close proximity of these temperatures to 
each other in spite of the high rise above the room temperature 
is essentially the fact, that the main temperature rise in our case 


5 
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TEMPERATURE DEG. CENT. RISE OF AIR IN DUCT NO. 9. 


. Fic. 4—CuRVES SHOWING RELATION ОЕ C?R AND DIELECTRIC LOSSES 
IN SPECIMEN A IN SHARP STREET TEST - 


took place in the dry sand surrounding the duct line and that 
this rise was secured by moderate loads on the cables. This 
condition imitates very well actual duct conditions where ducts 
pass under streets through dry soil or ashes. 
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Fic. 5—CurRVES SHOWING RELATION ОЕ C?R AND DIELECTRIC LOSSES 
IN SPECIMEN D IN SHARP STREET TEST 


Relative Losses. A comparison of C?R and dielectric losses 
can only be made for specific cases, as the C?R losses depend 
mainly on current carried, and slightly on temperature, and the 
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dielectric losses for a given cable and voltage only on tempera- 
ture. Curves shown on Figs. 4 and 5 show this relation for 
specimens À and D, which constitute the two extreme cases of the 
test. The conditions were such that 100 amperes produced no 
excessive temperatures, so that all the specimens had a dielectric 
loss of less than 25 per cent of the C?R at 100 amperes. It will be 
noticed that for specimen A (See Fig. 4) the dielectric loss runs 
up very rapidly at currents above 100 amperes, a condition which 
would be far more aggravated if the initial room temperature 
were higher than the one at which the test was made (18 deg. 
cent.) With higher currents the ratio of dielectric to C?R loss 
increases rapidly and approaches 100 per cent. Only specimen D 
(Fig. 5) shows no great increase of dielectric loss as the load and 


TEMPERATURE RISE OF AIR IN DUCTS - DEG. CENT. 


20 30 40 50 
WATTS PER FOOT OF DUCT LINE 


Fic. 6—DissiPATING CURVE OF SHARP STREET EXPERIMENTAL Duct LINE 


temperature go up, and the ratio of dielectric to C?R even 
decreases with increased current and temperature, this holding 
good for a range of current well within practical working limits; 
even an increased room (or soil) temperature would not affect 
this to any great extent. 

Heat Dissipating Curve. From the amperes per phase, the 
resistance, and the dielectric loss measured we can calculate the 
total energy lost in the duct line and from this plot a curve be- 
tween watts lost per foot of the duct and the temperature. This 
is done in Fig. 6. Since this curve represents constant conditions, 
the watts loss are a measure of the heat dissipated by the duct 
system at various temperatures. The curve shows that this 
relation is practically a straight line. In Fig. 6, this tempera- 
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ture plotted refers to the air in the duct. Other experiments 
made by the writers proved, that also when we plotted the 
temperature rise of the copper conductor above soil or any one 
of the cables against the watts lost per cable, per foot, the result 
would be a curve very close to a straight line. In the following 
calculations this relation is therefore always taken to be a 
straight line. It is also assumed that the relation is independent 
of whether the heat dissipated is generated in the copper by the 
current or in the insulation by the voltage. 

Any duct line will of course have its own particular dissipating 
curve. 

Critical Point (Temperature and Current). Тһе effect of dielec- 
tric losses on the heating of cables is cumulative, t.e., when а 
cable has reached constant conditions with low-tension currents 
only applied and high voltage is then added, certain definite 
dielectric losses will occur and produce a temperature increase; 
but, on account of the higher temperature thus reached an 
increase of the original dielectric losses will take place, which 
fact again increases the temperature and so on indefinitely; 
there is, therefore, always a possibility that a critical point may 
be reached where the heat generated in this way is larger than 
the heat that сап be carried away; if this point has been reached 
and passed the temperature of the cable will evidently rise in- 
definitely until break down occurs and will do so even for a 
constant current load. That such a critical point exists for апу 
high-tension cable surrounded by a poor heat conductor has been 
repeatedly pointed out. (See especially the N. E. L. A. Cable 
Report—1913). In our tests we were able to produce this condi- 
tion on specimen cables A, B and C, by means of the ''com- 
pensated'" runs mentioned above. In these runs it was found 
that a point was reached in the loading where it was not any 
longer possible to compensate, as the dielectric losses ran up 
faster than the heat dissipating power of the duct line. In the 
dielectric curves, Fig. 3, the lower points are plotted from values 
measured in the compensated runs; when compensation was no 
longer possible a constant current was maintained on the heater 
cable and the dielectric losses on the specimen cable would then 
gradually raise the temperature of this cable until destruction. The 
higher points in Fig. 3 are plotted from this last part of each 
test. Only on specimen D did we not determine the critical 
point. While it doubtless exists, it would evidently in this case 
be found at a higher temperature than reached in our test. (190 
deg. cent.) 


1917] DIELECTRIC LOSSES 457 


As it is evident that very unstable and dangerous conditions 
exist in a high-tension duct line, where this critical point has 
been reached and as it will be found in many practical cases, 
that this point, therefore, rather than any special high tempera- 
ture, constitutes the danger line for the rating of high-tension 
cables, we have, in the following, developed a method for the 
determination of this critical point for any duct line, with uni- 
formly loaded cables, and on the whole calculate the tempera- 
tures that will be reached for given loads under due regard to 
the dielectric losses. To do this it 1s necessary to know only 
the following few data, which can be found experimentally. 
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Fic. 7--ОСВАРНС DETERMINATION OF THE PERMISSIBLE CURRENT 
AND THE CRiTICAL TEMPERATURE FOR А Осст LiNE, WHEN Irs Dissi- 
PATING CURVE В, Irs DiELECTRIC CURVE А, AND THE SOIL TEMPERATURE 
S ARE KNOWN 


Calculation of the Influence of Dielectric Losses. 1. The 
dielectric characteristics of the cable, expressed in a dielectric 
curve as for instance those shown on Fig. 3. 

2. The heat characteristics of the duct line and the cable 
expressed by the heat dissipating curve for same. 

3. The soil temperature at а distance sufficiently far away 
from the duct line to be unaffected by the heat produced in the 
duct. 

Let curve A in Fig. 7 represent the dielectric loss curve for the 
cable installed. 

Let curve B represent the dissipating curve for the duct line 
at a given soil temperature 5, 


Ф 
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If we now assume that we have reached constant conditions 
where no heat is used for increasing the temperature of cable and 
duct, the watts dissipated as indicated by curve В are equal to 
the total losses generated which consist of dielectric and C?R 
losses. 

If we therefore deduct the dielectric losses (as shown in curve 
A) from the total losses (curve B ) we get the C?R loss. This 
subtraction is done graphically in Fig. 7. The result is curve C 
which represents the copper losses. From this curve we can 
calculate the corresponding current for any number of points 


from the formula 
a 
С = м an 


Watts taken from curve C. 
the resistance of one conductor (at a temperature 
taken from the corresponding point of curve B). 
In Fig. 7 it is assumed that the soil temperature is a constant 
S. A change in soil temperature which is the base for the duct 
and cable temperatures means a parallel shifting of the dissi 
' pating curve and therefore produces an entirely new copper loss 
curve C. | 
Determination of the Critical Temperature by Tangent Method. 
It will be seen from Fig. 7 that curve C, which represents the 
copper losses, has a maximum point. This means that for 
temperatures beyond this point, less current can be carried than 
at lower temperatures and if the current is not reduced the 
temperatures will evidently continue to rise indefinitely. This 
point corresponds therefore to the critical point as defined above. 
A glance on the same drawing, Fig. 7, will also show geome- 
trically that this maximum ordinate in curve C (copper loss 
curve) is determined by drawing a tangent to the dielectric curve 
parallel with the dissipating curve. In other words if we only 
know these two curves for a given duct line, we can determine 
the critical point by drawing such a tangent; the abscissa to the 
point of tangency will then indicate the critical temperature for 
this particular case. Physically one can express the same fact 
by saying that at this point the rate of increase in the dissipating 
power of the duct line equals the corresponding rate of increase 
in the dielectric losses generated (curve А), while beyond this 
point the latter rate will be the larger; hence the unstable condi- 
tion. 


Where W 
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The fact that we can determine the critical point in this way 
is important since it allows us to grasp, at a glance, the essential 
facts about the critical temperature for a given case. 

Conditions Which Influence the Critical Temperature. It shows 
for instance—1. That for a given duct line with a definite num- 
ber and make of cables, the critical point will always be reached 
at the same actual temperature (critical temperature) independ- 
ent of the original soil temperature. 

2. That this critical temperature will be the lower, the steeper 
the dielectric curve is, and the greater the angle $ of the dissi- 
pating curve; cables with a low and flat dielectric curve are, 
therefore, greatly preferable. 

3. The angle ф of the dissipating curve дерей оп Ше 
character of the soil surrounding the duct line. If the surround- 
ings consist of poor heat conductors, like dry sand or ashes, it 
will result in a greater temperature rise for the same watts lost ; 
this means a greater angle $ of the dissipating curve and there- 
fore a lower critical temperature. 

4. Inasimilar way will the critical temperature be influenced 
by the number of cables installed in a duct line. With the same 
energy lost per cable we get a total loss in a duct line directly 
proportional with the number of cables installed and since the 
heat dissipating surface of the duct line only increases at a slower 
rate, the result is a higher temperature rise of the duct for the 
line with the many cables. Hence the greater angle ф of the 
dissipating curve and the lower critical temperature. 

These facts are important since they show that dry soil 
surrounding a duct line and the installation of too many cables in 
one line should be avoided, as far as possible. Not only do both 
conditions tend to produce much higher temperatures for the. 
same energy lost, but since the critical temperature is lower, it . 
means also that cables in such a line can only stand a lower 
temperature. 

Example of Application. In the theory developed above, it 1s 
clearly pointed out, that each duct line represents its own 
individual problem in rating. Тһе examples given below are 
therefore to be taken only as illustrations of the application of 
the principles involved and not as giving definite ratings—always 
applicable. 

Fig. 8 shows a section of a duct line in Baltimore, Md. It 
consists, as shown, of twenty ducts of vitrified clay, arranged 
in two sections. It contains at present fourteen current carrying 
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cables of which thirteen are operated at 13,000 volts and one at 
4000 volts. АП of them are number 0000 copper cable, three- 
phase, lead-covered, and with an insulation 6/32 in. by 6/32 in. 
(4.7 mm. by 4.7 mm.). 

For this duct line the dissipating curve was calculated from 
the known load, the dielectric characteristics of the cable and a 
large amount of measurements of the copper, duct and soil 
temperature at the very hottest sections of the line. 

In Fig. 9 this dissipating curve is shown as Вз. It should be 
understood that in this case it is calculated so as to represent 
temperature rise of the copper of the hottest cable above the 
soil surrounding the duct line. 
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Fic. 8—SECTION THROUGH Fic. 9—DissiPATING CURVES FOR 
FAYETTE STREET Duct LINE VARIOUS Duct LINES 


By means of this dissipating curve and the dielectric curve 
we can now calculate the final copper temperatures for various 
loads and soil temperatures by means of the procedure described 
above. 

A number of such calculations has been made and the results 
shown in Fig. 10 for initial soil temperatures of 0, 10, 20, 30 and 
40 deg. cent. 

It will be seen that at about 65 deg. cent. the curve starts 
bending backwards; this is therefore the critical point for this 
particular duct line. 

In order to play safe it is evident that the average temperature 
on a steady load run should never be allowed to reach this critical 
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point. Let us assume that 10 deg. cent. below this point, 7. e., 
a final copper temperature of 55 deg. cent., 15 the highest tem- 
perature we will permit. It is then evident that the curves п 
Fig. 10 give us a cable rating as depending on the soil tempera- 
ture. This rating is shown in Fig. 11 (curve marked specimen 
C). As abscissas are used the initial soil temperatures in 0 deg. 
cent., while as ordinates are used both amperes, $. e., continuous 
carrying capacity and also the kw-hr. output per day, corres- 
ponding to such a continuous load at power factor of 1. From 
this curve it may be noted, for instance, that at freezing tempera- 
ture of the soil, the cables can carry safely 106 amperes con- 
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tinuously, or 58,500 kw-hr. per day, while at a soil temperature 
of 40 deg. cent. or above, no load whatever can be carried. 

Cable Rating with Cables of Different Make. The cable rating 
thus determined for the above described duct refers to cables of 
dielectric characteristics as specimen C in Fig. 3. The rating 
of the same duct line with cables of dielectric characteristics as 
specimens А, В and D has also Been figured out and is shown in 
Fig. 11. For the specimens A and B the safe copper temperature 
has been assumed to be 10 deg. below the critical temperatures 
(60 deg. and 50 deg. respectively) in the same way as was done 
for specimen C above. For specimen D where the dielectric 
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losses increase so very much slower with increasing temperature 
than they do on the other specimens, it was found, however, 
that the critical point would not be reached before the copper 
temperature was 160 deg. cent. Hence the rating of this cable 
would not be limited at all by the critical temperature of the 
duct line, but would rather depend on whatever temperature 
could be considered safe for the insulation itself. If we follow 
the A. I. E. E. Rules laid down in section 677 and adopt 72 deg. 
cent. as a safe temperature for this cable, we get the rating shown 
by curve A, Fig. 11. As it is probable that the temperature 
limits set by the Institute Rules in its section 677, are made so 


80000 ао E | 
70,000- | М | 
120 ын | 
3 | 
60000-09 | | = 
о 100T ‘ Ф 
es 
500003. | ; 
о 
2 80 
2 
“2 


KW.HR. DAY 


з 5 
5 8 
ERES (CONTI 


p 7 
ИИД 


у У 


20,000-2: 20 жи i SUAE UN 
| < +- КИЕ АЕ ы 
20 N N | КР rs “зіп. by гіп, 
О uL IQ 
ү USERNEESAXUSSUNANAEASSHEN 
0 10 3 40 50 


SOIL TEMPERATURES, DEGREES CENT 
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low on account of a vague fear of reaching a critical temperature 
for the cables and as it has been shown that for specimen D 
cable, no such fear need be entertained, it would, perhaps, seem 
more reasonable to use as a permissible temperature for this 
cable the figure (105 deg. cent.) given in the A. I. E. E. Rules, 
section 377 for Class A insulation. Corresponding to this we 
get curve B, Fig. 11. 5 

А comparison of all these curves shown on Fig. 11 gives a very 
clear impression of the extreme limitation the dielectric losses 
may put on cable ratings, especially 1n hot summer weather. 
As an illustration let us consider a summer condition with a soil 
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temperature of 21 deg. cent. (At the average depth of the duct 
line.) 

To this corresponds the following ratings: 

Specimen А 38 amperes 21,000 kw-hr. per day 
M B 605 E 36,000 “ “4% “ 
x C 72 в 40,000 “ & <“ 9 
ч D 127 б 71,0004 4% * 

Or а rating more than three times greater for specimen D than 
for А. 

In winter time, of course, more load can be carried on all 
types of cables, but the difference in rating is less striking. 

А number of other practical cases with the number of cables 
in a duct line varying from 2 to 12 were also calculated. With 
dielectric curves of the characteristics found for specimens A, B 
and C the critical temperature varied from 50 deg. to 90 deg. 

In view of these facts it seems reasonable to propose, 

1. That high-tension cables always should be purchased 
under certain guarantees as to dielectric losses at various tem- 
peratures. 

2. "That for determining the load carrying capacity of a given 
high-tension duct line the critical temperature should be inves- 
tigated and the rating made so that the highest copper tempera- 
ture (under steady load conditions) always would remain a 
definite number of degrees centigrade (say 10 deg. cent.) below 
this point. If the critical temperature on the other hand is 
found to lie so high that temperatures lower than this may be 
destructive to the installation these naturally would govern; 
but in such a case the same temperature should be considered 
permissible for high-tension cable as for a low-tension cable. 

In this paper only constant load conditions have been consid- 
ered. 

The above investigation has been conducted under the auspices 
of the Consolidated Gas, Electric Light and Power Co., of Balti- 
more and the Pennsylvania Water and Power Co. 
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INSULATION CHARACTERISTICS OF HIGH-VOLTAGE 
CABLES 


BY W. S. CLARK AND G. B. SHANKLIN 


ABSTRACT OF PAPER 


The insulation characteristics of different types of single- and 
threc-conductor cable, determined largely by dielectric energy 
loss measurements, are discussed in detail. Particular attention 
is given to paper insulated cable, both new cable and cable that 
has been in service being considered. Varnished cambric and 
different grades of rubber insulation, as well as cable compounds 
are also dealt with briefly. 


T- experience of operating companies here in America over 

a period of years shows that practically all failures on 
high-voltage underground cable systems can be attributed to 
heating. The cable line on which failure occurs is usually not 
heated over its whole length to a dangerous temperature, but 
only at certain points, generally known as “hot spots.” 

The “hot spot” temperature plays an important part in all 
sections of an electrical system, but in no part of a system is it 
so much the limiting feature as in the underground cables, and 
in consequence, in no other part of the system does dielectric 
energy loss at normal frequency and voltage play such a pre- 
dominating part. This is so because of the rapid rise of dielec- 
tric loss with temperature and its cumulative tendency at high 
temperature. 


DiscussioN or DIELECTRIC ENERGY Loss MEASUREMENTS 


The purpose of this paper is to show the value of dielectric 
energy loss measurements in studying cable designs and as an 
assistance to the manufacturers and users of cable. To obtain 
the greatest usefulness, the study of energy loss should, of 
course, be paralleled with other tests and observations, and this 
we have attempted to do. | 

These data were taken with the object of representing opera- 
ting conditions as closely as possible. А constant frequency of 
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60 cycles was used throughout. There are so many variables to 
be considered that it requires numerous data to include them all, 
and this complicates things quite enough without bringing in 
frequency variations. In every case the voltage range used 
gives readings well above and below the operating voltage of 
the sample. 

In duct operation, the copper temperature is only a few de- 
grees higher than that of the lead sheath and the temperature is 
graded through the thickness of insulation. It is not desirable 
to represent this condition in the laboratory, even if it were pos- 
sible to do so with any degree of accuracy. The temperature 
gradient would not be the same in samples of different cross sec- 
tions and the measurements on these would not be comparable. 
A very complicated variable is eliminated by heating the cross 
section to a uniform temperature. This represents conduit con- 
ditions fairly closely. Тһе greatest loss per cm? occurs in the 
insulation next to the conductor, where the stress is greatest, 
and the increase brought in by having the outer wrappings at 
a slightly higher temperature than they would be in the ducts, 
is not important. At any rate the losses measured are on the 
safe side, that 1s, higher than would occur in operation. 


METHOD ОЕ TEST 


The readings were taken by the "compensated dynamometer 
wattmeter method," fully described in an article published last 


year. * Тһе principle of this method 1$ simply a correction of 
al phase angle errors by reference to a standard high voltage 


variable air condenser having a negligible phase difference from 
90 deg. Тһе possible errors that can be introduced and checks 
upon the accuracy of the method are discussed in detail in the 
article. | 

А smooth-core generator and special testing transformer were 
used and gave a sine wave under all conditions of test as shown by 
oscillographic records. This is not of great importance, however, 
as distortion of wave shape within reasonable limits does not 
affect energy loss measurements. Monasch t brought this out 
in an interesting way. 


* “Compensated Dynamometer Wattmeter Method of Measuring 
Dielectric Energy Loss," by С. B. Shanklin, General Electric Review, 
Oct. 1916. 

t See “Тһе Loss of Energy in the Dielectric of Condensers and Cables" 
by Dr. Bruno Monasch. London Electrician, Vol. 59, p. 416. 
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: PAPER-INSULATED CABLE 


It is an interesting fact that paper-insulated cable, the most 
generally used of all types of cable, is susceptible to the widest 
variation in its insulation characteristics. Тһе reason is not 
hard to find but it is hard to put on paper in condensed form. 

In practically all of the standard types of impregnated or 
treated fibrous insulations, with the exception of paper cable 
insulation, treatment is given after it is thoroughly filled to 
render the filler solid and firmly "set." This is called "curing" 
and it is well known that a cured insulation is more stable and 
uniform than ап ''uncured"' one, although it does not necessarily 
have inherently better electrical characteristics. Now, in paper 
insulated cable the filler remains in a semi-liquid or viscous form 
and the material operates throughout its life in an “uncured” or 
"green" condition. It is not an inert mass but is chemically, 
electrically and physically “alive.” It will not be active in any 
of the above senses if the ingredients and processes are properly 
chosen, still it is "alive" and every detail of its manufacture 
must be carefully watched. 

The paper and jute serve as mechanical spacers and the 
characteristics of the insulation as a whole are determined to a 
great extent by the quality of the filling compound. In making 
this statement it 15 assumed that the paper, jute and compound 
are initially free of moisture and other conducting impurities. 
In choosing the compound we must not only be sure of its having ` 
the best insulating properties when first put in the cable but-we 
must also be sure that it is chemically stable and that it will not 
react chemically with either the paper, jute or copper under the 
temperature and voltage stress met with during its years of 
operation. | 

| TESTS ON COMPOUND 
"The 60-cycle dielectric energy loss data оп a standard type of 
mineral hydro-carbon base cable compound are given in Table I. 

Space will not allow the presentation of curves showing all the 
different characteristics. They are all interesting and well 
worth studying from the table but only those curves will be 
given that bring out particular points of interest. This plan 
will have to be followed throughout the paper. The tables are 
submitted with the readings arranged consecutively in the same 
order in which they were taken. 

Fig. 1 shows the variation of power factor and permittivity 
with temperature. The relative permittivity decreases with 
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temperature and there is а very decided hump in the curve 
between 50 and 75 deg. cent. It is over this range that the com- 
pound is gradually changing from a solid to a semi-liquid state, 
with a corresponding expansion of volume and decrease in specific 
gravity. 

The permittivity curve 15 replotted in Fig. 2 for comparison 
with a corresponding curve of a typical heavy, mineral insulating 


TABLE I. 
MINERAL HYDROCARBON BASE CABLE COMPOUND NO. 1 
Frequency 60 cycles 


Temp. W/cm? 1 /ст.? Р.Е. р 
deg. cent. | kv./cm. 10-3 10-4 per cent. К, 1010 
105 6.06 0.776 0.486 26.3 2.322 4.71 
8.05 1.410 0.641 27.3 2.295 4.58 
10.08 2.260 0.800 28.0 2:283 4.52 
12.08 3.280 0.960 28.2 2.280 4.44 
14.94 5.040. 1.182 28.3 2.284 4.44 
18.10 7.520 1.442 28.6 2.292 4.40 
75 6.06 0.202 0.492 6.75 2.421 18.10 
8.05 0.356 0.651 6.74 2.415 18.20 
10.08 0.557 0.812 6.86 2.412 18.30 
12.08 0.817 0.972 6.95 2.406 17.80 
14.94 1.282 1.194 7.08 2.400 17.40 
18.10 1.910 1.445 7.27 2.394 17.60 
48 6.06 0.0410 0.493 1.44 2.436 90.3 
8.05 0.0702 0.652 1.34 2.427 92.4 
10.08 0.1045 0.815 1.27 2.421 97.6 
12.08 0.1532 0.982 1.30 2.412 94.8 
14.94 0.2370 1.195 1.32 2.406 94.2 
18.10 0.3570 1.450 1.35 2.406 94.2 
32 6.06 0.01260 0.494 0.422 2.442 295 
8.05 0.01982 0.653 0.377 2.433 320 
10.08 0.02916 0.814 0.351 2.430 335 
12.08 0.04260 0.979 0.359 2.433 341 
14.94 0.06490 1.212 0.424 2.436 344 
18.10 0.9460 1.472 0.362 2.439 355 


oil. The permittivity values of the oil were measured at low 
voltage, 750 cycles, by the Anderson bridge method. Fig. 2 
also shows the variation of the specific gravities * of these two 
materials with temperature. It is interesting to note that the 
corresponding values of permittivity and specific gravity vary 


* Thanks are due Mr. J. Dantsizen who made the specific gravity 
measurements оп the compound. 


1917] INSULATION CHARACTERISTICS 469 


in exactly the same way. The gravity curves show that the total 
expansion of the solidifying cable compound is no greater than 
that of an oil which remains liquid over the given range of tem- 
perature. 

The effective a-c. resistivity vs. temperature is shown in Fig. 3, 
which also shows the d-c. resistivity measured at low voltage 
under entirely different conditions and several weeks later. 
The corresponding curves for a special grade compound of the 
same type, not included іп the tables, are also given in Fig. 3. 
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HYDROCARBON BASE CABLE COMPOUND АТ 16 Kv. PER См. 


The relative difference between the two compounds is approxi- 
mately the same under the two methods of test, one carefully 
made with elaborate apparatus, and the other, under entirely 
different conditions with comparatively simple apparatus. This 
is important for it supplies an easy way of determining the value 
of a compound. То appreciate this fully an outline of the two 
tests is given below. 

The a-c. measurements were taken between plane discs spaced 
one cm. apart with the edge of the grounded plate protected by a 
guard ring, 1/32 in. (0.794 mm.) spacing between guard ring and 
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plate. The active area was 40 cm. in diameter. Every care was 
taken to obtain a uniform temperature and shield from all 
sources of exterior loss. 

The d-c. measurements were taken at 500 volts between disks 
5 cm. in diameter and spaced 0.33 cm. apart. Мо guard rings 
were used and no special precautions were taken to eliminate 
surface leakage. Тһе spacing was accomplished by placing a 
small glass rod 0.33 em. diameter between the disks. 
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MINERAL INSULATING COIL AND MINERAL HYDROCARBON BASE 
CABLE COMPOUND 


Considering the difference in the methods, the a-c. and d-c. 
readings check quite closely. Theoretically the d-c. resistance 
should be slightly the highest. The tests on compound are 
always started at high temperature so that any moisture that 
may have been absorbed during exposure to air will be expelled. 


SINGLE-CONDUCTOR CABLE 
The data given in this paper have become generally known as 
dielectric energy loss measurements. This is only part of the 
truth, since all of the electrical constants and characteristics 
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can be calculated for the particular conditions of temperature, 
frequency, etc., under which they are taken. 

The nomenclature and formulas for single-conductor cable as 
used throughout are given in Appendix A. 


Data on Single-Conductor Paper Cable 


Cable No. 1. The data in Table II were taken on a six-ft. 
(1.83-m.) length of single-conductor paper-insulated cable, 
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made up special for test and tested a few weeks after being made. 
Тһе data on only one 6-ft. sample 1$ given but three, cut from 
the same length of cable, were tested and checked almost exactly. 
Тһе specifications were: 


2/0 stranded conductor, 0.412 in. (10.45 mm.) max. diameter. 

9/32-in. (7.144 mm.) paper, vacuum treated and filled with a 
mineral hydrocarbon base cable compound. 

3/32-in. (2.38-mm.) lead sheath. 
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TABLE II. (CABLE NO. 1) 


3/0 single conductor, maximum diameter 0.412 in. 

2/32 in. paper filled with mineral hydrocarbon base compound. 
9/32 in. lead sheath. 

Frequency 60 cycles. 


T E I /ft. P.F. C /ft. Pav 
deg. cent| 10° W /ft. 103 per cent. 10-? _ Ка 10% 
25 6 0.00882 0.1455 1.01 0.0645 3.257 91.0 
10 0.0250 0.244 1.024 0.0648 3.280 89.40 
14 0.550 0.344 1.142 0.653 3.300 79.50 
18 0.140 0.445 1.742 0.0651 3.320 51.60 
22 0.308 0.548 2.552 0.0661 3.347 35.00 
26 0.542 0.654 3.19 0.0667 3.377 28.15 
30 0.8125 0.760 3.563 0.0672 3.402 24.50 
50 6 0.0450 0.147 5.10 0.0650 3.286 17.82 
10 0.1360 0.246 5.53 0.0651 3.300 16.40 
14 0.280 0.3455 5.79 0.0655 3.312 15.60 
18 0.505 0.448 6.26 0.0660 3.340 14.30 
22 0.837 0.557 6.905 0.0671 3.398 12.89 
26 1.268 0.676 7.22 0.0692 3.485 11.90 
75 6 0.214 0.155 23.13 0.0667 3.380 3.76 
8 0.382 0.207 23.30 0.0668 3.382 3.74 
10 0.600 0.259 23.50 0.0669 3.386 3.72 
12 0.883 0.312 23.76 0.671 3.396 3. 64 
14 1.218 0.367 24.09 0.675 3.418 3.58 
16 1.646 0.426 24.49 0.0686 3.472 3.48 
18 2.130 0.486 25.05 0.0694 3.515 3.39 
100 5 0.292 0.150 39.05 0.0735 3.713 1.982 
7 0.587 0.211 39.78 0.0736 3.720 1.860 
10 1.224 0.304 41.10 0.0738 3.722 1.820 
13 2.127 0.398 41.10 0.0740 3.750 1.775 
14 2.483 0.432 41.10 0.0748 3.790 1.764 
15 2.850 0.468 41.10 0.0752 3.850 1.760 
75 6 0.239 0.1585 25.07 0.0682 3.44 3.30 
8 0.432 0.211 25.60 0.0677 3.43 3.33 
10 0.688 0.264 26.07 0.0677 3.43 3.24 
12 1.000 0.318 26.22 0.0680 3.436 3.215 
14 1.378 0.374 26.32 0.0685 3.467 3.18 
16 1.852 0.4333 26.72 0.0694 3.507 3.06 
18 2.412 0.496 27.02 0.0705 3.567 3.00 
50 6 0.059 0.147 7.83 0.0650 3.286 11.40 
10 0.211 0.246 8.58 0.0651 3.300 10.58 
14 0.442 0.3455 9.13 0.0655 3.312 9.87 
18 0.805 0.448 9.985 0.0660 3.340 8.96 
22 1.321 0.557 10.27 0.0671 3.398 8.15 
25 1.860 0.646 11.51 0.0692 3.485 7.49 
25 6 0.0105 0.1455 1.202 0.0645 3.257 76.40 
10 0.0305 0.244 1.250 0.0648 3.280 73.00 
14 0.0762 0.344 1.582 0.0653 3.300 57.30 
18 0.1935 0.445 2.418 0.0651 3.320 37.40 
22 0.383 0.548 3.175 0.0661 3.347 28.20 
26 0.627 0.654 3.692 0.0667 3.377 24.05 
30 0.934 0.760 4.100 0.0672 3.402 21.50 
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TABLE II. (CABLE МО. 1)— (Continued) 


2/0 single conductor, maximum diameter 0.412 in. 

9/32 in. paper filled with mineral hydrocarbon base compound. 
3/32 in. lead sheath. 

Frequency 60 cycles. 


T Е I /ft. P.F. C /ft. Pay 


deg. cent; 10° W /ft. 10-8 per cent. 10-9 Kay 1019 
50 6 0.056 0.147 6.35 0.0650 3.286 14.32 
10 0.158 0.246 6.425 0.0651 3.300 14.10 
14 0.331 0.3455 6.84 0.0655 3.312 13.20 
18 0.592 0.448 7.345 0.0660 3.340 12.20 
22 0.960 0.557 7.83 0.0671 3.398 11.24 
26 1.508 0.676 8.59 0.0692 3.485 10.03 
75 6 0.238 0.157 25.28 0.0670 3.40 3.38 
8 0.433 0.209 25.90 0.0670 3.40 3.32 
10 0.678 0.2615 25.90 0.0671 3.404 3.28 
12 0.990 0.3155 26.12 0. 0673 3.417 3.24 
14 1.367 0.3715 26.28 0.0679 3.447 3.20 
16 1.837 0.4305 26.68 0.687 3.493 3.12 
18 2.410 0.492 27.22 0.0696 3.540 3.00 
100 5 0. 363 0. 164 45.76 0.773 3.920 1.535 
7 0.723 0.230 45.00 0.0778 3.943 1.512 
10 | 1.484 0.330 44.85 0.0783 3.969 1.500 
13 2.510 0.4323 44.50 0.0784 4.005 1.500 
14 ` 2.910 0.468 44.30 0.0791 4.036 1.500 
15 3.340 0.5055 44.00 0.0804 4.07 1.500 
75 6 0.238 0.1605 24.72 0.0688 3.486 3.38 
8 0.428 0.214 25.00 0.0687 3.485 3.33 
10 0.675 0.2673 25.25 0.0686 3.482 3.30 
12 0.980 0.3215 25.41 0.0688 3.486 3.27 
14 1.354 0.378 25.60 0.0692 3.508 3.24 
16 1.820 0.4375 26.00 0.0702 3.553 3.14 
18 2.360 0. 500 26.22 0.0712 3.606 3.06 
50 6 0.063 0.147 7.15 0.0650 3.286 12.75 
> 10 0.185 0.246 7.525 0.0651 3.300 12.08 
14 0.371 0.3455 7.672 0.0655 3.312 11.79 
18 0.676 0.448 8.39 0.0660 3.340 10.70 
22 1.144 0.557 9.34 0.0671 3.398 9.44 
26 1.770 0.676 10.06 0.0692 3.485 8.55 
25 6 0.0105 0.1455 1.203 0.0645 3.257 76.40 
10 0.0305 0.244 1.250 0.0648 3.280 73.00 
14 0.0725 0.344 1.504 0.0653 3.300 60.40 
18 0.1805 0.445 2.255 0.0651 3.320 40.10 
22 0.3525 0.548 2.923 0.0661 3.347 30.60 
26 0.5825 0.654 3.430 0.0667 3.377 25.90 
30 0.8830 0.760 3.877 0.0672 3.402 22.70 
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The length was immersed in an oil bath. In this way the 
temperature could be carefully controlled and leakage losses 
eliminated. 

Starting at 25 deg. cent., readings were taken through two 
complete heat cycles as shown in Table II. Тһе temperature 
at each step was held constant and watt readings taken every 
five minutes until constant, (these readings are not giyen in the 
table). In this way we were assured of an even temperature 
through the cross section. 

The heat cycle curves in Figs. 4, 5 and 6 show the variation of 
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Fic. 4—WatTTs PER Foot CABLE 1 (PAPER) АТ 10 Kv. 


watts, power factor and permittivity with temperature at 10 kv. 
The loss and permittivity are both higher in the second heat 
cycle than in the first at temperatures above 70 deg. cent. We 
can give no clear explanation of this. It is probably due to a 
combination of things such as, a slight temperature lag, physical 
and chemical changes and consequent change in the inherent 
conductivity of the material from the high temperature and 
voltage stress. (Тһе over-voltage was only left оп a few seconds, 
while the highest points on the curves were being taken and 
could not have caused an appreciable rise in temperature.) АЛ 
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cable engineers have noted this same characteristic "fatigue" 


effect in another form when applying a high-potential test to 
lengths of cable. The d-c. resistivity is much lower just after the 
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high potential test, and when this is severe it never regains its 
former value. Middleton and Dawes * gave data on this in a 
paper read before the Institute in 1914. 

9. Evershed * formulated a very interesting theory of moisture 
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conduction in capillary passages which could account for the 
“heat cycles" and also the increase of the second cycle at higher 


* Voltage Testing of Cables, by W. I. Middleton and C. L. Dawes, 
Trans. А. I. E. E., Vol. 33, p. 1185. 

5 “The Characteristics of Insulation Resistance" by S. Evershed, 
Journal I. E. E., Vol. 52, 1914, p. 51. 
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temperatures (both effects must be, in truth, caused by the same 
phenomena). After a careful study of this and many other 
characteristics of insulating materials we are convinced that 
Evershed's theory does not entirely account for or fit in with the 
things noted and which will be given in this paper. 

Cable manufacturers have paid a great deal of attention to 
moisture and developed very effective ways of eliminating it 
and it does not seem possible that moisture could play an im- 
portant part in present day cable insulation as long as the lead 
sheathing remains intact. We have never yet found a case where 
trouble experienced in operation could be attributed to initial 
moisture under the above condition. Moisture is sometimes 
entrapped in cable joints but it does not, as will be shown later, 
(tests on Cable No. 4), travel along the length of cable to a great 
extent. | 

The same characteristic "heat cycles" were experienced with 
rubber insulated cable sealed in lead sheathing. There was по 
moisture in this rubber but there was a chemical change due to 
heating during test. It is chemical instability under temperature 
and voltage stress that is the predominating question in present 
day cable insulation problems and not moisture. What is needed 
is working theory of chemical changes and intermolecular phe- 
nomena under high temperature and voltage stress. 

The similarity between the watts and permittivity cycles 
(Figs. 4 and 6) is also worthy of note. This same similarity has 
been experienced with rubber, varnished cambric and other 
types of insulation. 

For a long time we were puzzled by the erratic behavior of the 
resistivity vs. voltage curves on paper cable insulation at low 
temperatures. Тһе 25 deg. cent. curves in Fig. 7 illustrate this 

peculiar characteristic. At higher temperatures the curves are 
stable but invariably the room temperature curves behave as 
shown. 

The conclusion was finally reached that this was due to the 
number of times the samples were bent while cold in preparing 
them for test. This bending would tend to slightly. distort the 
cross section and cause minute voids or vacuum spaces, which 
would in a short time be filled with gases from volatilization of 
the compound. When the cable is again straightened the gases 
prevent the space being entirely filled up; and, when voltage 
stress is applied and reaches a value sufficiently high these low- 
pressure gases are ionized. 
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Referring to Fig. 7 the 25 deg. cent. curves begin to decrease 
rapidly between 11 and 12 kv., that is, internal ionization begins 
here. Gradually a point of saturation is reached and the energy 
consumed by ionization approaches more nearly a true ohmic 
loss. | 
The 50 deg. cent. curves are more stable and the 75 deg. and 
100 deg. cent. curves entirely so. Тһе specific gravity of the 
compound alone, Fig. 2, shows that it expands appreciably with 
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temperature. The same thing must occur in cables and the 
. small spaces are gradually filled up as the temperature increases, 
with а corresponding increase in gas pressure. There is still 
slight ionization at 50 deg. cent. but the inherent loss in the | 
material, itself, predominates. At 75 deg. cent. expansion of the 
compound has probably reduced these air spaces to an almost 
infinitesimal size, and in addition, the gas pressure must be so 
high that ionization is practically eliminated. 
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A test made later on the sample discussed above shows the 
effects of bending paper cable to small radii while cold. Curve А 
in Fig. 8 was taken at 24 deg. cent. under the same conditions as 
the 25 deg. cent. curves in Fig. 7, that 1$, with the length bent 
U-shape to a radius of 9 in. (22.8 cm.) The length was then 
wound into а coil having a diameter of 4 in. (10.16 ст.) Curve 
B in Fig. 8 shows that considerably more energy was consumed 
by ionization and there must, therefore, have been more space 
to be ionized. It is interesting to note that ionization began at 
the same voltage in both cases. 

An unfilled sample length of cable was made up and the 
effects of internal ionization 
studied more closely. This 
will be discussed later. 

We have never discovered 
‚а case where trouble in op- 
eration could be attributed 
to this low temperature 
characteristic. Cables used 
in installation work аге 
handled more carefully than 
the test samples were and in 
addition there is little likeli- 
hood of continuous internal 
ionization under operating Fic. 8—ErrEcT or BENDING ON 
conditions. The total length INTERNAL IONIZATION АТ 24 DEG. 

: : CENT. А--ВЕмт TO LARGE RADIUS. 
of time a cable is operated p Bint to SMALL RADIUS 
cold is only a small per 
cent of its total life and even when the conditions are favorable 
it is only in cables of small conductor diameter or very high-volt- 
age rating that internal ionization is probable at normal opera- 
ting voltage. That this ionization must be of a weak nature is 
evident by the extremely small loss at 25 deg. cent. The same 
effect has been studied in highly stressed armature coils over 
long periods of time and it is surprising how little damage internal 
ionization causes in comparison with external corona at points 
along the surface of the coil. 

Here also, Evershed’s moisture theory could be made to apply 
and even better than in the case of the "heat cycles." The 25 
deg. cent. effective a-c. resistivity curves in Fig. 7 have much 
the same characteristic shape as the d-c. resistivity curves given 
in his paper. But, Evershed’s measurements were taken on 
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materials exposed to air and known to contain appreciable 
amounts of moisture. Тһе typical d-c. moisture curve drops 
rapidly from the start and the saturation point is reached at com- 
paratively low-voltage stress, while the a-c. resistivity curve on 
“Ягу” materials, that is, materials reasonably free of moisture, 
do not begin to drop until the materials are well stressed. As the 
paper progresses other points will be brought out confirming the 
conclusion that internal ionization accounts for the peculiar 
shape of these curves. 

The rapid decrease in effective resistance and corresponding 
increase in watts loss with increasing temperature as shown in 
Figs. 4 and 7 is not due to secondary effects such as moisture 
or internal ionization of entrapped gases, but is inherent in the 
material itself and is probably some sort of ionic conduction, 
with consequent change in the chemical structure. We would 
naturally expect, then, that the material with the highest effec- 
tive a-c. resistance at high temperature would be the least liable 
to deterioration at “hot spots" in a line and is therefore the 
most desirable one to use. 

The power factor at 100 deg. cent. in Fig. 5 1s 45 per cent, 
much higher than any measured on samples of three-conductor 
cable in which the same materials are used. In looking into this 
it was found that in making up the short length (30 ft. or 9.1 m.) 
for test purposes the regular process was not followed as closely 
as 16 should have been. The table and curves are given, however, 
because they are complete and bring out a number of interesting 
points. Another test length was made up under more favorable 
conditions and the readings on this are given below. 

Cable No. 2. Three samples were cut from the second special 
length of cable. The readings on these checked very closely and 
only one will be considered. This same plan was followed 
throughout in testing lengths of new cable, the samples always 
checking within three or four per cent. Cable No. 2 was similar 
in every respect to cable No. 1, except that care was taken to 
represent the regular three-conductor process more closely. 

Only one heat cycle was taken and the values are given in 
Table III. The resistivity vs. voltage curves are given in Fig. 9. 
The same characteristics drop in resistivity noted ш Cable No. 1 
is again in evidence, starting at 12-kv. and reaching saturation 
at about 26 kv. "The resistivity is much higher than that of 
cable No. 1 and the power factor lower. At 100 deg. cent., as 
shown in Fig. 10, the power factor is 13.4 per cent and this 
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TABLE III. (CABLE NO. 2) 
2/0 single conductor, maximum diameter 0.412 in. 
9/32 in. paper filled with mineral hydrocarbon base compound. 
3/32 in. lead sheath. 
Frequency 60 cycles. 


T E I /ft. PE. СЛ: Pav. 
deg. cent 163 W /ft. 103 per cent. 10-9 Kav. 1019 
22 6.06 0.0040 0.132 0.505 0.0577 2.910 205.6 
8.08 0.00711 | 0.176 0.500 . 0.0578 2.915 205.2 

10.00 0.0110 0.2155 0.520 0.0577 2.910 202.5 

15.20 0.0349 0.329 0.696 0.0575 2.895 147.0 

18.10 0.0832 0.392 1.172 0.0575 2.895 87.5 

21.00 0.1970 0.456 2.050 0.0576 2.900 49.8 

25.95 0.6420 0.582 4.240 0.595 2.995 23.3 
51 6.06 0.0162 0.136 1.409 0.0584 2.940 70.05 
8.08 0.0205 0.178 1.426 0.0586 2.955 71.0 

10.00 0.0320 0.220 1.454 0.0590 2.969 69.7 
15.20 0.0975 0.336 1.910 0.0586 2.955 52.20 
18.10 0.1850 0.397 2.575 0.0581 2.930 39.40 
21.00 0.3380 0.462 3.480 0.0581 2.930 29.10 
25.95 0.8740 0.590 5.700 0.0625 3.155 17.12 
48.5 4.34 4.0241 0.093 6.36 0.0567 2.860 16.90 
6.06 0.0480 0. 132 5.92 0.0569 2.868 16.82 
8.08 0.0852 0.175 5.80 0.0568 2.862 16.74 
10.00 0.1340 0.214 5.94 0.0565 2.852 16.60 
12.10 0.1926 0.258 6.10 0.0564 2.840 16.90 
15.20 0.3280 0.325 6.64 0.05645 2.845 15.70 
18.10 0.5200 0.387 7.41 0.05645 2.845 14.00 
100 4.34 0.0568 0.097 13.78 0.0589 2.970 7.54 
6.06 0.1094 0.138 13.60 0.0590 2.978 7.46 
8.08 0.1960 0.182 13.50 0.0591 2.980 7 40 
10.00 0.303 0.2255 13.41 0.0591 2.980 7.35 
12.10 0.447 0.272 13.60 0.0591 2.980 7.29 
15.20 0.720 0.342 14.20 0.0591 2.980 1.19 
18.10 1.116 0.408 15.10 0.593 2.985 6.54 
7а 4.34 0.0254 0.095 6.16 0.0580 2.925 16.50 
6.06 0.0499 0.136 6.14 0.0581 2.930 16.46 
8.08 0.0886 0.177 6.20 0.0581 2.932 16.40 
10.00 0.136 0.220 6.22 0.0584 2.940 16.36 
12.10 0.1990 0.267 6.38 0.0584 2.940 16.32 
15.20 0.3340 0.336 6.78 0.0584 2.940 15.40 
18.10 0.5540 0.400 7.90 0.0585 2.950 13.19 
52 6.06 0.02135 | 0.137 2.01 0.0594 2.995 38.20 
8.08 0.0410 0.181 2.81 0.0594 2.995 37.40 
10.00 0.0600 0.224 2.78 0.0594 2.994 36.70 
15.20 0.1520 0.339 2.95 0.0592 2.980 33.70 
18.10 0.2684 0.405 3.55 0.0594 2.995 27.20 
21.00 0.4580 0.468 4.66 0.592 2.980 _ 21.50 
25.95 1.024 0. 594 6.65 0.0605 3.050 14.60 

21 6.06 0.00497 | 0.135 0.607 0.0577 2.912 164.0 
8.08 0.00882 | 0.179 0.610 0.0580 2.922 165.0 

10.00 0.0139 0.219 0.635 0.0580 2.920 160.5 

15.20 0.0425 0.334 0.837 0.0580 2.920 121.1 

18.10 0.0906 0.397 1.262 0.0581 2.925 80.5 

21.00 0.203 0.462 2.090 0.0581 2.925 48.5 

25.95 0.692 0.590 4.510 0.0604 3.040 21.6 
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corresponds with measurements on samples of similar three 
conductor cable. We can give no explanation for the peculiar 
behavior of the permittivity. curves in Fig. 10. "This is the only 
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length of cable that showed a decrease of permittivity with tem- 
perature. 

Although the high temperature losses and power factors are 
representative of the materials and process used in making three- 
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conductor cables, the low-temperature characteristics are not, 
and indicate that this sample length was not sufficiently well 
filled with compound. This will be brought out more clearly 
as the paper progresses. 
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THREE-CONDUCTOR CABLE 


It 15 difficult to measure three-phase dielectric losses in short 
samples with a reasonable degree. of accuracy, and elaborate 
corrections are necessary. For this reason the measurements 
on three-conductor cable were taken single-phase. Three-phase 
values can be approximated from single-phase readings. 

Fig. 11 is a cross sectional sketch of a three-conductor cable 
and also shows the equivalent dielectric circuit. It is assumed 
that 


71 = 72 = Үз, Ра = fy = fe Ci = Co = C3 and с4 = сь = 66 


By applying single-phase voltage to all three conductors and 
grounding the lead sheath through the instrument, readings can 
be taken from which rı and сү can be calculated as shown in 
Appendix B. In the next set of readings voltage is applied to 


en Paper 
Ч Lead Чин M 


EQUIVALENT DIELECTRIC CIRCUIT OF 3$ CABLE 
CROSS SECTION 34 CABLE 


Fic. 11 


conductor А, and conductors В and C are connected to the 
lead sheath. From these readings r, and c, can be determined. 
Following the same method the three-phase values can be cal- 
. culated. The nomenclature and formulas are all given in Appen- 
dix B. 


Data on Three Conductor Paper Cable 


Cable No.3. This length was cut from an unused reel and was 
never in service. Specifications are given below: 


2/0 three-conductor, max. diameter 0.412 in. (10.45 mm.) 
9/32-in. (7.14 mm.) paper on each conductor. 

7/32-in. (5.5 mm.) paper over-all. 

Filled with a mineral hydrocarbon base compound. 
1/8-in. (3.1 mm.) lead sheath. 


The test samples each had an active length of lead,sheath of 
9 ft. (2.7 m.) bent into a half circle with the spread ends 
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properly sealed and immersed in crocks of oil. Тһе whole was 
placed in a large electrically heated oven. 

To be sure that no error was introduced by “епа effects” and 
exterior sources of loss a 20-ft. (6.1-m.) length was first tested at 
28 deg. cent. and then cut into 9-ft. (2.6-m.) lengths. The watt 
readings per foot on the two halves checked within 1.0 per cent 
of those on the total length. 

It required such a long time to reach uniform temperature at 
each step, (4 to 5 hours, whereas it only required one-half hour 
in the case of single conductor cable immersed in oil), that a 
complete heat cycle was not taken but only steps of 28, 48, 74 
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and 98 deg. cent. The calculated single- and three-phase values 
are given in Table IV. Fig. 12 shows the total calculated three- 
phase watts (Из) and three-phase power factor (cos 0%) for 
different temperatures at 25 kv. The corresponding single- 
phase measurements (И? and cos 0;), taken by applying high 
voltage to one conductor and connecting the other two to lead 
sheath, are also given. | 

Cos 0, and cos 0, agree almost exactly, and there is a close 
comparison between Из and We. For samples having the same 
thicknesses of conductors and jacket insulation, Му and И” 
would probably not check so closely but there would still be a 
good agreement between cos 0, and cos @2, and a study of power 
factor readings is sufficient ; іп fact, it is the only practical method 
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of comparing a number of three-conductor samples having 
different cross-sectional dimensions. 

The three-phase calculations in Table IV require entirely too 
much time so the “two conductor to lead sheath” connection 
(We, cos 0;, etc.) was adopted as a standard in testing the other 
three conductor samples. 

. The 98 deg. cent. power factor; Fig. 12, is 16.7 per cent while 
that of cable No. 2, made up by the same process is 13.5 per cent. 
This is a very fair agreement when it is considered that one is 
single- and the other three-conductor, and that they represent 
different batches. 

It is to be expected that a single-conductor cable would have a 
slightly lower power factor than a similar three-conductor 
cable. Referring to Fig. 13 and assuming a single-phase voltage 
E impressed between conductor A and the other two conductors, 
B and C, which are grounded to the lead sheath, the potential 
at points 2 and 3 would be 0.5 E. Тһе potential at point 1 
would be a little above ground, say 0.1 E, then the potential 
between 2-1 and 3-1 would be 0.4 E. This tangential stress causes 
a leakage or equalizing current to flow along the surfaces between 
the paper and jute filler, and thereby adds to the totalloss. The 
value of the excess loss would be de- 
termined by the value of the effective 
аем зет Ә-С. resistance іп the surface leakage 
M Paper path. If this is very high, the excess 
-Jute loss will be only a small part of the 

total, but if it is comparatively low, 
this loss may be an appreciable part. 
It is important then, that materials 

Fic. 13—Скозз Section Pe used here that have the highest 
or ТНЕЕЕ-Сомростов Салве possible "surface resistance," especi- 

| ally at high temperatures. 

Three-phase tangential stress between the points 1, 2 and 3 
is higher than single-phase, and appears in a different way. Let 
the three-phase line voltage be Еҙ. Point 4, being the center of a 
symmetrical arrangement, will be at ground potential and the 
potential between this point and conductors А, B and C will be © 
E, / У 3. An electrostatic polyphase field will rotate about 
point 4 and M. Hochstadter * has -shown by diagrams that, 
assuming the surface resistance to be high, the difference in 
potential between the points 1, 2 and 3 is 0.87 Ey. 


* “Three Core Cables" by M. Hochstadter, Electrotechnische Zeit- 
schrift, Heft 47, 1915. Abstract in the London Electrician, 1916, р. 209. 
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The actual three-phase loss will, therefore, be higher than the 
calculated loss in Table IV (depending upon the value of surface 
resistance), since the stress between 2-1 and 3-1 will be about 
twice as great. 

These. tangential stresses, occurring as they do in the hottest 
part of the cross section are a weak point in three-conductor 
cable design and will probably be the limiting feature of the 
maximum voltage rating that will be reached in the future. 

At present 25,000-volt, grounded Y, is about the highest 
rating here in America, where conduit transmission is used. 
In Germany a 30,000-volt system has been installed *, and one 
in England, rated at 33,000 volts. | These two systems, however, 
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make use of buried cable and operate at relatively low tem- 
peratures. 

'That the present maximum voltage rating for three conductor 
paper insulated cable in conduits is reliable under reasonable 
conditions is shown by the experience of one of the operating 
companies. They have lines rated at 24,000 volts, grounded Y, 
that have been in service continuously for five years and no 
more trouble has been experienced with these than with lower 
voltage lines in the same system. 

ж ''80,000-Volt, Three-Phase Cable System, Berlin" Бу W. Pfaunkuch, 
E. T. Z., April 18, 1916. 

t "Recent Practise іп the Manufacture, Laying and Jointing of 33,000- 


Volt, Three-Phase, Underground Cable” by C. Beaver, London Electri- 
cian, June 23, 1916. | | Ээ | 
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A sample length, cut from one of their lines was obtained and 
the tests on this are discussed under the following heading 


Cable No. 4.. 


Length of sample, 22 ft. (6.7 m.) 

1/0 three-conductor. 

9/32-in. (7.1 mm.) paper on each conductor. 
7/32-in. (5.5 mm.) paper over-all. 

Filled with mineral hydrocarbon base compound. 
1/8-in. (3.1 mm.) lead sheath. 

In service approximately five years at 24,000 volts. 


When preparing this length for test we found that only one 
end was sealed up. It had evidently been cut from a longer 
length which was properly sealed when taken from the line and, 
through an oversight, sealing of the sample omitted. Тһе reel 
on which this sample was wound had lain out doors in the rain 
and snow for four weeks after receiving and it was feared that 
moisture absorption had spoiled it. 

Energy loss measurements showed, however, that although 
this sample had absorbed a slight amount of moisture it did nof 
affect the insulation characteristics to a great extent. 

The whole length was first tested at 24 deg. cent. and then 
cut in halves. The sum of the loss in the two halves checked the 
total, but the half towards unsealed end had 6 per cent 
greater loss than the other, thus indicating that it had absorbed 
the most moisture. Even this amount must have been extremely 
small for the power factors were quite low. 

The single-phase energy-loss data of the half towards the sealed 
end is given in Table V. Fig. 15 shows the variation of watts 
and power factor with temperature. At 25 deg. cent. the 25-kv. 
power factor is 2.3 per cent and at 100 deg. cent. it 1s 26.3 per 
cent. Тһе corresponding power factors for new cable of the 
same kind are 1.9 per cent and 16.7 per cent. (Fig. 12). Allowing 
for possible variation in different batches, and any slight amount 
of moisture that may have been absorbed during exposure, this 1$ 
a good agreement, and together with the operating experience, 
shows that this type of cable had not deteriorated to an appre- 
ciable extent, if at all. After the tests were completed: Cable 
No. 4 was cut open and closely examined. It was found to be in 
good condition. 

- The resistivity r” curves are given in Fig. 16. Internal ioniza- 
tion begins at about 20 kv. in the 24 deg. cent. curve, and there 
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is also a slight break in the 51 deg. cent. curve. The correspond- 
ing low temperature (28 deg. cent.) curve of Cable No. 3 (Fig. 14) 
shows ionization starting at the same voltage, but at 48 deg. 


TABLE V. (CABLE NO. 4) IN SERVICE 5 YEARS. 


Specifications same as for Cable No. 3 with exception that conductors were 1/0. 
Frequency 60 cycles. 


T E 1» - Р.Е. г” С” 
deg. cent. 10° Wa 10-3 per cent. 10% 10-9 
24 10.08 0.0238 0.1420 1.66 0.427 0.0374 
12.92 0.0386 0.1786 1.678 0.430 0.0366 
15.80 0.0584 0.2170 1.705 0.428 0.0363 
18.10 0.0771 0.2480 1.720 0.425 0.0362 
23.10 0.1450 0.3140 1.999 0.368 0.0361 
25.00 0.1850 0.339 2.200 0.338 0.0360 
30.00 0.3230 0.4040 2.670 0.279 0.0357 
51 10.08 0.1103 0.1462 7.51 0.0919 0.0385 
12.92 0.1820 0.1859 7.57 0.0916 0.0380 
15.80 0.2700 0.2270 7.46 0.0914 0.0379 
18.10 0.3600 0.2615 7.63 0.0911 0.0379 
23.10 0. 5940 0.3300 7.76 0.0900 0.0378 
25.00 0.728 0.3560 8.15 0.0860 0.0377 
30.00 1.129 0.4280 8.77 0.0799 0.0377 
74 10.08 0.202 0.1512 13.26 . 0.0503 0.0396 
12.92 0.334 0.1930 13.39 0.0502 0.0393 
15.80 . 0.496 0.2340 13.45 0.0501 0.0390 
18.10 0.655 0.2640 13.52 0.0500 0.0384 
23.10 1.063 0.3370 13.70 0.0499 0.0384 
25.00 1.287 0.3670 14.20 0.0487 0.0384 
30.00 1.970 0.4370 15.00 0.0466 0.0384 
77 10.08 0.219 0.1512 14.37 0.0472 0.0394 
12.92 0.356 0.1930 14.26 0.0469 0.0392 
15.80 0.528 0.2350 14.31 0.0468 0.0390 
18.10 0.704 0.2670 14.55 0.0466 0.0388 
23.10 1.143 0. 3380 14.69 0.0465 0.0384 
25.00 1.400 0. 3680 15.18 0.0446 0.0385 
30.00 2.110 0. 4400 15.92 0.0426 0.0385 
101 10.08 0.463 0. 162 28.4 0.0220 0.0408 
12.92 0.740 0.204 28.1 0.225 0.0404 
15.80 1.079 0.248 27.5 0.0231 0.0401 
18.10 1.400 0.283 27.3 0.2034 0.0398 
23.10 2.215 0. 360 26.7 0.0241 0.0395 
25.00 2.635 0. 392 27.0 0.238 0. 0402 
30.00 3.920 0.477 27.4 0.0229 0.0406 


cent. there 16 none at all. Ionization is not very pronounced in 
either sample. | 
TROUBLE EXPERIENCED IN OPERATION 


The most interesting case encountered was the trouble ex- 
perienced by another one of the operating companies. 
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Several years ago it installed a considerable length of new 
cable in its 13,800-volt, Y-cónnected, grounded-neutral system. 
It had the following specifications: 

4/0 three-conductor. 

7/32-in. (5.5 mm.) paper on each conductor. 

7/32-in. (5.5 mm.) paper over all. 

Filled with vegetable hydrocarbon base compound. 

.1/8-in. (3.1 mm.) lead sheath. 
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The failures encountered in this lot of cable gradually increased 
with time and finally reached such serious proportions that a 
special investigation was made to determine the trouble. 

By referring to the records it was found that the cables had 
never been heavily overloaded and there were no indications of 
unusual high-frequency disturbances. 

Most of the trouble was experienced at points known to be 
heated above the average duct temperature from external 
sources. 

The cables were in a number of cases quite warm even when 
lightly loaded, indicating that the dielectric energy loss must 
have been so high that it was comparable with copper losses. 
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In one instance, after-a cable had failed at a known ''hot spot" 
in the system, sections of the remaining cables at this point were 
removed from the ducts, cut open and examined. 

Referring to Fig. 13, the triangle of jute filler and the surfaces 
of the paper wrappings between the points 1, 2 and 3 were badly 
scorched. There were spots in some of the sections where the 
paper wrappings were charred almost down to the copper. The 
wrappings next to the lead sheath and those next to the copper 
(except at the spots where charring was very bad) showed no 
signs of deterioration and this would indicate that the charring 
mentioned was not caused directly by burning from overloads 
or from exterior sources of heat. 
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TOTAL EFFECTIVE RESISTIVITY PER FOOT-r x 1010 


Mr. Hochstadter described this same characteristic charring 
in the article previously referred to. 

By arrangement, whenever failure occurred a sample 12 ft. 
(3.6 m.) in length was cut from the line near the point of failure, 
sealed up and sent to the laboratory. Twelve samples were 
collected in this way and in addition a new one of the same kind 
was cut from a reel in the store room. 

Cable No. 5a. The energy loss data оп the new sample referred 
to above is given in Table VI. As there were so many samples 
to be tested readings were taken at only two temperatures, 
21 deg. and 100 deg. cent. 

The power factor and loss curves are given in Fig. 17. The 
13,800-volt power-factor is 1.5 per cent at 21 deg. cent. and in- 
creases to 54 per cent at 100 deg. cent., showing that this lot of 
cable had poor temperature” characteristics even when new. 
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TABLE VI. 
4/0 three-conductor 
7/32 in. paper on each conductor 
7/32 in. paper over-all 
Filled with vegetable hydrocarbon base compound 
1/8 in. lead sheath 
Frequency 60 cycles * 


T E 13 Р.Е. r” c 
deg. cent. 10? W: 10-3 per cent. 1016 10-9 


і —— ———M a—M € — 


CABLE NO. 5-A NEVER IN SERVICE 


21 4.05 0.00542 0.0860 1.552 0.3025 0.0554 
6.06 0.01187 0.1280 1.529 0.3100 0.0560 
8.89 0.02530 0.1894 1.500 0.3120 0.0566 
11.95 0.04510 0.2550 1.480 0.3150 0.0567 
14.80 0.07145 0.3168 1.522 0.3070 0.0568 
17.88 0.1300 0.3836 1.896 0.2460 0.0569 
100 4.05 0.2888 0.1365 52.27 0.00567 0.0763 
6.06 0.6000 0.2020 49.00 0.00614 0.0768 
8.89 1.350 0.2990 50.85 0.00585 0.0769 
11.95 2.555 0.4070 52.50 0.00560 0.0770 
14.80 4.220 0.5170 55.16 0.00519 0.0773 
17.88 6.763 0.6500 58.22 0.00476 0.0784 
CABLE NO. 5-B ІМ SERVICE 5 YEARS 
22 4.05 0.00864 0.0803 2.655 0.1900 0.0524 
6.06 0.01875 0.1210 2.550 0.1960 0.0527 
8.89 0.0416 0.1787 2.620 0.1900 0.0533 
11.95 0.0899 0.2432 3.095 0.1592 0.0539 
14.80 0.1790 0.3060 3.955 0.1222 0.0549 
17.88 0.3322 0.3750 4.955 0.0963 0.0558 
100 4.05 0.947 0.2850 82.10 0.001730| 0.1064 
6.06 2.185 0.4400 81.95 0.001684| 0.1100 
8.89 4.963 0.6760 82.00 0.001592| 0.1157 
11.95 9.55 0.9725 82.15 0.001498| 0.1230 
14.80 17.23 1.3700 84.56 0.001272| 0.1282 
17.88 30.62 1.9580 87.50 0.001043! 0.1402 
CABLE NO. 5-С IN SERVICE 5 YEARS 
29 4.05 0.03925 0.10865 8.90 0.0418 0.0718 
6.06 0.0870 0.1650 8.68 0.0422 0.0720 
8.94 0.1881 0.2412 8.74 0.0423 0.0717 
12.07 0.3673 0.3256 9.35 0.0396 0.0714 
14.93 0.6025 0.4025 10.02 0.0367 0.0711 
18.01 1.0050 0.4935 11.30 0.0321 0.0710 
111 4.05 0.9000 0. 2900 “76.70 0.001825 0.1219 
6.06 1.9940 0.4338 74.50 0.001848 0.1223 
8.94 4.3170 0.6613 73.10 0.001845 0.1314 
12.07 8.5700 0.9350 76.00 0.001699 0.1338 
14.93 14.9100 1.2870 77.70 0.001492 0.1432 
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TABLE VI. (Continued) 
4/0 three-conductor 
7/32 in. paper on each conductor 
7/32 in. paper over-all 
Filled with vegetable hydrocarbon base compound 
1/8 in. lead sheath 
Frequency 60 cycles 
T E I: P.F. т" - c 
deg. cent. 103 Ws 10-3 рег cent. 10% 10” 
CABLE NO. 5-Е ІМ SERVICE 5 YEARS 
20 4.05 0.00705 0.0950 1.830 0.2309 0.0622 
6.06 0.01532 0.1440 1.755 0.2421 0.0627 
8.89 0.0322 0.2112 1.715 0.2450 0.0634 
11.95 0.0625 0.2855 1.832 0.2290 0.0640 
14.80 0.1098 0.3550 2.090 0.1995 0.0639 
17.88 0.2110 0.4300 2.747 0.1517 0.0638 
100 4.05 0.3546 0.150 58.30 0.00462 0.0797 
6.06 0.747 0.225 54.80 0.00493 0.0844 
8.89 1.516 0.333 51.25 * 0.00521 0.0854 
11.95 2.842 0.450 52.80 0.00503 0.0849 
14.80 4.450 0.559 .53.75 0.00493 0.0842 
17.88 6.840 0.677 56.50 0.00468 0.0816 
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This is an important point and it is safe to зау that any new 
cable with such a high DOWEL асо at 100 deg. cent. will in time 
cause trouble at “hot spots.” 

. Cable No. 5b. The measurements on this sample, one of those 
cut from a line near point of failure, are also given in Table VI. 
The 13,800-volt power-factor in Fig. 18 is 3.7 per cent at 22 deg. 
cent. and increased to 85 per cent at 100 deg. cent. It was 
thought that this sample must have been partly broken down and 
charred to give such an extremely high power-factor at 100 deg. 
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Fic. 18—WaTTS PER Боот AND POWER FACTOR CABLE 5b (PAPER)— 
IN SERVICE FIVE YEARS 


cent., although the 22 deg. cent. power-factor is within reason- 
able limits. But, when it was cut open no burning or scorching 
of any kind was found. It was well filled with compound and 
the surface of the paper between the points, 1, 2 and 3 (Fig. 13) 
showed evidence of trouble just beginning. The compound had 
coagulated here, a characteristic sign of distress. One other 
sample checked the above one closely in every detail. 

Cable No. 5c. The data and curves in Table VI and Fig. 19 
show this sample to be either saturated with moisture or partly 
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broken down. Тһе 13,800-volt power-factor at 29 deg. cent. is 
10 per cent. No insulation gives power factors this high at low 
temperature unless conducting impurities are present. The 
111 deg. cent. power-factor is 77 per cent, not quite as high as 
that in Cable No. 5b. 

When cut open three spots, each about one foot in length were 
found where the characteristic charring of the central section 
had eaten almost down to the conductors. In the rest of the 
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length this section was either scorched or the compound had 
coagulated as previously described. 

Cable No. 5d. The energy loss readings on this length checked 
those on cable No. 5c very closely and are therefore not given 
in the table. They indicated that the sample was partly broken 
down, so an endurance run at 15 kv. and 100 deg. cent. was made 
to get some idea in regard to how a cable actually fails in opera- 
tion. A log of this run is given in Fig. 20. It is interesting to 
note that it required two hours and 40 minutes to reach com- 
plete breakdown. 
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Examination showed the same characteristic charring at four 
places. One of these had charred completely through to the 
conductors, (the point where break down occurred.) It is prob- 
able that the endurance run had little to do with the damage 
at the other spots. It requires a number of days to cause such 
complete carbonization in an air tight cross section, as we have 
often observed in aging tests at 200 deg. cent. on different kinds 
of materials. 

Cable No. 5e. 'The energy-loss data are given in Table VI. 
The 13,800-volt power factor is 2 per cent at 20 deg. cent. and 


"ELA LÀ 
"LLLI | 
z 6120 
Sal | | св 
AE eh 2-44 
5 «пов 
TARRE Б ы 
” 20 е < E. 
к LL 25 
a ш 
7 рл = 100 w | 
Bees 5 = 
MERE NP = Ë 
Ш T N 5, 
т o 90 
a 
uJ 
0 а. 
0 0.5 1 1.5 2 2.5 3 
TIME IN HOURS 
Fic. 20—ENDURANCE RUN, CABLE 5d (PAPER)—IN SERVICE FIVE 
YEARS 


53 per cent at 100 deg. cent. thus comparing with the new 
sample, (No. 5a). This sample (5e) had the lowest power factor 
and losses of any of the old samples tested. 

When cut open it was found that the greater part of the length 
was comparatively 'dry," that is, only partly filled with com- 
pound. No signs of deterioration were in evidence. 

Several of the samples were in this “dry” condition and іп 
none of these were there signs of deterioration, in addition the 
power factor was always lower than in the well filled samples. 
This indicates better than anything else, that the compound 
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filler was at fault, and that no moisture was present, for moisture 
would naturally accumulate in the “гу” sections. 

Resistivity Curves.— The low temperature resistivity curves 
т” are shown in Fig. 21. The voltage was not carried up to 
complete saturation in any case. It was necessary to avoid 
over-stressing and thereby be sure that the samples when 
examined after test were in the same condition as when cut from 
the line. Ionization started at 9 kv. in all the samples except 


the new one (5a). E 
mco A [TN 


Variation of Capacity with Эн 
Ч 
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0.32 


Temperature. А study of the 
capacity C" valuesin Table VI 
shows that there 1$ consider- 
able increase at high tempera- 
tures and that this increase 
is greater the higher the loss 
in the sample; in other words, 
the lower the resistance of 
the material the higher the 
capacity. At zero resistance 
the capacity would be infinity. 
Tesis on the Compound. 
Compound was pressed from 
one of the lengths that had Р 
been in service, and a short gq, 
section of the new length (5a). 
Neither length had been given 
an electrical test and they шит 8 12 16 
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pound. 5c, 5e (PAPER) 
Vacuum treatment gave no | 


evidence of an appreciable amount of moisture in the compound. 
A chemical analysis showed the presence of free organic аса 
and this was more marked in the compound which had seen 
service. 

The d-c. resistivity at different temperatures, taken between 
5 cm. terminals as described in the first part of the paper, is 
given in Fig. 22. The resistance of both is very low and that of 
the old sample shows considerable deterioration, which must be 
due to chemical change under the conditions of voltage stress 
and temperature met with in operation. 
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VARNISHED CAMBRIC AND RUBBER INSULATED CABLE 

Numerous tests have been made on different kinds of varnished 
cambric and rubber insulated cable as well as paper insulated 
cable other than those already discussed. 

Space will allow the characteristics of varnished cambric and 
rubber insulation to be dealt with but briefly. Later we hope 
to present results showing the value of energy-loss measurements 
in determining different grades of rubber. 

Representative samples of 2/0 single conductor cable having 
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varnished cambric and rubber insulation have been selected for 
comparison with paper cable as follows: 


Cable No. 6. 9/32-in. (7.1 mm.) black varnished cambric. 

Cable No.7. 9/32-in. (7.1 mm.) 33 per cent pure grade para 
rubber. 

Cable No. 8. 9/32-in. (7.1 mm.) 30 per cent good commercial 
grade rubber compound. 


The permittivity and resistivity values of these samples are 
included in Figs. 24 to 27 which will be discussed under the 
following headings. 
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RELATIVE PERMITTIVITY AND GRADING 

It would perhaps be well to combine the three standard types 
of cable insulation in one group and study their relative charac- 
teristics more closely. 

Variation of Permittivity with Voltage Stress. The voltage 
gradient curve for the cross section of single-conductor cable 
considered is given in Fig. 23 at a total impressed voltage, E = 
10 kv. 
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Fic. 23—VOoLTAGE GRADIENT АТ 10 Kv. кок 2/0 SINGLE-CONDUCTOR 
CABLE—9/32 IN. THICKNESS OF INSULATION 


b 


| лд = voltage gradient 
таг. = maximum gradient. (а, next to conductor) 
£e = average gradient. 


The relative permittivity values, K,,, in Tables II and III 
show that K,, varies slightly with voltage Е. It is evident, 
then, that K varies with g through the thickness of insulation, 
and K,, represents the value of K at a point approximately 
coinciding with gay. 

In Fig. 24 the 50 deg. cent. values of Ka for the different 
materials are plotted against ёс, instead of E. Тһе section of 
the curves between the perpendicular lines shows the variation 
of К with g through the thickness. The largest variation occurs 
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in Cable No. 8 (rubber) and is only 1.6 per cent. Тһе variation 
in Cable No. 6 (varnished cambric) is 0.7 per cent. Тһе actual 
value of gmaz will therefore Бе slightly less than the theoretical 
value given in Fig. 23; in other words, the insulation tends to 
grade itself automatically, but only to a slight extent. | 

The above grading of K considers а uniform temperature. 
In operation, the distribution of temperature will cause still 


Cable No.7 (Rub 


ГГ 


RELATIVE PERMITTIVITY- К av. 


Пк 
е 
LJ 


К: 10 14 18 22 26 
VOLTAGE GRADIENT- G av. x 10? 


Fic. 24—RELATIVE PERMITTIVITY OF DIFFERENT MATERIALS АТ 
50 рес. CENT. AND 10 Kv. 


further grading, since K increases with temperature in most 
materials. | 

Variation with Temperature. Fig. 25 shows the change in Ka, 
with temperature for the different materials at E = 10 kv. The 
slope of the varnished cambric curve (Cable No. 6) is very 
noticeable. . The K of good paper insulation (Cable No. 2) does 
not increase much with temperature but that of medium paper 
(Cable No. 1) increases appreciably above 75 deg. cent. Anidea 
of the rapid increase of K with temperature in poor paper insu- 
lation can be obtained from the capacity c" values in Table УІ. 
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Assume that the conductor is at a temperature of 50 deg. cent. 
and the lead sheath 40 deg. cent. Referring to Fig. 25, the lar- 
gest variation of K, 4 per cent, occurs in varnished cambric 
(Cable No. 6). 

Combining the automatic grading due to voltage stress and 
that due to temperature the total effect in Cable No. 6 will 
cause approximately а 3 per cent decrease in gmaz. In other 
words, automatic grading is hardly appreciable and the theo- 
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Fic. 25—RELATIVE PERMITTIVITY OF DIFFERENT MATERIALS АТ 10 Kv. 


retical gradients іп Fig. 23 are approximately correct. Тһе 3 
per cent decrease in gmaz discussed above is probably entirely 
neutralized by the distortion at the surface of stranded conductors 
tending to raise gmaz slightly above the theoretical value. 


EFFECTIVE RESISTIVITY 
Variation with Temperature. The 10-kv. curves of effective 
specific resistivity versus temperature for the different cable 
samples are given in Fig. 26. 
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A comparison of the slope of. these curves shows that paper 
. insulation has the poorest temperature characteristics and must 
be of the highest grade to bring the 100 deg. cent. resistivity 
well up in value (Cable No. 2). "he resistivity of Cable No. 1, 
a medium sample, drops very rapidly with temperature and it 
can be imagined how rapidly the resistivity of a very poor cable, 
such as No. 5b, will drop. It is this effect at “hot spots” that is 
of such great importance in cable work. 

Varnished cambric follows after paper and it is evident that 
the resistivity characteristics are not particularly good. Var- 
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Fic. 26—Loc or SPECIFIC RESISTIVITY (EFFECTIVE) AT 10 Kv. 


nished cambric has this advantage, though; it is very stable and 
uniform. Its good mechanical qualities are another point in its 
favor. | 

Rubber has the best temperature characteristics. It is to be 
regretted that these cannot be better utilized, but the physical 
changes that take place in rubber prohibit its use at high tem- 
peratures. 

Variation with Voltage Stress. Тһе variation of p through the 
thickness should be dealt with in the same way as the variation 
of K. 

In Fig. 27 the 50 deg. cent. values of p,, for the different 
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samples are plotted against ga, instead of E. The section of the 
curves between the perpendicular lines shows the variation of p 
with g through the thickness. The greatest variation, 26 per 
cent, occurs in Cable No. 8, and the least, 8 per cent, 1n Cable 
No. 6. | 

Referring again to Fig. 20 and assuming temperatures of 50 
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Fic. 27—SPEciric RESISTIVITY (EFFECTIVE) АТ 50 DEG. CENT. AND 
10 Kv. 


to 40ideg. cent. for the conductor and lead sheath respectively, 
the"greatest variation of p through the thickness, 50 per cent 
occurs in Cable No. 1, and the least, 5 per cent in Cable No. 7. 

When the above two effects are combined it is evident that 
the value of ¢ is much less, and consequently the watts рег cm.? 
next to the conductor is much more, than the values further out 
in the thickness. 
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INTERNAL JONIZATION 

As mentioned in the first part of the paper, coils have been 
overstressed for long periods of time and the effects of internal 
and external ionization noted. Examination, after a continu- 
ous run of a year or more at two times normal operating voltage, 
shows deposits on the walls of the gas spaces; but it is surprising 
how little actual damage is done. The materials used, however, 
were known to be quite stable chemically. | 

Overstressing to a point where internal ionization begins 15, 
of course, to be avoided in practise; it is obvious however, that 
materials should be used that are chemically the least affected 
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Fic. 28—INTERNAL IONIZATION IN A HIGH-VOLTAGE ARMATURE COIL 


by it, for ionization may sometimes be met with; for instance, 
when high-potential test is applied to lengths of cable in low 
temperature conduits. 

Fleming and Johnson* have dealt to some length with the 
effects of internal ionization in overstressed coils insulated with 
chemically unstable materials. They found these effects very 
harmful in some cases. 

The resistivity curves of an armature coil whose thickness of 
main insulation, (0.22-in. or 5.6 mm.) was known to contain small 


*Chemical Action in the Windings of High-Voltgage Machines”, by 
Fleming and Johnson, Journal I. E. E., Vol. 47, p. 530. 
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gas spaces are given in Fig. 28. Тһе ionization at 22 deg. cent. 
starts at 12 kv. and is quite pronounced. | 
Ionization іп Unfilled Cables. Special lengths of cable (Nos. 
9a and 9b) were made up for the purpuse of studying internal 
ionization. 
The specifications are as follows: 


2/0 single conductor 
9/32 in. (7.1 mm.) varnished paper tape. 
3/32 in. (4.7 mm.) lead sheath. 
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Fic. 29—Рев CENT Power FACTOR CABLES да AND 9b (VARNISHED 
PAPER) AT 10 Kv. 


The tape in No. 9a was first run through compound and then 
applied half lap. Compound was copiously used and a thor- 
oughly filled insulation resulted. Тһе tapings іп No. 9b were 
applied dry without filling of any kind, thus leaving small air 
spaces between layers at the overlapping edges of the tape. 

Three samples of Cable No. 9a were tested and checked exactly. 
None of the four No. 9b samples checked and one broke down 
at 24 kv. while taking readings. Тһе No. 9b curves given аге 
for the average sample. 
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Fig. 29 shows the 10-kv. power factor heat cycles. "That of 
No. 9a is very stable but there is a big difference between the 
heating and cooling curves of No. 9b. Тһе permittivity cycles 
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in Fig. 30 show much the same characteristics. Some very 
appreciable change must have taken place in No. 9b during the 
cycle. 
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PAPER, FILLED) 


The resistivity curves of No. 9a are given in Fig. 31. The 
inherent resistance decreases noticeably. There are only 
traces of ionization in the 35 deg. cent. curves. 
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The corresponding curves for No. 9b in Fig. 32 show pro- 
nounced ionization in all of the heating curves, beginning at 6 
kv. It has almost entirely disappeared in the cooling curves. 
The permittivity values in Fig. 33 and 34 follow the same char- 
acteristics in an even more pronounced way. 

From the general trend of the test it was evident that some 
sort of partial breakdown occurred in Cable No. 9b at 125 deg. 
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Fic. 32—SpPECIFIC RESISTIVITY (EFFECTIVE) CABLE 9b (VARNISHED 
PAPER, UNFILLED) 


cent., so it was cut open for examination. The wrappings 
especially those nearest the conductor, were perforated with 
small “ріп pricks” in a distinct way. The majority of them 
followed a straight line lengthwise down the middle of the taping 
where the adjacent overlapping edge had been in contact. 
The air space along this line was ionized and since ionized gas 
is a good conductor it acted like a sharp metallic edge, that is, 
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concentrated the stress to such a degree that partial failure 
occurred. Оѕбогпе* first noted this characteristic perforation. 
The walls of the perforations must have been conducting and 
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Fic. 33—RELATIVE PERMITTIVITY CABLE 9a (VARNISHED PAPER, 
FILLED) 


this tended to short-circuit the air spaces, for Figs. 32 and 34 
show that they were eliminated in some such way in the cooling 


curves. 
The permittivity characteristics in Fig. 34 are of particular 
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Fic. 34—RELATIVE PERMITTIVITY CABLE 9b (VARNISHED PAPER, 
UNFILLED) 


interest. They illustrate step by step what happened. In the 
34 deg. cent. heating curve the effective permittivity increases 

*Potential Stresses of Dielectrics by Н. S. Osborne, Proc. A. I. E. E., 
Vol. 29, p. 1553. 
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with voltage stress as the low permittivity air spaces are grad- 
ually ionized, in other words, eliminated from the effective per- 
mittivity. In the 30 deg. cent. cooling curve the air spaces 
have been short-circuited by perforation at 125 deg. cent. and 
consequently the curve does not depend upon voltage stress but 
is almost flat, meeting the 34 deg. cent. heating curve at 27 kv. 

It would be interesting to determine at various pressures and 
spacings the stress necessary to ionize the gases filling spaces іп 
different kinds of insulation, and see if it is not possible to pre- 
determine by calculation the starting point of internal ionization. 
This would furnish very useful information to designing engi- 
neers regarding the proper voltage rating of their apparatus. 
The investigation is still in its first stage, however, and event- 
ually it is hoped to reach this point. 
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APPENDIX A 


SHOWING METHOD USED IN CALCULATING SINGLE CONDUCTOR 
CABLE DATA | 


The following nomenclature and formulas are used throughout 
the paper: | 


= impressed voltage 
I — total amperes per foot length of cable 
= watts loss (dielectric) per foot length of cable 
cos 0 = dielectric power factor 
C = capacity in farads per foot. 
К „,. = relative permittivity (average through thickness) 
К. = capacity per cm’. of air = 0.08842 х 10-7 farads 
` R = total effective a-c. insulation resistance per foot. 
effective resistance per cm*. (average through thickness) 


ТО 
(b 
e 
>> 

| 


E 

a 

С 
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E $t — voltage gradient. 


Zav. = average voltage gradient through thickness 
length in cm. — 1 ft. — 30.48 cm. 


ос 
| 


сы 
| 


1917] INSULATION CHARACTERISTICS 509 


b = radius in cm. inner side lead sheath 


4t 


а = “ “ of conductor. 


Тһе dielectric circuit is considered as a parallel circuit, that 15, 
the resistance and capacity are considered as being in parallel. 


cos 9 = =) (1) 
I sin 0 | 
C= л (2) 


For a single conductor cable in which the thickness of insula- 
tion consists of one kind only: 


cr a = - 
dc ^ Kaka. 2тїх 


therefore: 
_ ka Ra 271 
~ log. b/a 


Isinð ka kav. 27l 
2rfE — log, b/a 


3 


therefore: 


2 I sin 0 - log, b/a (8) | 
(2-T)?lfEK, 


d R = Pav. 


2тіх 


Pav: mE X 
К-т) 9% 6/6 = ўр 


therefore: 


2 т 1 Е? | 
Pav. = Й Тор, b/a (4) 
For the voltage gradient: 

d e CE 


55 ax | К.К,,2тяїх 
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therefore: 
t7 VU (5) 
А = area of gradient curve between а and 5 
b 
am [ets | = 
threrfore: Area, A к Е (6) 
fe т) 


APPENDIX B 


SHOWING METHOD USED IN CALCULATING THREE CONDUCTOR 
| CABLE DATA 


Referring to Fig. 11 it is assumed that, 
71 = fo = 13, Г4 = 15 = Ғе, су = Co = сз and C4 = сь = Cg 
For Singlephase Readings: 
Let Е = variable test voltage 
И = loss due to r, per foot 
Ws = loss due to rı r4 and rg per foot 
W; = loss due to r, per foot 
I, = current due to Y, 
current due to Y, Y, and Ys 
I; = current due to Y, 


bony 
ь 
| 


с” = 2 с, + с: = capacity іп farads per foot. 
rır . ' . | 
” = _——1—#_— = effective resistance in ohms per foot. 
27: + 74 


By applying high voltage to all three conductors connected 
together and grounding lead sheath through the instrument 
readings of З И, and 3 J; can be taken at voltages, Е, and curves 
plotted. In the next set of readings high voltage is applied to 
conductor A and conductors B and C are connected to the lead 
sheath. These readings correspond to И and 12. 

Then 


ЕЭ — power factor from conductor to lead sheath. 
1 
I, = І, cos 0 — j (4i sin 0) 


cos Ө, = 


1917] 


ry 


cos 0; 


Is 


COS 0, = 


T4 
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E? andi  lisin б, 
Wi C TIE 


ЕТ, = power factor due to У, Y, and Y; 


I,— 1, W;-— Wi 
2 апа И’; = а 


1/2 У (Is cos 0; — I, cos 6;)?+ (1; sin 0; — Г, sin 63? 


7 Е 
Из = power factor between conductors. 
E I; | 
2 and c, — ee 
W; 47 әт/)Е 


Three Phase Calculations 


The equivalent dielectric circuit in Fig. 11 gives two separate 
circuits, one A (between conductors), and the other Y (between 
conductors and lead sheath). 


" I; sing 


line voltage (variable). 


E — voltage to lead sheath. 
total three phase loss (dielectric) per foot 
current per conductor per foot 
three phase power factor 
3 (Из: + W^) where; 
И; read from curves at voltage Ey and, 
И’, read from curves at voltage eg 
I5' + I,’ where; 
1; У 3 at voltage E, and, 
Г, at voltage eg 
Ws 
V3 E, I; 


2 т / Es - capacitv, farads per conductor per foot. 
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PRESENT PRACTISE IN THE DESIGN AND 
MANUFACTURE OF HIGH-TENSION 
INSULATORS 


— ap 


BY А. О. AUSTIN 


ABSTRACT OF PAPER 


As considerable time or a severe condition is necessary to 
show up serious insulator defects, the favorable line conditions 
on the earlier lines permitted the use of inferior material and 
designs. Тһе apparently satisfactory operation of inferior insu- 
lators together with the large production necessary did much to 
retard improvement in the insulators, for improvement was prac- 
tically impossible unless same could be accomplished without 
materially increasing the cost. 

The desire to increase production and improve the fnaterial 
necessitated radical changes in the manufacture and equipment, 
so that the well equipped plant today is far different from the 
ordinary pottery which it resembled a few years ago. 

The rapid development in the transmission field has mater- 
ially changed conditions, and rendered much apparatus obsolete, 
the early insulator being no exception. 

As causes of losses have become evident, means have been 
found to eliminate the serious effects of same. Тһе recognition 
of the increased value of reliability together with the study of 
operating conditions has materially changed the insulator situa- 
tion, so that the material going to the scrap pile today is more 
suitable for line work than the best product a few years ago. 
Theloss from porosity has been reduced to a negligible quantity 
by improved firing methods and a closer selection. 

To prevent the serious cracking loss noticeable on old insu- 
lators, has been the most difficult problem. To prevent trouble 
on old lines, it may be necessary to give the insulators a tempera- 
ture, as well as an electrical test. 

Trouble from this source on modern insulators is prevented 
by careful attention to the temperature gradient, increased 
mechanical strength to resist internal stresses, and a lowering of 
the internal stresses by means of an elastic joint. 

The performance of the modern insulator is very gratifying, 
and its performance must not be judged by insulators which are 
really obsolete. 


HERE IS often an impression that it is possible to eliminate 

. all insulator troubles by the use of some new design, test 

or manufacturing method. In order to eliminate trouble, how- 
ever, it is absolutely necessary that all depreciation be elimi- 
nated. Тһе very nature of the dielectric, the large number, 
necessitating low cost, and the many hazards to which the іпѕи- 
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lators are subjected in operation gives us no right to expect that 
we can hope to equip a line with insulators which have absolutely 
no depreciation. | 

Although the depreciation for some one particular cause may 
be made negligible in the insulator, it is highly important that 
this desirable result is not obtained at the expense of a greater 
hazard in some other direction. Тһе best line practise will be 
that which reduces the principal hazards as far as possible, but 
takes into account the hazards produced by depreciation, so 
that a system may be planned and operated accordingly. 

From the operating standpoint the insulator problem is one 
of maintenance, for the state of the art is such that the hazards 
can be reduced to a negligible quantity where the fundamental 
factors governing reliability are given due consideration and the 
line is maintained in a good state of repair. 

The length of time required to show up the effects of deprecia- 
tion and the rapid development of the art together with the low 
cost of the insulator is largely responsible for the greatest losses. 

Material improvements have been made in the design and 
manufacture so that the performance of the modern insulator 
cannot be judged by the performance of insulators made 
even a few years ago. 

The production of a satisfactory insulator is no small problem, 
if the cost is to be comparatively low. Designing necessitates 
a very thorough knowledge of manufacturing conditions or their 
possibilities, for it must be remembered that an insulator part 
usually goes through from 20 to 30 operations and passes through 
the hands of over 20 operators. 'To produce the best results, 
it has been necessary to eliminate heavy labor wherever possible, 
so improved machinery has been adopted and the modern 
insulator plant has departed very much in appearance from 
the pottery and the methods which 1t followed only a few years 
ago. 

Fig. 1 shows one of the mold conveyors where the ware 15 
cured before taking it out of the molds. Equipment of this kind 
saves much of the heavy labor, permits of easy inspection and 
tends to produce uniformity in the insulator and at the same 
time results in a considerable saving both as to labor and losses 
in manufacture. 

Similar work has been carried out wherever possible in the 
manufacture, Fig. 2 showing the ware as it is ready for drying. 
With equipment of this kind, five or six hundred insulators are 
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subjected to practically uniform drying conditions on all sides 
and at the same time cracking and the handling cost is cut to a 
small fraction of what 1t was formerly. 

The inspection of ware 15 very rigid at all stages 1n the manu- 
facture and a large portioh of the ware rejected today is as good, 
if not better, than the first quality material of several years ago. 

It was only a few years ago, that it was difficult to obtain a 
test of 40 or 50 kv. on a single part without having losses of 
from two to forty per cent. Тһе state of the art is such at this 
time that it is possible to test single parts at much higher volt- 
ages than large four-part insulators of a few years ago. 

Fig. 3 shows some large insulator parts on test under test 
conditions equivalent to 140 kv. Тһе average loss even under 
severe conditions of this kind is seldom over one per cent. This 
has only been possible by careful systematic work. Many of 
the older lines are equipped with three- or four-part insulators 
which would have had an assembly loss of 40 or.50 per cent, if 
they had been given the above test which can be easily carried 
by a single part today. 

In Fig. 4 is shown one of the assembly cars used for suspension 
insulators. А car of this kind handles 700 insulators and per- 
mits of their being cured under the best possible conditions and 
with a minimum amount of handling. The increased cost, owing 
to a very much higher standard, has necessitated improved 
handling methods at every point in order to keep down the cost. 
which would otherwise be considered prohibitive. 

Much has been written about the principal electrical charac- 
teristics of the insulator, so the discussion of design and manu- 
facture will be largely confined to the two most important 
elements producing depreciation, cracking and absorption. 


CRACKING 


The cracking of insulators is by far the most serious cause of 
depreciation on most lines, and has been an important factor in 
the design of pin-type insulators for some years. In order that 
the method adopted to reduce this loss may be better under- 
stood, it is necessary to consider conditions as found on the line. 

For the past seven or eight years, much cracking has been 
noticeable on pin-type insulators, some lines being entirely 
reinsulated while on others, it was necessary to locate the faulty 
material by visual inspection or by ringing out with a stick. 
To avoid this loss, pin-type insulators were replaced by sus- 
pension type in at least one instance. 
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The more recent cracking of suspension insulators has attract- 
ed far more attention than a similar loss in the pin type. "This is 
largely due to the fact that they could be easily located on the 
line and to the higher standard of operation on most of the lines 
where they were used. | 

А curve which is characteristic of the depreciation for many 
insulators is shown by A Fig. 5. It will be noted that this curve 
rises rather rapidly for a short time due to absorption and then 
rises very slowly for five or six years operation when it jumps 
very rapidly due to cracking. 

In order to see the effects of this depreciation, 1% 15 necessary 
to study the effect upon operation. 

Curve B shows the opera- 
ting hazard or probable inter- 
ruptions for the depreciation 
shown in curve А. It is 
assumed that a four-part in- 
sulator will fail when three 
parts become bad. Curve B, 
rises very rapidly after six 
or seven years as the hazard 
increases іп direct proportion 
as the cube of the deprecia- 
tion. This curve shows why 
cracking is often very serious 
before its effect is noticeable 
on the operation. 

Curve C shows the opera- 
ting hazard where all defective 
material is removed every four years. While the removal of 
faulty material greatly reduces the hazard, it 1s seen that the 
cracking during the tenth year would cause 14 probable break- 
downs in a lot of 10,000, although there might have been only 
one or two the year before. 

The insulators which crack are apparently affected in no way 
up to the instant of cracking, hence, it is impossible to anticipate 
their failure by any practical electrical test. Porous material on 
the other hand, can be detected and removed before it becomes 
valueless. 

Owing to the small margin of safety and the nature of dielec- 
trics used for insulators, it is not reasonable to assume that 
depreciation can be entirely eliminated. А low depreciation is 
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well worth while, however, аз it permits the use of insulators 
of fewer parts with their smaller maintenance. 

Examination of many insulators which have cracked on the 
line indicates the following: 

1. That the largest and apparently the strongest insulators 
crack soonest. 

2. 'That the size, shape and number of the cemented joue 
effect the cracking. 

Old insulators when heated up slowly will often crack before 
they reach 150 deg. fahr. Тһе parts which fail are the tops or 
shells outside of large cement spaces. 

When old insulators are heated up and then have their tops 
sprayed with water similar to a thunder storm, a very much 
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larger per cent of cracking takes place. This, however, is usually 
confined to the head of the insulator. 

Insulators like that shown in A, Fig. 6 may have a very high 
loss on a single heating and cooling cycle. Designs similar to B, 
however, stand very much more severe treatment without loss. 

There is a very noticeable cracking on the heads of insulators 
similar to A after five or six years, weathering. If insulators are 
subject to the elements, it appears to make no difference whether 
they are in service or not. 

When old insulators which are heated and sprayed with water, 
crack, the failure is announced by a sharp report, indicating a 
force of considerable magnitude. Insulators which have stood 
a heating and cooling cycle of higher range are little effected by a 
number of cycles of lower range. 

These together with the absence of any electrical indication 
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of weakness go to show that the cracking is due to a high stress 
rather than fatigue. 

It has been pointed out that the stress may increase due to a 
slight expansion of the cement with time. This stress in itself 
may not be serious, but combined with others may cause failure. 
The cement adheres more firmly to the porcelain with time so 
that any adjustment by slipping may becomé less. It is also 
possible that the modulus of elasticity of the cement may in- 
crease with time. The accumulation of dirt may cause a greater 
leakage of current, heating up the inner parts, or the insulators 
may get hotter in the sun. Тһе poorer heat conductivity of the 
cement is still another factor. | 

While it 1s true that porcelain or glass will fail at a lower ulti- 


mate if the stress is applied for 

along time the stress required [= | A 

to cause failure is very high. SN Lt 

NNNM 
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Under operating conditions an 
insulator may reach 150 or 160 
deg. fahr. in the sun. Under 
these conditions insulator А, 
Fig. 6 will have a temperature 
gradient along the line O—t like 
that shown in A Fig. 7. Ifrain 
falls on the upper surface, the 
temperature may be represented © 
by A' after a few minutes. Under 
similar conditions, the tempera- 0 НТК eT E 
ture gradient for insulator B is Fic. 7 
shown by B and B’. 

It will be noted that the inner parts of the older type of insu- 
lator get very much hotter than those in B. It is further notice- 
able that the radiation of heat from the inner parts is less in A than 
in B, so that when the heads of the insulators are cooled to the 
same temperature, the temperature gradient will be much steeper 
in А than in B, so that the stress set up between the porcelain 
parts regardless of the cement will be very much higher in the 
older type insulator. 

The cement has a higher linear coefficient of expansion than 
the porcelain and will produce a very high stress if of large cross 
section. The practise then of reducing the size and area of the 
cement joint may reduce the stress set up by the cement to 
easily less than half that for the older insulators. 


TEMPERATURE IN DEG. F. 
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The advantage in fewer cement joints and small heads on the 
insulators has been carried out extensively in the modern two- 
piece insulators for voltages up to 50 kv. 

Much effort has been expended to incorporate the following 
in the modern pin-type insulator: 

1. A few strong parts. 1 

2. Small heads with corresponding cement sections and areas. 

3. Minimum amount of nesting permissible with mechanical 
reliability. 

4. Elasticity in the joint. ; 

A few strong parts keep down the renewals when the line is 
cleared up for the loss will increase nearly as the product of the 
per cent loss on a part and the number of parts. This is import- 
ant and will show up sooner or later on the line. 
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The axial pressure tending to force the top out of the head in 
A is entirely eliminated in B by coating the ends of the shells 
by a, wax w, or the use of a cushion. | : 

The grip surfaces 5 are sanded and as the grip is of very high 
efficiency, a minimum surface may be used for mechanical 
reliability. Since this surface grips in all directions equally well, 
there is a tendency for the insulator to hold together even when 
badly damaged mechanically. This is particularly important 
for an insulator where the parts are not deeply nested. 


ELASTICITY OF THE CEMENT JOINT 
In Fig. 8 are shown several types of joints which are of particu- 


lar interest in considering cracking. In A is shown the ordinary 
cement joint with scored surfaces held together by cement C. 
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In B and C is shown an elastic or yielding insert r placed in the 
joint. In B the possible movement would be greatest across the 
joint and in C lengthwise of the joint. This then is one method 
for regulating relative movement in the joint either axially or 
radially. 

Although a joint а as shown in B or C will relieve any internal 
stress, it is not good for handling heavy loads and the danger of 
the insulator falling apart and dropping the line is increased so 
it is not used except in special cases. 

The insulator joint will be satisfactory in so far as it fulfills 
the following: 

1. Minimum area for a given grip. 

2. Absence of slipping. 

3. Elastic yield or ability to distnbute a heavy load. 

The coated.sanded surface fulfills all these requirements to a 
marked degree, as will be seen by a consideration of D, E and F. 

By reference to D, it is seen that any force between H and Н” 
must be exerted through the small struts V. If the force 1s one 
of compression, the stress in the main members H and Н’ will be 
very small compared to that in the struts V, being in inverse 
proportion to their cross sectional areas. If there were a number 
of these struts, their area could be so proportioned that they 
would compress or crush and limit the stress at any point in H 
or H’. This method of connecting the different members would 
prevent looseness of the parts and would give a good stress dis- 
tribution in practically any direction for the strain would occur 
in the small struts V. 

In E is shown a practical method of accomplishing the stress 
distributing feature of D. The main insulating members Н and 
Н” are provided with ridges or projections ¢. If the joint is 
entirely filled with cement, conditions will be no better than in A 
so the surfaces are coated with paraffine or other material W 
which accumulates in the bottom of the grooves leaving the 
points only very thinly covered. Тһе bearing of the cement is 
then confined to the tops of the projecting ridges or points which 
act in the same way as the struts in D. Under these conditions, 
it is seen that the stress per unit area at the points / and the 
adjacent cement will be many times that in H or Н’ so that the 
joint will give and relieve the main parts from heavy strain, 
produced by unequal expansion between the parts or cement. 

A low coefficient of elasticity can be obtained in E by control- 
ling the size and depth of the ridges or points and the coating 
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used to regulate the effective area of contact between them and 
the cement. 

While Е fulfills the general requirements, the grooves tend to 
concentrate the stress and the failure of a point may start a 
crack in the body of the piece. It also has the further objection 
in having a small give in the direction of the joint. 

The sanded surface F provides the projections similar to Е, 
but the space filled by the wax is much greater. This joint not 
only limits the stress much better in all directions but 15 easily 
made and is free from the objectionable feature of scoring. 

Ordinary surfaces cannot be covered with wax or paint to 
relieve the stress unless the load is very light, as the bearing 
may be concentrated in one or two points, causing a low ultimate 
or cracking. 


Fic. 9 


By proper control of the sanding, it is possible to eliminate 
hard spots or undue concentration of stress in many insulators, 
giving a higher ultimate in the suspension insulators without 
the danger of cracking. 


CRACKING OF SUSPENSION ÍNSULATORS 


The cracking of insulators was covered to a large extent in a 
paper on Insulator Depreciation, December 1914. "This dis- 
cussion outlined very briefly, the causes of cracking and methods 
of reducing same. In order to insure the mechanical reliability 
of the insulator, it is advisable that the cap bear on the flange 
to prevent the escape of cement while setting. This contact 
area is shown at К ш Fig. 9. Cutting the cap with a slot just 
above this point or the putting in of new cement at K showed 
that the insulator could be heated much higher without starting 


522 AUSTIN: HIGH-TENSION INSULATORS [June 27 


a crack at m. This proved that the stress was due to the elonga- 
tion of the сар and expansion of the cement. 

A higher assembly temperature would tend to eliminate 
cracks o, but would do little good at m, if the cement at Ё ex- 
panded, so the first improvement was to reduce the bearing area 
at К using а cap like that shown in insulator B. Insulators 
cemented in this way. stood many cycles between freezing and 
boiling without showing damage. In practise, however, it was 
found that cement which filled in below the cap would not 
loosen and drop out; furthermore, the cap came in contact 
not on a 45-degree line as intended, but out on the flange in some 
cases. 

To insure positive relief at point K, rubber gaskets were 
first used at the lower edge of the caps, or they were dipped or 
painted with wax or asphaltum but various types of paper felt 
gaskets were finally used. Some of these gaskets were left 
in and some removed, the present practise being to remove the 
gasket. 

The present practise is shown in B, Fig. 9. The head of the 
insulator is covered with a wax or paraffine w, a disk C is used 
at the end of the pin and a gasket at G, the latter being removed 
after the cement has hardened. 

.All grip surfaces are sanded and a moderate assembly tem- 
perature used so that dangerous shearing stresses will not be set 
up in cold weather. With machined or highly refined caps, it 
is possible to go to very high assembly temperatures. Without 
these refinements, however, a high assembly temperature is not 
advisable. 

The use of the elastic sanded surface for limiting the stress 
together with the assembly shown in B, so materially improves 
conditions that the danger of cracking is certainly very much 
reduced or practically eliminated at least for a very much longer 
period. 

The higher the mechanical ultimate in the insulator, the more 
difficult it becomes to design or manufacture so as to keep down 
the internal stress. 

Although the sanded surface permits of the design of very 
much higher ultimates in the cemented type of strain insulators, 
it is probably best practise for very heavy loads to use insu- 
lators which place all the stress on a wood or fiber core similar 
to those shown in Fig. 10. Insulators of this type are in oper- 
ation on the highest voltages and on loads up to 35,000 pounds 
N 
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and can be designed for practically any mechanical ultimate 
without making the conditions any more severe as to the 
dielectric. 


While a close selection is made as to vitrification, it might be 
well to note that the heating of the insulator will melt the paraf- 
fine or wax on the head of the insulator which will impregnate 
the cement and porcelain, should it be porous. 

Further refinements will. be made from time to time, but it 
would seem that the present standard is such that they will have 
to be made without materially increasing the cost. 

The coated sanded surface still offers refinements at minimum 
cost and it would seem that improvements in the near future 
will be along this line, particularly if it seems necessary to provide 
. elasticity in the pin for better stress distribution. 


ABSORPTION 


The loss by absorption or porosity may vary widely on differ- 
ent systems and for insulators manufactured at different times. 
oince most of the porous material can be detected by the 
trained eye, the question naturally arises as to the conditions 
which permitted its installation. It is even more important 
to know how this can be guarded against in the future. 

The routine tests made on insulators up until 1903 were made- 
with dry electrodes and were often made on the nested parts 
at very low voltages as compared to present practise. Under 
these conditions very porous material would pass tests success- 
fully and it 1$ certain that some lots of insulators included fifty 
per cent of material which would be classed as porous with pres- 
ent standards. 

Although tests were made from 1903 on, with water inside 
and outside the insulator parts, most of the insulator parts were 
tested inside of two minutes after applying the water and then 
packed and shipped to be assembled in the field later and іп- 
stalled without further test. Under these conditions some of 
the poorest material was eliminated but large percentages of 
insulator parts were frequently installed which furnished but 
little insulation by the time they were in place. 

Much material was installed as late as 1905 which showed a 
fifty per cent loss on second test after soaking 24 hours. Most 
of this material was used on wood construction and on the 
Pacific coast where conditions were favorable; otherwise, very 
serious trouble would have resulted. 
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By the end of 1906 tests had not only been raised, but insula- 
tors were assembled in the factory and were beginning to be 
given a final test. This did much in some instances to eliminate 
porous material, but as assembled tests were seldom over 70 
per cent of the flashover of the insulator, many pieces of porous 
material could pass the assembled test which would have been 
detected on a higher test voltage. | 

Many different designs were made in the next few years and 
in some instances desirable forming properties were developed 
in the clay to facilitate manufacture. These desirable properties 
were developed at the expense of vitrification with the result 
that some large lines were equipped with material which, al- 
though standing a high unassembled part test, was very weak 
dielectrically after installation on the line. 

While there was a general improvement in the vitrification 
up to 1910, operating conditions were becoming more severe, 
which had the tendency to offset this improvement. 

Thicker material was used on parts to give greater dielectric 
strength, and as it takes a considerably longer time for absorp- 
tion to take place with increasing thickness, the greater weeding 
_ out of the higher test voltages was largely offset. 

‚ Much of the ware put out in 1909 and 1910 showed a loss of 
less than two per cent by absorption when examined several 
years later, although material was considered as vitrified over 
approximately a four-cone range, 80 deg. cent. 

To obtain properly vitrified material which will not fail Б. 
absorption it is necessary, 

1. That the body composition be such that it will vitrify to 
the extent that the pores will be sealed against absorption. 

2. That all material be fired to the proper temperature and 
time for the body composition used. 

To obtain the first condition many checks are necessary in 
order that uniformity be maintained. Тһе general composition 
may be entirely satisfactory and spoiled in the manipulation due 
to a streak of off mixture from settling. This streak or a path left 
by the burning out of lint may absorb water and render the 
insulator worthless later. Material improvements have been 
made in the compounding and working of the clay in the last 
few years, so that some of the worst hazards cause but little | 
concern at the present time. Better equipment had to be de- 
signed and placed in operation to eliminate the most serious 
cases of trouble , while additional checks were used to cut down 
others. | 
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Uniform viscosity in the slip and time of pumping the filter 
presses were prime factors in eliminating streaks of off mixture. 


FIRING OR BURNING OF THE WARE 

The important factors in obtaining satisfactorily vitrified 
ware are: | | 

а. А means of determining the firing history of each individ- 
ual piece. | 

Where a glaze is used for the insulator which has a wide range 
of color for a slight difference in temperature, the selection as to 
temperature or firing history is fairly easy for the trained eye. 
Glazes such as slate, white, yellow, caramel or Albany slip glazes 
where the calcium content is too high, change little over a wide 
firing range and make selection as to firing difficult or practically 
impossible. 

b. A body composition that is satisfactorily vitrified.over as 
wide a temperature range as possible. 

In guarding against porous material, the use of a body com- 
position of such range of vitrification that proper selection can 
be safely and economically made inside this range is an important 
factor. I 

c. Close control of the firing of the ware. 

Some body compositions have such a very short range of 
vitrification that a selection extending not over a range of two 
cones may include both over and under fired material. 

Only a few years ago, the use of a glaze which had too uniform 
color over a wide temperature range together with a body com- 
position of short range of vitrification, while apparently very 
satisfactory at the time was largely responsible for a consider- 
able number of insulators becoming bad through absorption. 

It is always possible to obtain good ware by selection where 
factors а and 5 are favorable although factor c 15 anything but 
good. Unless the firing control is good, it is not possible to make 
a close selection of ware without a heavy rejection which would 
materially affect the cost. 

Much work was required to improve firing conditions so that 
the selection could be reduced from a four-cone range, 80 deg. 
cent., to practically a two-cone range, 40 deg. cent. Kilns had 
to be reconstructed so as to have less difference between the 
hottest and coolest places, and a method of feeding the fuel used 
which was largely independent of the personal element. 

Recording mercury thermometers were used to indicate tem- 
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peratures up to 1000 deg. fahr. These thermometers do not 
control the firing, but serve as a check of the method and give 
data for correction of same. 

Reference to the chart in Fig. 11 shows that the rise in tem- 
perature is under perfect control, which is very desirable so as 
to eliminate firing checks in heavy ware. In addition to the use 
of mercury recording thermometers up to 800 or 1000 deg. 
fahr., a recording electric pyrometer is used to indicate the rate 
of temperature change in firing and cooling. 

For indicating the finishing temperature, pyrometric cones 
are used and also disks or rings whose shrinkage can be accurately 
measured. | 

Fig. 12 shows a set of records апа trials now used for a single 
firing. Until two years ago, the Seger cones and the experience 
of the kiln burner were the only guides in firing. Highly skilled 
firemen, even where gas was used for fuel were unable to pro- 
duce a satisfactory result for the narrower limits until a system 
was adopted that was largely independent of the personal factor. 
Consequently the control was not nearly as good as at present. 

The fact that much ware put out some years ago selected over 
twice the firing range of that at present had an exceedingly small 
percentage of porous material, would indicate that there is little 
cause for concern with present material, if factors a and b are 
at all favorable and a careful selection made. 

The present practise of using much thicker porcelain tends to 
minimize the danger due to absorption, for it is possible that a 
drying out action may start before moisture has extended entirely 
through the part. The time of complete penetration is controlled 
by many factors, but may be regarded as increasing as some 
power of the relative thickness when comparing two pieces of the 
same vitrification. 

Unless conditions are favorable, it is seen that resistance tests 
which require that moisture extend entirely through the piece 
to detect porosity may require entirely too much time unless 
made on thin pieces. Before tests could be made on thick 
pieces, they would be on the line. 

It is the general factory practise to depend largely upon dielec- 
tric tests made before and after soaking or assembly. These 
tests indicate the point where even slight absorption takes place 
and the selection for vitrification is such as to keep away from 
the danger point. 
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TESTS 


While a thorough discussion of tests is beyond the scope of 
this paper, those in general use deserve some attention. 

With the thickness of material used in the present insulator, ' 
tests just below flashover are hardly severe enough. If, how- 
ever, the regulation of the circuit is poor and the voltage is raised 
so that a violent flashover is produced, a very effective weeding 
out of poor material is obtained. | 

The test in Fig. 3 is of this nature, and is undoubtedly the 
best all around test method in use. А few insulators or a great 
many can be tested with certainty, which is no small advantage 
where thousands of insulators have to be tested daily. 

A brief analysis of conditions 
in Fig. 13 will show why this 
test is so efficient in detecting 
material which is porous. 

In A, the section of an insula- 
tor is shown which has absorbed 
moisture so that there are two 
wet zones 1 and 3 adjacent to 
the cement surfaces with a dry 
zone 2 between. 

The porous zones may be re- 
garded as condensers and resist- 
ances in multiple, which are in 
series with a condenser repre- 
sented by the dry zone. The 
arrangement is shown diagramatically in В. 

The impressed voltage under different conditions 1s shown in C. 

{15 the voltage on the series of zones at 60 cycles, the maximum 
voltage being just under flashover. 

If the voltage 1$ raised until the insulator flashes the effective 
voltage on the series will be represented by із. 

The resistances 7; and ғ; may be very high so that the porous 
zones will carry an appreciable portion of the total voltage on 
the piece. Owing to the phase displacement of the voltage over 
the different zones, the dry zone will be subjected to a large 
percentage of the total voltage. 

It is evident that where t, represents the impressed voltage, 
conditions will be much more severe on the dry zone for the 
leakage over the resistance will be greater. That this is neces- 
sarily true is seen, for if the frequency was zero, zones 1 and 3 
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would, of course, carry no voltage, the entire voltage being con- 
centrated on zone 2. 

This shows that the lower the frequency or the flatter the 
wave, the greater the stress on the dry zone. Іп р the rise in 
voltage 1s more rapid than in /, which tends to place a higher 
stress on zones 1 and 3 than шу, but owing to the greater length 
of time the maximum voltage 1$ applied the dry zone will also 
receive more stress than in А. 

It is evident that increasing the frequency to 200,000 cycles 
will give little time for the leakage of charging current through 
rı and 72,.50 that a porous piece will act as though it were а 
perfectly good piece and the chance of elimination on test by 
failure of the dry zone is very much less. 

In В the insulator flashes and is subject to several surges dur- 
ing each alternation. This affects the concentration of stress on 
the dry zone С, but little, while subjecting the wet zones C; and 
C; to their proportion of the voltage, which they would carry if 
they were dry. 

From this, it follows that a test made at normal frequency so 
that the insulator flashes heavily without picking up a power 
arc tends to place maximum stress on all zones. 

The fact that the conditions of normal frequency as well as 
high frequency are present at the same time undoubtedly ac- 
counts for the effectiveness of this method of test in eliminating 
material which tends to become faulty under line conditions. 


CONCLUSIONS 


It is hoped that the above brief outline of insulator practise 
will indicate the possible differences between an old and a modern 
insulator, for it would appear that much concern is felt over 
what are chiefly the defects of old insulators. | 

The insulator is subject to many hazards and as the design is 
a compromise at best, 1t is not surprising that certain properties 
should be developed at the expense of others. It is gratifying, 
however, to note that the chief troubles have been along lines 
not looked for. | 

The rapid development of the art has rendered much trans- 
mission apparatus obsolete, and the insulator is by no means ап 
exception. When in addition to this, we take into consideration 
that little 15 generally known even at the present time as to the 
conditions under which the insulator has to operate and the 
necessary properties in same to withstand these conditions, it 
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is surprising that the insulator has reached its present state of 
perfection. | 

It has been a number of years since the operating voltage has 
been limited by the insulator, and the performance of many 
lines put in during recent years shows that the modern insulator 
has more than justified expectations even in the face of higher 
standards of operation and increasing severity of line conditions 
due to the growth of the system or mechanics of the line. 

Тһе fact that the design 15 a compromise calls for the most 
careful thought in the design and manufacture, and the success- 
ful line will be constructed with insulators which have been im- 
proved along lines which are shown to be necessary by time and 
experience rather than along radical lines that may incorporate 
elements which will cause serious trouble in unlooked for quarters 
after a few years operation. 

It is much easier to locate the cause of trouble than it is to 
effect a cure, for the insulator works on exceedingly narrow 
margins, and it is difficult to find a means of strengthening the 
insulator for one set of conditions without materially affecting | 
another. | 

It is well to note that the above paper deals chiefly with the 
means which have been employed to eliminate some of the worst 
defects without sacrificing the properties in other respects proven 
to be good. 

The abnormally low depreciation and successful performance 
of well insulated lines under the severest conditions show that 
the modern insulator is very successful compared to the earlier 
product, and if properly made, the standard is such that further 
improvements are not warranted if they greatly increase the 
cost. 

For old lines, it 1s well to consider the increasing hazard with 
time, due to an increasing rate of depreciation. То maintain a 
given standard of performance, it is then necessary to either 
split up the system into smaller sections as the line becomes 
older or to go over the line at decreasing intervals of time to 
remove the faulty material. It 15 possible that considerable 
benefit can be obtained on some systems by putting the old іп- 
sulators through a temperature cycle, as well as the usual tests, 
to eliminate faulty material. 

The fact that some of the weakest points in the insulators were 
greatly improved by design or manufacture without materially 
affecting the cost, did much to insure progress for a considerable 
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period when troubles were only occasionally noticeable. The 
present situation shows that these improvements give every 
promise of being not only very valuable, but necessary for a 
long life and are worth many times the effort required to pro- 
duce same. 


To be presented at the 34th Annual Convention of 
the American Institute of Electrical Engineers, 
Hot Springs, Va., June 28, 1917. 
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ECONOMICAL COMBINATION OF WATER POWER AND 
STEAM PLANTS AND A CONVENIENT METHOD 
OF SOLUTION 


BY H. ST. CLAIR PUTNAM 


ABSTRACT OF PAPER 


A determination of the respective economic limits in steam 
and water power plant developments., Formulas are derived for 
determining total annual costs of each type of plant and the 
most economical combination. Certain general conclusions are 
reached as follows: Practically all water power plants should 
be developed beyond minimum power available and hence 
in combination with a steam plant. Тһе economic limit 
depends largely on the value of money, fuel, labor, the 
increasing efficiency of steam turbines and the location of the 
enterprise. | 


М THE development of an industry it is important to care- 
fully consider possible improvements that may be made in 
methods and efficiency. Of equal importance is the prompt 
recognition of changes in conditions which affect the industry. 
During recent years these factors have.been especially important 
іп the development of power station practise. Тһе perfecting 
of the steam turbine, the great increase in the practicable capacity 
of generating units, the larger boilers used, the use of higher 
steam pressures and higher superheat, and improvements in au- 
tomatic stokers, have added thirty or forty per cent to the 
overall station efficiency within the past ten or fifteen years. 
Progress also has been made in the design of water turbines. 
The efficiency of water turbines has been increased from near 
80 per cent to over 90 per cent of the potential water power 
avallable, and the size of the generating unit has been mater- 
ially increased. 

The improvement in power station efficiency, both in steam 
and hydraulic practise, has been great, but of greater import- 
ance is the change introduced by the change in conditions. 
Foremost among these changes in conditions is the fact that the 
modern power plant, whether water power or steam, is a highly ef- 
ficient manufacturing plant producing electric power for sale in 
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large blocks as well as for retail. The recognition of this function of 
the modern power plant to supply large blocks of power for indus- 
trial use has resulted in the development of large highly efficient 
power stations manufacturing electric power as a business. Тһе 
industrial use of electric power has greatly increased in recent 
years, but there are large amounts of such industrial power 
still independently produced, and much of this can be more 
economically supplied from central power stations. 

Probably the greatest change in conditions, however, has been 
introduced by the development and perfection of long distance 
high-voltage transmission lines. Transmission lines are now 
built of steel with factors of safety equivalent to those used in 
the construction of bridges and office buildings. This renders 
them practically immune from mechanical failure. Improved 
methods of insulation, the increase in voltage, and the develop- 
ment of methods of protection against short circuit and lightning 
have reduced electrical failures to mere surges, in most cases, so 
that records show that the interruptions to service resulting 
from the failure of high-voltage transmission lines are not in 
excess of those which occur in the ordinary operation of the 
modern power station. Тһе comparatively unreasonable fear of 
the reliability of transmitted power is diminishing, and it may be 
expected to disappear when transmission lines are constructed 
with adequate factors of safety and when they are properly 
protected against electrical disturbances, by devices which have 
been already tried out and proved effective. 

The practical development of the transmission line has opened 
wide fields for the economic development of power. Within 
reasonable limits, power stations can be constructed where power 
can be most economically produced. Тһе successful trans- 
mission of power over distances of from one hundred to two 
hundred miles has given great impetus to the development of 
water powers on a large scale, and only recently, in this country, 
it has been applied not less effectively to the transmission of 
power from steam plants located at the coal mines, where cheap 
or waste coal сап” be obtained and utilized. Тһе public has 
become accustomed to the transmission of electrical energy from 
water powers for long distances, but as vet the possibilities 
resulting from the transmission of energy from steam power 
produced directly in the coal fields have not been realized, and 
the advantages resulting from the combination of such cheap 
steam power with existing and undeveloped water powers are 
not fully-appreciated. 
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The development of large steam and water power plants, and 
the improvements made in the transmission of power, have 
raised new problems as to the most economical method of 
operation and combination of the several power plants. It is 
no longer good engineering to regard a power project as self- 
contained, to be concerned only with its immediate power 
market, but it must be considered and studied in connection 
with other power plants, and its design and development should 
be planned to meet possible future connections with such plants. 

This general subject was discussed by the writer in a paper 
on the “Conservation of Power Resources,’’* presented at the 
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first national conference called by President Roosevelt, in 1908, 
on the Conservation of Natural Resources. In this paper the 
economic development and combined operation of large water 
power and steam plants were strongly urged. It is the purpose 
of these notes to describe a relatively simple method of solving 
the different problems that arise in combining different power 
plants with different costs and different operating characteristics, - 
and especially the use of the method proposed to determine the 
” *4Conservation of Power Resources," by Н. St. Clair Putnam. Pre- 
sented at the Conference on the Conservation of Natural Resources, 


White House, Washington, D. C., May 13-15, 1908; reprinted in TRANs- 
ACTIONS А. I. E. E., Vol. XXVII, p. 1398. 
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feasibility of water power developments, and the magnitude to 
which such developments should be carried. 

Primarily, the proposed method of solution is based upon 
careful estimates of the cost of construction of such power plants 
as may be required initially, and а second estimate of the same 
plants extended to greater capacity, preferably to not less than 
double the size of the initial plant. Careful estimates are then 
made of the annual capital costs of each and the operating costs 
at two or more load factors. Тһе method is equally applicable 
to water power plants and to steam plants, and naturally can 
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be extended to transmission lines and substations and also to 
existing. power plants and systems. As illustrating the general 
method of solution proposed, some estimates of cost which were 
prepared for a rather special case where special conditions ex- 
isted are given. The purpose of these estimates was to deter- 
mine the feasibility of a low-head water power development 
represented by the data plotted in Fig. 1, and also the economic 
capacity for which it should be designed. For the purpose of 
determining possible economic combinations, the results of the 
water power development were combined with the results which 
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could be obtained from a well located steam plant of modern 
design. These estimates are used only to illustrate the method 
employed, and while they are approximately correct, their ac- 
curacy is not essential to the purpose of this paper. 


ESTIMATED COSTS 
WATER PowER PLANT 


Installed Capacity.... 100,000 kw. 200,000 kw. 
Dams, dykes, locks, 
tail race and power 
plant, complete, 
including over- 


head costs....... $12,200,000 $19,266,000 
Annual Cost: 25% L.F. 75% L.F. 95% L.F. 75% L.F. 
Interest, deprecia- 
tion and taxes $522,350 $522,350 $872,500 $872,500 
Operation and 


maintenance..... 96,080 157,180 161,890 284,090 


$618,430 ` $679,530 $1,034,390 $1,156,590 


р 


Formula—First cost: $5,134,000 + $70.66 рег kw. 


Capital cost.,.$172,250 - 3.5010 per kw. 
*Operating cost 30,270 + 0.3526 рег kw. + 0.0001395 per kw-hr. 


Total annual cost $202,520 + 3.8536 per kw. + 0.0001395 per kw-hr. 


«Тһе formula for operating cost is derived from the estimates of operation and main- 
tenance, as follows: 


100,000 Kilowatt Plant. 


Operating cost ................ 75% L.F. $157,180 
“ о РЭЛЭЭРҮЭЛЖ 25% L.F. 96,080 
Increment «укуй Ике on Pa 50% L.F. $61,100 = 0.611 per kw. 
Increment cost 25% L.F. = $0.3055 per kw. = $0.0001395 per kw.-hr. 
Operating cost, 25% L.F. (аһохе)...................... $96,080 
100,000 kw. @ 20.3055................................ 30,550 
Plant constant, 100,000 Км.......................... $65,530 
200,000 Kilowatt Plant. | 
Operating cost 25% 1..Ё............................... $161,890 
200,000 kw. @ $0.3055 (аһохе)........................ 61,100 
Plant constant, 200,000 Ку................... НИТЕ $100,790 
Plant constant, 100,000 kw. (аһохе).................... 65,530 
Increment..100,000 Км............................ $35,200 
Increment cost $0.3526 per kw. 
Constant. 
Plant constant 100,000 kw. (аһохе)..................... $65,530 
100,000 kw. @ %0.3526................................ 35,260 
Constant. ci dm wes eue ks ue pP MEE S $30,270 


Formula—$30,270 +- $0.3526 kw. + $0.0001395 kw-hr. 


The same general method is employed to derive the other interpolation formula, used 
in this paper, from the estimated costs. 3 
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The corresponding costs for а steam plant constructed in 
accordance with the best modern practise and located immedi- 
ately at the coal mines where suitable coal can be obtained at an 
average price of $1.00 per ton, are as follows: 


STEAM PowER PLANT 
Installed Capacity 90,000 kw. 210,000 kw. 


Ground, building equip- 
ment, coal tracks, and 
storage and condens- 
ing water facilities.. .. $5,062,350 $10,643,230 


Annual Cost: 25% L.F. 75% L,F. 895% І.Е. 75% L.F, 
Interest (3%), de- 
preciation and 


taxes.... ....... $265,430 $265,430 $566,640 $566,640 
Operation and main- 
tenance.......... 385,293 768,850 827,058 1,722,023 


Total annual cost $650,723 $1,034,280 $1,393,698 $2,288,663 


First cost—formula: $876,720 + $46.507 per kw. 


Capital cost..... $39,530 + $2.5100 per kw. + 
Operating cost... 53,970 + 1.5505 per kw. + 0.000973 kw-hr. 


Total annual cost.. $93,500 + $4.0605 per kw. + 0.000973 kw-hr. 


The estimated annual costs, as given in this estimate, are 
plotted in Fig. 2, which is a graphic representation of the method 
used in obtaining the above interpolation formula. 


TRANSMISSION LINES 


Installed capacity........ ........... 150,000 kw. 300,000 kw. 
Steel tower line and right-of-way........ $1,484,700 $2,839,400 
Annual Cost: 
Interest, depreciation and taxes....... $62,496 $120,492 
Operation and maintenance.......... 21,770 36,040 
Тоғаһ....................... $84,266 $156,532 
Formulas—First cost....... $149,950 + $8.965 per kw. 
Capital cost.............. 4,450 + 0.387 “ ©“ 
Operating cost............ 7,520 + 0.095 5 “ 


Total Annual Cost............ $11,970 + $0.482 “ < 
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SUBSTATION— DISTRIBUTION 
Installed capacity................ 90,000 kw. 240,000 kw. 


Substation building, transformers, 
switching gear, lightning arresters, 


ле ЕРЕ РЕТ > $600,000 $1,500,000 
Capital 05 гах зае $33,000 $82,500 
Operating созо e ened 11,000 22,500 

Total Annual Cost............ $44,000 $105,000 

Formula—First cost.... .... $60,000 4- $ 6.00 per kw. 

Capital сові............... $ 3,300 4- $0.330 per kw. 

Operating cost............. 4,100 + 0.077 per kw. 
Total Annual Cost...... .... $7,400 + $0.407 kw. : 


The above estimates are based upon interest at 3 per cent and 
coal $1.00 per ton. In the table below, transmission losses are 
taken at 6 per cent and the load factor at 100 per cent. Тһе 
market for power is assumed to be at the water power end of the 
line. Тһе resulting costs expressed in terms of power delivered 
to the distribution system, in terms of the derived formulas, are 
as follows: 


RESULTING FORMULAS—100 PER CENT LOAD FACTOR 
6 PER CENT LOSSES ADDED.’ 
Construction Costs. 


A. Water Power Plant............. $5,134,000 + $70.660 per kw. 
(1) Steam plant............... $ 876,720 + 49.297 5 
(2) Transmission line.......... 149,950 + 9.503 Е 
(3) Substation at М.Р. епа. .... 60,000 4- 6.000 © 

B. Total'for Steam Plant........... $1,086,670 -- $64.800 5 

Interest (8%) and Depreciation. 

C. Water Power Plant............. $ 172,250 + $3.501 5 
(1) Basis 8%. interest, etc........ 428,950 + 7.084 $ 
(2) Steam plant............... $ 39,530 + 32.661 ч 
(3) Transmission line.......... 4,450 + 0.410 л 
(4) Substation................. 3,300 + 0.330 5 

D. Total Steam Plant.............. $ 47,280 + 33.401 % 
(1) Basis 9% interest, etc....... $ 112,480 + %7.289 5 
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Operation апа Maintenance. 


E. Water Power Plant............. .$ 30,270 + 31.5746 “ 
(1) Steam plant............... $ 53,970 + 510.6751 “ 

(2) Transmission line.......... 7,520 + 0.1007 “ 

(3) Substation................. 4,100 + 0.0770 “ 

F. Total Steam Plant, $1.00 coal.... $65,590 + $10.8528 “ 
(2) -5 5 * 300 “.... 88,910 4- 20.6308 “ 


THE PROBLEMS TO BE SOLVED 


1. When the Development of a Water Power will Secure 
Better Results than the Construction of a Steam Plani. 
One of the first questions to be determined in the de- 
velopment of a water power is whether or not it will pay, and 
f so, whether it is the cheapest and best method of producing 
the power required. In the case used as an illustration, the 
water power is compared with a steam plant of modern de. 
sign, located at the coal mines, thus reducing the cost of fuel 
to а minimum. Тһе comparison, therefore, is most severe. 
After the above described cost formulas are developed, the 
problem is quickly solved. Оп the basis that the power is to 
be delivered to a local distribution system at approximately 
13,000 volts and 100 per cent load a the formulas derived 
above become as follows: 


Total annual cost, water power, $202,520 + $5.076 рег kw. (C+ Е) 
Total annual cost, steam power, 112,870 + 14.253 per kw. (D+ Р) 


Then the point of equality of cost will be found as follows: 
$202,520 + $5.076 per kw. = $112,870 + $14.253 рег kw. 


89,650 
kw. = 0.177 = 9,769 

That is, if the power required is in excess of 9,769 kw., it is 
better to develop the water power than to build the steam plant. 

2. When її is Better to Construct the Water Power Than to 
Extend an Existing Steam Plant. If the steam plant is al- 
ready built, and additional power is required, then the 
question arises whether it is better to extend the steam plant or 
to construct the water power. 

This question is answered as follows: 


$202,520 + $5.076 per kw. =$14.253 рег kw. (C+ E-— inc.D + F) 


202,520 
Йй ee 259 068 
Ы 9177 
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That is, if the increased power desired is in excess of 22,068 
kw., it is better to construct the water power plant than to 
extend the steam plant. As stations of large capacity are here 
considered, and the steam station is assumed to be equipped 
with 30,000-kw. or 35,000-kw. steam turbines, it is evident that 
it is better to construct the water power than to install an ad- 
ditional unit in the steam station. 

As has been stated, the estimates used in this memoran- 
dum are based upon the development of a water power with a 
low head, but with a large volume of water. Тһе characteristic 
discharge curve for such a stream, together with the potential 
power that can be developed and the variations in head with 
different flows, are shown in Fig. 1. It will be noted that, with 
the exception of but two or three days in the period of fifteen 
years, the power during low-water periods does not drop below 
30,000 kw. It is evident from the above deductions, therefore, 
that the water power should be developed under the conditions ` 
assumed, rather than that a steam plant and transmission system 
should be constructed, or the steam station extended. 


WATER PowER wiTH STEAM AUXILIARY 


It has been found profitable to develop water powers much be- 
yond the minimum flow of the stream when a market for the power 
is available. If there 15 no market immediately at hand, in many 
cases new industries grow up and absorb the power after such 
developments are made. Under such circumstances, as the 
demand for power in any industrial community constantly in- 
creases and the power must be supplied, it often becomes a 
serious problem to determine how best to obtain additional 
power when the power in the original development is absorbed. 

It is of importance, therefore, to determine in advance the 
best water power development to make, and to determine as 
nearly as possible, the manner in which increased demands 
for power are to be met. "There has been a tendency quite 
general among bankers and investors to regard a water 
power as limited by the minimum flow, and to look with sus- 
picion upon the proposition to include an auxiliary steam plant 
as a necessary part of a water power development. Аза matter 
of fact, practically all water powers have auxiliary steam plants 
in connection with them, but, unfortunately, these auxiliary 
plants are often uneconomically furnished by the customers. It 
is much better engineering, and much greater economy is ob- 
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tained, if the question of auxiliary steam plants for a water 
power is met boldly and adequate provision is made for it in 
the beginning. Тһе purpose of this memorandum 1$ to suggest 
a convenient method for determining with accuracy the best 
development for a water power and the best combination that 
can be made with an auxiliary steam plant. The method can 
be: used also to determine the best combination that can be 
made of existing steam or other power plants, and the manner 
in which all these factors are affected by changes in interest 
rates and the cost of coal, labor, supplies, etc. 

The Most Economical Water Power Development. Іп the 
case used as an illustration, it is clear that if the power 
required exceeds 10,000 kw., the water power should be de- 
veloped rather than a steam plant constructed, and this 
development can be carried to 25,000 or 30,000 kw. before the 
question of an auxiliary steam plant arises. Every water power 
development should be so designed that its maximum eco- 
nomical capacity can be conveniently developed without recon- 
struction, and it is important that this capacity should be deter- 
mined when the original designs are made. 

In the problem used as an illustration, the supplementary or 
auxiliary steam plant 1$ located at the point where fuel can be 
obtained most economically. The analysis is based upon 
the annual cost of production, rather than upon earnings, for 
the reason that gross receipts should be approximately the same, 
independently of the manner in which the power is produced. 
We are concerned, therefore, with the single matter of ascer- 
taining the manner in which the power can be produced at the 
lowest cost. 

An inspection of the formulas on page 537 shows that they 
are materially different in the distribution of costs, and it 
is evident that the costs can be combined so as to obtain the 
point where power is produced at a minimum cost. The for- 
mulas at 100 per cent load factor, 3 per cent interest, coal at $1 
per ton, and with power delivered to the low 5 distribution 
system, are as follows: 


Water Power: Capital cost, $172,250 + 3.5010 per kw. (С) 


Operation, 30,270 + 1.5746 рег kw. (Е) 
Steam Plant: Capital cost, $ 47,280 + 3,4010 рег kw. (р) 
Operation, 65,590 + 10.8528 per kw. (Е) 


As it is assumed. that the water power plant will be developed 
beyond the minimum flow, any increase in the installed capacity 
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in the water power plant will require a corresponding increase 
in the capacity of the auxiliary steam plant, so the increase in 
capital cost in both plants must be offset by the saving ef- 
fected, and the water power can be extended until the 
net result is zero. This minimum point is shown at 80,000 kw. 
in Fig. 3. The point of minimum cost can be determined by 
differentiation, but is most easily obtained by a direct estimate 
of costs at several points. This point of minimum cost, however, 
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is not the determining factor іп deciding upon the capacity to 
which a water power should be developed. 

The Most Economical Combination Development. When the 
steam plant is larger than the water power, the water power is 
used to supplement the steam plant when and as the water power 
isavailable. In this case the capital charges of the steam plant 
need not be considered, and the increase in the development of 
the water power must be justified by the saving in the-operating 
costs of the steam plant, and the development of the water 
power should be stopped where the saving resulting from such 
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extension amounts to zero. This relationship is expressed as 


. follows: 
3.501 + 1.5746.X — 10.8528X = 0. 


X = — = 0378 х 365 = 138 days. 


From flow sheet Fig. 1, 138 days' operation = 80,000 kw. 

Under the conditions assumed, therefore, the water power can 
be developed in connection with a steam plant to the point where 
it utilizes the flow of the stream for 138 days, which corres- 
ponds in the present case to the development of the water 
power to 80,000 kw. (See Fig. 3.) It is merely a coincidence 
that the best points for the water power and for the combination 
plants happen to be the same 1n this case. 

Effect of Change in Conditions. In the contemplated construc- 
tion of a water power plant, it is impossible to foretell with cer- 
tainty just when conditions will change, and how much that 
change will be. Within the limits of probability, however, pos- 
sible changes in conditions should be given careful consideration 
in the design and construction of the power plants. Тһе for- 
mula method of solving these problems permits other conditions 
than those assumed to be readily studied and the power plant 
designed to meet such possible contingencies. 

In the case here used as an illustration, if the rate for money 
is increased from 3 per cent to 8 per cent for the water power ' 
and to 9 per cent for the steam plant, to cover interest, taxes 
and amortization, and coal increased in cost from $1.00 per ton 
to $3.00 per ton, the following tables show the effect of these 
changes on the most economical development for a water power 
for operation in combination with a steam plant under the con- 
ditions assumed. | , 2% 


POINTS ОЕ ECONOMICAL DEVELOPMENT 
3 per cent. Money; Coal $1.00 to $3.00 per Ton 


Water power and Combination of water 
steam auxiliary power and steam plant 
Days of Kw. Days of Kw. 
utilization installed тах. flow installed 
Cost of Coal: 
$1.00 per їоп.............. 138 80,000 138 80,000 
2:00:79 адан oie dera 258 60,000 52 100,000 
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Under the condition that interest, taxes and amortization cost 
8 per cent for the water power and 9 per cent for the steam plant, 


the points of economical development become as follows: 


8 per cent. and 9 per cent. Money; Coal $1.00 to $3.00 per Ton 


Water power and | Combination of water 
Steam auxiliary power and steam plant 
Days of . Kw. Days of Kw. 
utilization installed max. flow installed 
Cost of Coal: 
$1.00 per ton.. ... TET 365 130,000 276 56,000 


БАЛЕТ Ere Sides 185 71,000 | 102 | 88,000 


In the above, with coal at $1.00 per ton and money at 8 per 
cent and 9 per cent, it is not financially practicable to develop 
the water power. In the other cases assu:ned, the development 
of the water power is feasible and profitable. These-results are 
plotted in Fig. 3. | 

The cost of coal will remain low, as the contemplated steam 
plant is assumed to be located immediately at the coal mines. 
Тһе price of coal will tend to rise, however, and this fact must 
receive consideration in the design of the power plants. Тһе 
tendency of money rates wil probably be downward as the 
country increases in wealth. Ап examination of the above tables 
and the curves shown in Fig. 3 indicates clearly that, under the 
conditions assumed, the power plant should be designed for an 
ultimate extension to 100,000 kw., and that under the probable 
changed conditions, as stated, it will not be advisable to exceed 
this amount. 

Suggested Special Power House Design. In this connection, 

although it is removed from the purpose of these notes, I 
wish to suggest a power station design which may be of use in 
the development of water powers with low operating heads. 
Direct-connected water-wheel generators are now generally used 
in hydroelectric developments, but when the head 1s low, these 
generators become costly on account of the low speed and 
the large volume of water to be passed through them. The 
generators must have relatively small capacity as compared to 
those used in steam practise. Where the power development is 
large, the result is that the power house building and founda- 
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tions, as well as the water wheels and generators, become serious 
factors in the cost of such a power development. Іп the case 
used as an illustration, the power station must be from one- 
quarter to one-half mile in length, according to the size of the 
generating unit used, and this is a serious factor in the cost of 
development. In the accompanying drawing, Fig. 4, the sug- 
gestion is made to place a simple protecting building over the 
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operating room and to place the switching gear, transformers, 
etc.in a substation building on shore, the power house being used 
simply as a:generator room. Instead of building a high and 
costly structure to support and contain the crane, an external 
gantry crane is used and the apparatus in the station is reached 
through removable transoms in the roof. This method of de- 
sign greatly reduces the cost of the power station construction. 
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There are obvious objections to reaching the apparatus through 
transoms, especially in bad weather. But a unit out of com- 
mission is but a small proportion of the total, and during a large 
part of the year there are many spare units. It is believed that 
_ the reduction in the cost more than offsets any possible incon- 
venience in making repairs. 


Load Factor. Тһе effect of a reduction of the load factor: 


below the 100 per cent used in this illustration will be to increase 
the number of days per year during which a water wheel must be 
operated in order to justify its installation. Оп the other hand, 
if pondage is available above the dam, the kilowatt capacity 
which can be installed will be increased. Тһе object of this 
paper is to indicate a method of solution for such problems, 
rather than to solve the various problems connected with water 
power developments. Тһе necessary changes are readily made 
to adopt the formulas to any load factor desired. Тһе method 
of solution is then the same as has been used. Тһе kilowatt 
capacity curve on the flow sheet must be reconstructed to adapt 
it to the storage capacity which may be available above the dam. 

Reserves. Тһе reserve generating units for obvious reasons 
should be placed in the steam plant. Ап entire spare circuit 
should be provided in the transmission line as a reserve, and a 
reserve set of transformers should be provided in the substation. 
These reserve factors will appear as constants in the formulas 
expressing costs, and hence do not enter into the problem of the 
determination of the most economical development of the water 
power. 

Other Uses of Formulas. Formulas such as have been shown 
can be developed for water powers of high head, and also where 
storage reservoirs are available. Тһе capacity that сап be 
economically installed in such developments is frequently much 
above preconceived conceptions. Similar formulas can be de- 
veloped for existing power plants of various kinds and efficien- 
cies, and one of the most satisfactory results of a study of the 
possible combinations of such plants 1$, that unless the apparatus 
installed in a plant is unusually inefficient, practically all plants 
have their economical place and can be efficiently used. In 
extreme cases, however, the resulting economy is negligible. 
The formulas can be used to determine whether it is best to 
change the frequency of a generator or to use frequency changers 
to obtain the desired result; also whether it is better to change 
an inefficient generator for a more efficient generator or to use 
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the inefficient generator on the peak. Тһе solution of this 
problem gives the peak the generator should be allowed to carry 
and beyond which it should not be operated. Іп fact, these 
formulas can be used in determining practically all questions of 
power house design and operation which confront the designing | 
and operating engineer. With the costs expressed in this form, 
- the estimates of cost at other load factors and under changed 
conditions are quickly and readily made, and with the assurance 
that they are correct, for, in the last analysis, they аге but 
interpolation, or pro rating, formulas obtained from established 
costs. | | 
FINANCIAL EFFICIENCY 

Financial efficiency might be defined as the greatest earning 
power of a dollar. This may or may not be a controlling factor 
in a water power development, although it is believed that as a 
matter of good policy it should not be. It is conceivable, for 
instance, that in the long run, it might serve better in an initial 
development to earn 10 per cent on $200,000 than to earn 20 
per cent on $100,000. Besides, the excess profit tax list might 
be the only beneficiary of the higher rate of return. The present 
notes, however, are concerned only with the explanation of a 
method to determine the best point of development, although 
this may not be the point where the dividend rate is the largest 
on the investment. It determines the point, however, where 
the enterprise is safe from competition, for the reason that the. 
cost of production is a minimum. 


Ву-Рворост PLANTS 


It is feasible to use gas instead of coal in the production of power 
in the auxiliary steam plant. In most cases gas can be burned un- 
der boilers with better results than in gas engines, on account of the 
low cost and high efficiency of the modern steam turbine. It is 
now possible to obtain from all bituminous coals, whether cok- 
ing coals or not, by-products of great value, by the use of either 
producer gas or coking plants. In many cases the sale of the 
- by-products will pay all the costs of the by-product plant, in- 
cluding the cost of coal. The gas for use in the steam power 
° plant will be a surplus product, or an additional profit, which 
can be added to the profits of the enterprise. Such by-product 
plants should receive careful consideration in the design of such 
a power system as is here described. 
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CONCLUSION 


From the above results, several general propositions can be 
laid down as to the development of water powers. 

Where a market for the power is available or can be crea- 
ted, practically all water powers should be developed beyond 
the minimum power available, and hence all water power plants 
require steam plants in connection with them. 

Water power plants are most valuable when developed 
in connection with steam plants, and the development should 
be carried to the point where the best results can be obtained 
.1n combination with such steam plants. 

The point of economical development of the water power 
is increased in capacity as the operating costs of the steam plant 
are increased, such as are due to the increased cost of fuel and 
labor. | 

The point of economical water power development is de- 
creased as the value of money increases. "This is true in general, 
although there are exceptions in the case of water powers with 
high heads. | 

The general tendency of coal and labor and other items 
entering into the operating cost of a steam plant 1s upward, and . 
as the world increases in wealth the tendency in the value of 
money will be downward. These factors should be kept in 
mind in planning the development of a water power and ade- 
quate provision should be made for the possible extension of 
its capacity. | 

The increase in the efficiency of steam turbines and the 
construction of steam plants at the coal mines both operate to 
make it difficult to profitably develop water powers, especially 
those with low head, where the first cost is relatively high. The 
development of all possible water powers should be encouraged, 
both for the conservation of the fuel supply and the economical 
advantage resulting from the use of power in our industries. 
It is, therefore, important that all rights essential to the de- 
velopment of water power and transmission projects should be 
given power companies, to the end that the cost of development 
should be reduced and many serious difficulties now encountered 
removed. Any policy under which additional burdens are im- 
posed upon water power developments, whether by the govern- 
ment or other authority, is against the true interests of the 
public and contrary to the best utilization and preservation of 
our natural resources, On the contrary, if a plan could be 
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devised so that government funds at low interest rates could be 
used for such developments, similar to the plan used in the 
construction of the New York subways, the development of 
water powers would be greatly facilitated and the financial 
values created would react to the great advantage of the роуегп- 
ment. 


REPORT OF THE BOARD OF DIRECTORS 
FOR FISCAL YEAR ENDING APRIL 30, 1917 


The Board of Directors of the American Institute of Electrical Engineers 
presents herewith to the membership, its Thirty-third Annual Report 
for the fiscal year ending April 30, 1917. А General Balance Sheet show- 
ing the financial condition of the Institute on April 30, 1917, together 
with other detailed financial statements is included herein. 

The Board has endeavored, as in the past, to keep the membership 
informed of its proceedings and of the work of the Institute, by publishing 
monthly in the PROCEEDINGS a resumé of the business transacted at each 
Directors’ meeting. These notices, however, are not a complete report 
of the work done by the Board at any one meeting, for the reason that 
important matters are constantly arising which cannot be disposed of at 
once, and which must therefore be held over for future consideration. 
Publicity in such cases must frequently be deferred, but eventually full 
information is given to the members in subsequent issues. 

Directors’ Meetings.— The Board of Directors held ten meetings 
during the year. Five of these were held in New York City, and five were 
held in other cities as follows: June, in Cleveland, Ohio, during the An- 
nual Convention; October, Philadelphia, Pa.; December, Boston, Mass.; 
January, Pittsburgh, Pa.; March, Chicago, Ill. Heretofore it had been 
the custom to hold the directors’ meetings in New York on the same date 
as the monthly Institute meeting. When it was decided last fall to hold 
some of the monthly meetings outside of New York, it was also decided 
that the Board of Directors should meet in the city in which the Institute 
meeting was held, and this plan has been carried out. 

In addition to the directors' meetings, the Executive Committee held 
three meetings. Two of these were held on February 6 and 9, 1917, 
respectively, for the purpose of preparing and issuing to the membership, 
a circular and data sheet for classifying the availability of Institute mem- 
bers for military or naval service in case of need. The third meeting was 
held on March 26, 1917. At this meeting the President was authorized to 
appoint a committee to consider all matters in connection with the In- 
stitute's relation to national defense, including coöperation with the various 
governmental departments. 

National Meeting.— The Institute's Annual business meeting, on 
May 16, 1916, was a truly National теейпе, ав it was held simultaneously, 
by means of the long distance telephone, in Boston, New York, Philadel- 
phia, Atlanta, Chicago and San Francisco; each person in each of the six 
audiences being provided with a receiver and thus being enabled to hear 
all that was said by the speakers in all six cities. The object was to 
commemorate the achievements of Institute members in the fields of 
communication, transportation, light and power. А message of greeting 
was read from the President of the United States and greetings were 
exchanged by the various assemblies. The meeting concluded with the 
adoption of the following resolution: 

RESOLVED, that this National Meeting, of the American Institute 
of Electrical Engineers in Boston, San Francisco, Atlanta, Chicago, 
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Philadelphia and New York now assembled, does hereby express its 
deep appreciation of the efforts of all those who have coóperated in 
the holding of such a meeting, which is now for the first time held in 
any country; and that a record of the proceedings of this meeting, 
which is made possible by the inventive genius and by the engineering 
ability of its own membership, be spread upon the minutes of the 
Institute, where, for generations to come, it will serve as an inspira- 
tion to engineers everywhere, and will mark an epoch.in the history 
of American engineering achievement. 

The attendance in the cities in which the meeting was held was as 
follows: Boston 900; New York, 1100; Philadelphia 850; Atlanta 500; 
Chicago 1000; San Francisco 750. 

Annual Convention.— The thirty-third Annual Convention was held in 
Cleveland, Ohio, June 27-30, 1916. "The total registered attendance was 
607, of which number 319 were from out of town, twenty-two states being 
represented. Тһе program consisted of seventeen technical papers on a 
variety of timely engineering subjects. The usual conferences of the 
Section Delegates were held, at which all of the Sections were represented, 
and a conference was also held, for the first time, of representatives of the 
Student Branches. 

Pacific Coast Convention.— The Pacific Coast Convention was held in 
Seattle, Washington, September 5-9, 1916. Nine technical papers were 
presented and the total registration numbered 182. 

Midwinter Convention, New York.—The fifth Annual Midwinter 
Convention was held at Institute headquarters in New York, February 
14-16, 1917. The total registered attendance was 712. In addition to the 
eleven technical papers presented, a lecture on Modern Physics was 
delivered by Professor R. A. Millikan, President of the American Physical 
Society, and Professor of Physics of the University of Chicago. The 
convention closed with a subscription dinner-dance at the Hotel Astor on 
February 16 which was attended by 329 members and guests. 

Monthly Institute Meetings.— The present year marked a change in 
the policy of holding monthly Institute meetings in New York. It had 
been the custom for many years to hold regular monthly meetings at 
Institute headquarters, with an occasional special meeting outside of 
New York under the auspices of one of the Sections, in addition to the 
regular New. York meeting. At the beginning of the present administra- 
tive year in August 1916, President Buck expressed the opinion that the 
time had come to make а change in the policy of holding all of the monthly 
meetings in New York City, and declared himself in favor of distributing 
the meetings. This plan was given a trial, with the result that four of the 
monthly meetings were transferred from New York; one each being held 
in Philadelphia, Boston, Pittsburgh and Chicago. Another meeting was 
scheduled to be held in Schenectady in April, but it was found necessary | 
to cancel this meeting. The meetings were largely attended, and the local 
officers and members were unremitting in their efforts to make them a 
success. A brief record of the out of town meetings follows: | 

Philadelphia Meeting.— The Philadelphia meeting was held on October . 
13, 1916. "There were two technical sessions at which four papers were 
presented and the total registered attendance was 333. 
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Boston Meeting.— The Boston meeting was held on December 9, 1916. 
The Institute's technical session, at which two papers were presented, was 
held іп the afternoon. Тһе evening session was devoted wholly to the 
presentation of the John Fritz Medal to Professor Elihu Thomson. The 

attendance was about 400. : 
|» Pittsburgh Meeting.— The Pittsburgh meeting was held in Pittsburgh, 
Pa., on January 12, 1917. This meeting was limited to one technical 
session at which one paper was presented. Four hundred and twenty-five 
members and guests were present. 

Chicago Meeting.— The Chicago meeting was held on March 9, 1917. 
Two papers were presented at the single technical session, and the attend- 
ance numbered 300. 

New York Meetings.—4A meeting was held іп New York at Institute 
headquarters on November 10, 1916, at which three technical papers were 
presented. А three дау Midwinter Convention was held in February as 
referred to elsewhere herein. The Annual Meeting on May 18, 1917, 
will also be held in New York. 

Joint Session A. I. E. E. and А. I. & S. E. E.—A joint session of the 
А. I. E. E. and the Association of Iron and Steel Electrical Engineers 
was held during the tenth Annual Convention of the Association in 
Chicago on September 20, 1916. Two papers on subjects of mutual 
interest to the two organizations were presented on behalf of the Institute. 

President.— President Buck presided at the Institute meetings held 
during his administration in Philadelphia, New York, Boston Pittsburgh 
and Chicago. He also attended the Pacific Coast Convention held in 
Seattle, September 5:9; 1916, the Annual Banquet of the Pittsburgh 
Section on December 9, 1916, the meeting of the Philadelphia Section 
held on February 12, 1917, and he represented the Institute at the Annual 
Dinner of the Providence Engineering Society March 28, 1917. 

National Defense.— The Institute has continued to contribute its 
services to the government in the cause of preparedness and National 
Defense during the past year, and is now in touch with various govern- 
mental agencies through representation on committees and other bodies 
which are carrying on effective work for the national welfare. A brief 
summary of the more important activities іп which the Institute is іп- 
terested and in which it has taken a conspicuous part is contained 
elsewhere in this report. 

Early in February 1916, the Executive Committee of the Institute met 
in special session, at which it was decided to issue to the membership а 
circular calling attention to the opportunities for patriotic service existing 
in the Army and Navy of the United States and enclosing therewith a 
data sheet for the purpose of tabulating the availability of members of 
the Institute for such service. This circular and data sheet were issued 
under date of February 8, 1917, and met with a very cordial response, 
the number of data sheets received in reply exceeding 2,000. А con- 
siderable number of the members who have sent in these sheets have 
been communicated with by the branches most urgently in need of the 
services available, and the remainder are being held for future reference. 

On April 2, 1917, the Institute in cooperation with other engineering 
societies issued to its membership two pamphlets containing as complete 
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information as could be obtained for members of the engineering pro- 
fession who contemplated offering their services in the army and navy. 
These pamphlets have resulted in the filing of many applications by 
Institute members for commissions in the various ranks of the Officers 
. Reserve Corps of the army, and in the Naval Reserve. 


The Executive Committee met again on March 26, 1917, for the purpose 
of authorizing the President to appoint a Committee on National Defense, 
to consider all matters which would naturally come within the scope of 
such a committee, and including continuation of the work formerly 
carried on by the Institute's representatives upon the Joint Committee 
on Engineer Officers’ Reserve Corps. This committee was subsequently 
appointed by President Buck and has since been active in carrying on 
special work relative to National Defense. 


Council of National Defense.—4As the result of the act of congress of 
August 29, 1916, the Council on National Defense was organized for the 
. coórdination of industries and resources of the United States for the 
national security and welfare. Тһе Council is made up of the Secretary 
of War (Chairman), the Secretary of the Navy, the Secretary of the 
Interior, the Secretary of Agriculture, the Secretary of Commerce and 
the Secretary of Labor. Тһе act further provided for the appointment 
by the President, of an Advisory Commission of seven members. The 
Advisory Commission was subsequently appointed and is now serving 
the Council in a consulting capacity without compensation. The Insti- 
tute was invited to appoint two representatives upon the Committee on 
Science and Research of the Advisory Commission, to which the super- 
vision of engineering matters had been assigned. ТНе Engineering Section 
of this committee is made up of two respresentatives each of the four 
national engineering societies and certain other engineering societies. 


National Research Council.— The National Research Council was 
created by the National Academy of Sciences at the request of the Presi- 
. dent of the United States during the latter part of 1916. The object of 
the Council is to bring into coöperation, existing governmental, educa- 
tional and other scientific and research organizations, with the purpose of 
encouraging investigations of natural phenomena, the increased use of 
scientific research in the development of American industries, the em- 
ployment of scientific methods in strengthening the National Defense, 
and such other applications of science as will promote the national se- 
curity and welfare. Тһе work of the National Research Council is 
carried on through the agency of central committees covering each of the 
physical sciences and chemistry, mathematics, medicine, hygiene, agri- 
culture, and other subjects, including a Committee on Engineering. To 
this Committee on Engineering each of the National Engineering So- 
cieties was invited to appoint two representatives and these representa- 
tives, with the engineers who are members of the Council, constitute the 
Committee on Engineering. 


United Engineering Society.—Important changes have taken place in 
the affairs of the United Engineering Society during the year. Оп June 
23, 1916, the Board of Direction of the American Society of Civil Engi- 
neers adopted resolutions accepting an invitation from the United 
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Engineering Society, to enter into the fraternity of the founder societies 
and take up their headquarters in the Engineering Societies Building. 
Active negotiations with the object of bringing about this result had been 
carried on by the А. S. C. E. and the U. E. S. for about one year prior 
to the action referred to above. Full details of the arrangement finally. 
agreed upon and a memorandum of the agreement entered into will be 
found іп the September 1916 PRocEEDINGS. Аз will be seen from this 
agreement, in order to provide suitable quarters for the А. S. C. E., it 
was necessary for the United Engineering Society to contract for the 
addition of three stories to the Engineering Societies Building. This 
work is now progressing satisfactorily and it is expected that the American 
Society of Civil Engineers will move its headquarters into the building 
before the end of the present calendar year, thus bringing under one roof 
the headquarters of the National Societies of Civil, Mining, Mechanical 
and Electrical Engineers, with all the obvious advantages for closer 
coóperation of the entire engineering profession. 

Engineering Council.—The Engineering Council is the outcome of 
several independent movements which took definite shape early during the 
present year. For a long time individual engineers and the engineering 
societies have had in mind the desirability of having some properly con- 
stituted organization empowered to speak in the name of engineers in 
general upon subjects of common interest to engineers and to the public. 
The need of such an organization in the interest of coóperation and uni- 
formity of action on matters relating to-the welfare of the engineering 
profession was brought to the attention of the Board of Directors of the 
Institute at its meeting held in Philadelphia in October 1916, at which the 
subject was discussed at considerable length. А resolution was adopted 
at that meeting authorizing the President to appoint a committee of five 
members of the Board and to invite the American Society of Civil Engi- 
neers, the American Society of Mechanical Engineers, and the American 
Institute of Mining Engineers, to appoint similar representatives upon a 
joint committee with a view to formulating some plan of action for organ- 
izing such a central body. А series of conferences of the representatives 
appointed as a result of this action followed, and after considering nu- 
merous suggestions the conferees formulated a plan to amend the 
by-laws of the United Engineering Society so as to provide for a new 
department of that Society, to be known as The Engineering Council. 
These amendments were subsequently approved by the four founder 
societies which constitute the United Engineering Society, and the Council 
is now being organized. The object of the Council as expressed in the 
amended by-laws is “Чо provide for convenient coóperation between the 
four founder societies, for the proper consideration of questions of general 
interest to engineers and to the public and to provide the means for united 
action upon questions of common concern to engineers. The Council will 
be maintained and conducted independently of the other activities of the 
United Engineering Society. Under the plan as adopted, each of the four 
founder societies is entitled to five representatives upon the Council, 
these representatives to be designated by the governing body of each 
society, and the United Engineering Society will have four representa- 
tives chosen by its Board of Trustees, such representatives to be men not 
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already designated by any of the founder societies. The Council will be 
empowered to speak authoritatively for all member societies on all public 
questions of common interest or concern to engineers unless objection 
be made by a majority of the representatives p-esent of one of the founder 
societies or one-quarter of the representatives present and voting. 
The Trustees of the United Engineering Society will have authority to 
elect to membership in the Engineering Council, other national engineer- 
ing or technical societies under such rules as the Council prescribes, pro- 
vided their nomination and the said rules have the unanimous approval 
‚ of the governing bodies of the four societies. . 

Representatives.— The Institute has continued its representation upon 
various national committees and other local and national bodies with which 
it has been affiliated in past years, and in addition has appointed represen- 
tatives upon a number of new bodies including several relating to National 
Defense. А list of these will be found published in each issue of the 
PROCEEDINGS. 

Committees.— There has been very little change in the character 
of the committees during the year. Last year a committee was 
appointed to formulate a plan for reorganization of the techni- 
cal committees. This committee reported in August 1916 recom- 
mending a reclassification of the technical committees and the appoint- 
ment of two new committees; one on electrical machinery, and one on 
instruments and measurements. When this report came before the 
Board for final consideration at the October meeting, it was decided to 
defer action on the reorganization of the committees, but a number of 
them were renamed in accordance with recommendations contained in 
the report so as to cover their respective fields more comprehensively. 

А change in the manner of reporting upon the work of the technical 
committees was recently effected upon the recommendation of the Meet- 
ings and Papers Committee, through an amendment to the Institute's 
by-laws, under which all technical committees are now required to submit 
an annual report of their work at the Annual Convention. Brief reports 
of the technical committees have previously been included in the Annual 
Report of the Board of Directors, but in accordance with this change 
the reports of the technical committees covering the present year will be 
presented at the Annual Convention in June. 

Meetings and Papers Committee.— The Meetings and Papers Com- 
mittee arranged the programs of Institute meetings and conventions 
held during the year. 

At the suggestion of President Buck, and with the approval of the 
Board of Directors, the experiment was tried of holding a number of the 
regular monthly meetings of the Institute in cities outside of New York. 
Reference to this plan and details regarding the meetings held, may be 
found elsewhere in this report. The object of this geographical distribu- 
tion of the regular monthly meetings was to afford members at various 
central points a better opportunity to be brought into contact with the 
Institute activities. It is believed that this distribution of meetings has 
greatly stimulated the Sections where the meetings were held and that 
the Institute as a whole has been benefited. 

Upon the committee's recommendation, a new by-law was adopted by 
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the Board of Directors providing that each technical committee shall 
present, at the Annual Convention, a report of the work accomplished 
by the committee during the year, and giving plans and suggestions for 
future activities. The committee believes that this by-law will be helpful 
in bringing about a continuity of ideas, and will be the means of increasing 
the usefulness of the technical committees. 

The by-laws as amended in May, 1916, have established a clear distinc- 
tion between the work of the Meeting and Papers and Editing com- 
mittees, the former now having jurisdiction over the selection of papers 
to be presented, and the publication of the PROCEEDINGS, while the editing 
of papers and the selection of material for the annual TRANSACTIONS is 
now solely within the province of the Editing Committee. 

Owing to unusual and unexpected demands on the finances of the Insti- 
tute, the amount which could be appropriated for publication of the 
PROCEEDINGS and TRANSACTIONS has been somewhat reduced. This has 
made it necessary to exercise unusual care in the selection of material for 
presentation and publication. It is hoped that the work has been doneun 
such a way that there has been no curtailment in the usefulness of the 
Institute to the membership. 

Sections Committee.— The activities of the Sections reflect a gain over 
the previous year of about the usual magnitude. In view of the many 
unusual demands made upon the engineers in this period, this continued 
progress is gratifying. 

No new Sections have been formed this year, but recent agitation in this 
direction in two or three localities, points to definite developments in the 
near future. The Toronto Section has resumed its activities in the face 
of unusual obstacles. | 

Continued interest manifested in the affiliation of Sections with other 
technical societies has resulted in the appointment of a special committee 
to report on such relation at the next delegates' meeting. 

BRANCHES.— Perhaps the must notable item of the year is the growth 
of interest in the work of the Student Branches, which has been recognized 
by the appointment of a special Committee on Institute Branches, a sub- 
committee, with its chairman as vice-chairman of the Sections Com- 
mittee. 

This committee has already projected a lecture circuit for the Branches 
in the middle west, to be inaugurated next fall. The committee hopes to 
obtain the services of notable engineers without unreasonable demand 
upon their time. If this plan proves successful, other circuits will be 
established in localities where Branches are so grouped that such circuits 
are practicable. 

The number of Student Branches has been raised to fifty-nine by the 
addition, during the year, of those newly organized at Norwich Univer- 
sity, Vermont, University of North Dakota, University of Minnesota, 
Alabama Polytechnic Institute and the Massachusetts Institute of 
Technology. The activities in the Branches show increases corresponding 
to those of the Sections, while future growth should be materially favored 
by the improved organization. 

А tabulated table showing the activity of the Sections and Branches 
during the past five years follows: 
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For Fiscal Year Ending 


May 1 May 1 May 1 May 1 May 1 
1913 1914 1915 1916 1917 
SECTIONS 
Number of Sections......... 29 30 31 32 32 
Number of Section meetings 
held и 244 233 246 251 265 
Total Attendance........... 22,825 22,026 23,507 28,553 31,299 
BRANCHES | 
Number of Branches. ....... 47 47 52 54 59 
Number of Branch meetings 
held Элл c ott 357 306 328 360 368 
Attendance................ 11,808 11,617 12,712 15,166 16,107 


Standards .Committee.— The 1916 edition of the Standardization 
Rules was approved by the Board of Directors at the Cleveland Con- 
vention, June 28, 1916. This edition does not differ radically from the 
previous edition, but involves material changes in over 100 sections, 
with ten new sections. 

Of particular value in this revision of the Rules has been the very 
cordial coóperation of the British Engineering Standards Committee, 
which was represented at the final meeting of the Standards Committee 
on May 15 and 16, 1916, by its Secretary, Mr. C. le Maistre, who 
came from London to New York for this express purpose. The By-Laws of 
the Standards Committee referred to in the last Annual Report were 
approved by the Board of Directors on June 28, 19106. | 

The work of the present committee has been carried on with the aid of 
36 sub-committees which report at the monthly meetings of the main 
committee. Тһе membership of the sub-committees is only partly con- 
fined to the main committee although the sub-committee chairmen are 
always members of the main committee. 

The changes and additions to be proposed as a result of this year's 
work are for the most part not radical, and to avoid the cost of a new 
edition, will be printed as a supplement. 1% seems desirable to the com- 
mittee that a new edition should not be issued oftener than once in two 
years. 

Work is now under way by the sub-committee on “The Form but not 
the Substance” looking towards a complete rearrangement and standardi- 
zation of typography for the 1918 Edition. 

Each year the need of more effective machinery of coóperation with 
the standards committees of other societies has become more evident. 
The invitation issued at the suggestion of the Standards Committee, by 
the Board of Directors last winter to the A. S. C. E., the A. S. M. E, 
the A. I. M. E. and the A. S. T. M,, each to appoint three representatives 
on a joint committee with the A. I. E. E., to consider the organization 
of a National or American Engineering Standards Committee, has met 
with cordial response, and the organization committee after a winter's 
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work is about ready to report. Тһе chairman of the Standards Com- 
mittee is chairman of the organization committee above referred to. 

Another joint conference committee on standards largely within the 
electrical field is already in operation; it includes the A. I. E. E., the М.Е. 
L. А., the Electric Power Club, Association of Edison Illuminating Com- 
panies., the American Electric Railway Association, the Association of 
Iron and Steel Electrical Engineers, the Railway Signal Association, Soc. 
Automobile Engineers, Institute of Radio Engineers, Illuminating En- 
gineering Society, the American Society for Testing Materials, and the 
Association of Railway Electrical Engineers. 

The future of this committee will depend somewhat upon the form of 
organization of the American Engineering Standards Committee; but 
whether or not it continues in its present form, it has already served and 
will continue to serve a very useful purpose until the broader committee 
is fully organized and ready to undertake its work. 

Our Standardization Rules have been translated into French and this 
translation 15 now being revised by a committee including several of our 
French confreres, with Mr. C. О. Mailloux as chairman. 

Committee on the Development of Water Power.— The committee 
has had no opportunity during the past year to obtain action on matters 
of legislation affecting water power, and has therefore confined its activi- 
ties to two specific utterancés оп the general subject. 

In the latter part of October 1916,-with the approval of the Board of 
Directors of the Institute, thé committee prepared and submitted to the 
Secretaries of War, Agriculture and the Interior a declaration of principles 
governing water power. 

The second matter referred to was a letter written to the Council on 
National Defense, dated February 23, 1917, bringing to the Council's 
attention the importance of legislation in respect to Niagara Falls, and 
setting forth the intimate and vital relation between the products there 
manufactured, and national defense. This document the committee be- 
lieves was of value in aiding the legislation later enacted by congress 
whereby the diversion of additional water at Niagara Falls was permitted 
up to the limits of the existing treaty. 

U. S. National Committee of the International Electrotechn cal Commis- 
sion.—4A general meeting of the U. S. National Committee of the Interna- 
tional Electrotechnical Commission with the Standards Committee of the 
A. I. E. E. was held in New York on May 12, 1916, on the occasion of 
the visit to the United States of General Secretary C. le Maistre. Тһе 
question of graphic symbols was discussed at this meeting and referred 
to a sub-committee of the Standards Committee for examination. Hopes 
were expressed for the active resumption of the work of the Commission 
after the world's peace shall have been restored. Тһе Annual Report of 
the Honorary Secretary of the I. E. C. for the year ending December 31, 
1916 was received in January and distributed among the members of 
the U. S. National Committee. From the report it appears that not- 
withstanding the continuance of the world war very appreciable contri- 
butions to the work of the I. E. C. have been maintained bv a number 
of the individual countries. 

Pan American Joint Engineering Committee.— This committee was 
organized in February 1916 upon the initiative of the Institute with the 
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object of increasing and broadening the influence and usefulness of the 
national engineering societies of the United Stdtes in Central and South 
American countries. In addition to the Institute, the National Societies of 
Civil, Mining, and Mechanical Engineers are represented upon the joint 
committee. Preliminary meetings were held on March 3 and March 24, 
1916, and on April 10, 1916, a formal organization was effected. Letters 
were sent to all South and Central American representatives at Washing- 
ton and to the representatives of the United States in Central and South 
America in order to obtain the names of representative engineering or- 
ganizations in those countries. These names having been obtained, a for- 
mal request was sent to the leading engineers and technical associations in 
each country asking their cooperation with the joint committee. Тһе 
committee expects to continue this work through correspondence with 
the view to developing friendly relations and effecting coóperation with 
the engineers of Central and South America, and later may make an 
effort to arrange for a public meeting to stimulate interest in the movement 
among the engineers of the United States. 

Code Committee.— The Code Committee has continued to represent 
the Institute on the Electrical Committee of the National Fire Protection 
Association. Several sub-committee meetings on various subjects have 
been held during the year, and the Institute has been represented by one 
or more members of the Code Committee at each of such meetings. 

Editing Committee.— Under the revised Constitution adopted last 
year, the Editing Committee has entire supervision of the annual TRANS- 
ACTIONS of the Institute, and receives an annual appropriation for carrying 
on this work independent of the monthly PROCEEDINGS, which are now 
in sole charge of the Meetings and Papers Committee. Under the new 
regime the Editing Committee has arranged to publish the 1916 TRANs- 
ACTIONS early this summer and thereafter to publish a semi-annual 
volume each fall and spring covering the half-years ending June 30 
and December 30 respectively. Іп other respects the method of 
handling the publications has been the same as for several years past and 
appears to meet with general satisfaction. 

Board of Examiners.— The Board of Examiners held 13 meetings 
during the year averaging about three and a half hours each. It con- 
sidered and referred to the Board of Directors with its recommendations 
a total of 2006 applications of all kinds. In addition to these, the Board 
reviewed or reconsidered 47 applications for a second and third time. 
The result of the Board's work for the year is given in the following state- 
ment: | | 

APPLICATIONS FOR ADMISSION. 


Recommended for grade of Associate.............. 938 
Not recommended for grade of Associate........... 8 941 
Recommended for grade of Member............... 67 
Not recommended for the grade of Member........ 33 100 
Recommended for grade of ҒеПом................ 2 
Not recommended for ҒеПом..................... 2 4 


Recommended for enrolment as students........... 856 856 
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APPLICATIONS FOR TRANSFER. 


Recommended for grade of Member............... 57 

Not recommended for grade of Member........... . 21 78 
Recommended for grade of Fellow................ 12 

Not recommended for-grade of Fellow............. 15 27 
Total number of applications considered............ 2006 
Applications гесопѕійегей........................ 47 
Admission and transfer all grades.................. 2053 


Membership Committee.—The Membership Committee this year 
included the chairman of each local Section Membership Committee 
and six members at large. Its work, therefore, was founded principally 
upon Section activity. Four meetings were held by the committee 
during the year. 

The membership booklet containing information regarding the object, 
scope and work of the Institute was revised by rearranging the material, 
the incorporation of cuts, and including for the convenience of applicants, 
a tabulation of the critical facts in regard to applications. A booklet 
relating to Student enrolment was prepared and published. 

Following the custom established by the Membership Committee of 
last vear, the present committee cooperated with the New York office in 
the collection of dues from delinquent members with gratifying success. 


The following tabulated statement shows the total number of appli- 
cations received, also the additions, deductions, and net increase in the 
membership for the year. A study of these shows the direct effect of the 
work through the Sections, inasmuch as almost twice as many applica- 
tions were received from Section territory as from outside, whereas the 
ratio in the past has generally been about one to one. 


Honorary 
Member Fellow Member | Associate Total 
Membership, April 30, 1916. 5 454 1137 8212 
Additions: 
Transferred.............. 8 65 
New Members Qualified... 1 57 
Reinstated............... то EM 3 
Deductions: 
Died тазза шуя. 1 4 8 
Resigned................ 1 7 
“ТтапвЕеттей.............. 6 . 
Dropped................ 15 
Membership, April 30. 1917.. 4 458 . 1226 8710 


Net increase in membership during the уеаг.................................... 498 
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Deaths.— The following deaths have occurred during the year: 

Honorary Member.—Dr. Silvanus P. Thompson. 

Fellows.—Henry Floy, William Stanley, A. C. Eastwood, Henry G. 
Stott. 

Members.—F. C. Green, Judson Н. Boughton, Charles Н. Champion, 
F. W. Myers, Robert E. Noyes, Charles, Guckel, A. C. Einstein, Joseph P. 
Davis. | 

Associates.—John УУ. Beyer, E. M. Barton, W. C. Janney, Nathan А. 
Dreyfus, John Н. Wilson, Louis S. Baird, А. Nielsen, К. Н. Harrison, 
Harold Lomas, Porter Eveland, Frank B. McSoley, G. W. Krause, M. 
Pfatischer, H. P. Collins, N. L. Jennings, Louis E. Reynolds, J. G. M. 
Connally, J. D. Simpson, J. A. Shepard, John A. Barrett, W. Schlombs; 
Stewart E. Padfield, Bayse N. Westcott, Arthur J. Howard, Frederic H. 
Reed, Robert S. Orr, Fred F. Paulsell, William Brophy, P. P. Spaulding, 
G. Henry Hill, George H. Usher, T. K. Arunachela-Iyer, F. W. Roebling, 
H. J. Bildhauser, J. H. Steele. | 
Total deaths, 48. 

Finance Committee—The following correspondence and financial 
statements form a complete summary of the work of the Finance Commit- 
tee of the year. | | 
New York, May 10, 1917. 
Board of Directors, 

American Institute of Electrical Engineers. 
Gentlemen: 

Your Finance Committee respectfully submits the following report for 
the year ending April 30, 1917. 

During the past year the committee has held’ monthly meetings, has 
passed upon the expenditures of the Institute for various purposes and 
otherwise performed the duties prescribed for it in the Constitution and 
By-laws. Haskins & Sells, certified public accountants, have audited 
the books, and their certification of the Institute finances follows. 

In company with your Secretary, and a representative of the firm of 
accountants, the committee has examined the securities held by the In- 
stitute and finds them to be as stated in the accountants’ report. 

It is gratifying to note that notwithstanding the unusual conditions 
that have prevailed during the year, it has been possible to continue all 
the activities of the Institute without curtailment and, as indicated in 
the accompanying auditors’ report, the financial affairs of the Institute 
are in a very favorable condition. 


Respectfully submitted, 
(Signed) J. FRANKLIN STEVENS, 
Chairman, Finance Committe. 
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‚ HASKINS & SELLS 
CERTIFIED PUBLIC ACCOUNTANTS 


K SAN FRANCISCO 
аа ЗО BROAD STREET LOS ANGELES 
ST. LOUIS NEW YORK DENVER 
CLEVELAND ATLANTA 
BALTIMORE i WATERTOWN 
PITTSBURGH LONDON 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


CERTIFICATE 


We have audited the books and accounts of the American Institute of 
Electrical Engineers for the year ended April 30, 1917, and 

We HEREBY СЕкт!ЕҮ that the accompanying General Balance Sheet 
properly sets forth the financial condition of the Institute on April 30, 
1917, that the Statement of Income and Profit and Loss for the year ended 
that date is correct, and that the books of the Institute are in agreement 


therewith. 
HASKINS & SELLS, 


Certified Public Accountants. 
NEW YORK, 


May 12, 1917. 
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AMERICAN INSTITUTE OF 


EXHIBIT А. GENERAL BALANCE SHEET 
: ASSETS. 
LAND AND BUILDING: 
Interest in United Engineering Society's Real Estate, No. 
25 to 33 West 39th Street: 


Land (One-third of Сов4).................................. $180,000.00 
Building. uL И EAE tiae ds qs. 353,346.61 
Total Land and Building........................ eee $533 346.61 
EQUIPMENT: 
Library—Volumes and Fixtures. Залы РАДЫ Cu ad Sedans $ 39,879.80 
Works of Art, Paintings, ебс............................... 3,001.35 
Office Furniture and Еіхімгев.............................. 11,470.06 
“ГОЁВ! 254255 xau S ERU ал ага лиг ОТЫ аг аша $54,351.21 
Less Reserve for Рертесіабоп............................ 8,104.78 
Ветаіпдег-Едшіртепі............................ $ 46,246.43 
INVESTMENTS: 
Bonps—City of Wilmington, Delaware, 4:4 9%, 1934, Раг 
O15 000 uo coe ace Prada ud o doas f ae ea uae Е Bro VAS xe $ 15,886.33 
WORKING ASSETS: 
Publications entitled "Transactions," etc. .................. $ 12,884.25 
Paper and Cover Paper ................................. 1,173.85 
Баай sos erue beer ve ы VPE UA deas "MEE 647.15 
Total Working Аввебе............................... $ 14,705.25 
CURRENT ASSETS: 
Саеһозодауоа РА ТЕН ДЕРТТЕР СА ТАРЕ Рр % 11,291.95 
Accounts Receivable: 
Members for Past PD 9,635.06 
Advertisers осы ауа атырға лы ees 494.20 
МїзсеПапеом.......................................... 569.72 
Due from Societies Affiliated in National Defense Movement . 653.77 
Accrued Interest on Іпуевіппеп(........................... 56.25 
Accrued Interest on Bank Ваһапсев......................... 172.34 
Total Current Аввейв............................... $ 22,873.29 
FUNDs: 5 
Life Membership Fund: 
В аа $ 438.67 
Chicago, Burlington & Quincy Railroad Company 
Bonds, 4%, 1958, Par $5,000................ 4,868.75 
Accrued Interest. 0. oso late cane e E RA 33.33 


| $ 5,340.75 
International Electrical Congress of St. Louis— 
Library Fund: 


Саз! оова есте cba edo М iod o $ 850.59 
New York City Bonds, 4%%, 1957, Par 
$2.000.00.................................. 2,255.09 
Accrued Interest ........................... 45.00 3,150.68 
MAILLOUX FUND 
Саб ате mC-——ÓU— $ 122.35 
New York Telephone Company Bond, 41295, 1939 1,000.00 
Accrued Interest ........................... 22.50 1,144.85 
Midwinter Convention Fund—Cash................ 95.80 
Total Ейпбв......................... EE $ 9,732.08 
Dues PAID IN ÁDVANCE—INTERNATIONAL ELECTROTECHNICAL 
COMMISSION, LONDON, ЕмсіАмр........................... 750.00 
ЧОН аса ынаны da es studia EE Up ee en aret $643,539 99 
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ELECTRICAL ENGINEERS 
APRIL 30, 1917. 


LIABILITIES. 
CURRENT LIABILITIES: 
Accounts Payable—Subject to Approval by the Finance 


Committee ines Cres қаз a л ШЕГЕ xai ad $ 8,383.29 
Dues Received in Advance ............................... 2,097.69 
Entrance Fees and Dues Advanced by Applicants юг Member- 
СО оо ды OE Me алысты deua аа ТТІ 310.50 
ОРИК $ 10,791.48 
Тим RESERVES: 
Life Membership Ғипдй.............................. "re $ 5,340.75 
International Electrical Congress of St. Louis— Library Fund.. 3,150.68 
Mailloux Ёиппд.............................. E idc D NE 1,144.85 
Midwinter Convention Ғипа............................. 95.80 
| Total Fund Вебегуев............................... $ 9,732.08 
SuRPLUS: Per Exhibit “В”................................. $623,016.43 


кезе аға арқала аа алы а see ae $643,539 . 99 
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AMERICAN INSTITUTE OF 


EXHIBIT А. GENERAL BALANCE SHEET 
| ASSETS. 
LAND AND BUILDING: 
Interest in United Engineering Society's Real Estate, No. 
25 to 33 West 39th Street: 


Land (One-third of Совб).................................. $180,000. 00 
Вапай@ оос гэл Oe О ШИ s ео 353,346.61 
Total Land and Building........................ ees. $533,346.61 
EQUIPMENT: . 
Library—Volumes and Еіхімгев............................ $ 39,879.80 
Works of Art, Paintings, ейс............................... 3,001.35 
Office Furniture and Еіхімгев.............................. 11,470.06 
Total os sisse d s waces a adt ed ооо $54,351.21 
Less Reserve for Рергесізйоп............................ 8,104.78 | 
Remainder—Equipment........ И Е $ 46,246.43 
INVESTMENTS: 
Bonps—City of Wilmington, Delaware, 414%, 1934, Par 
315.000; «ouod ed pa xp лак e NUM Ors ee Gf eire SUR $ 15,886.33 
WORKING ASSETS: 
Publications entitled "Transactions," etc. .................. $ 12,884.25 
Paper and Cover Paper ................................. 1,173.85 
Badges. ое Rr E tages 647.15 
Total Working Ав5е45............................... $ 14,705.25 
CURRENT ASSETS: i 
Casas oops dud eu ce ee Beal O e Amet a o dd $ 11,291.95 
Accounts Receivable: 
Members for Past Dues, o ooo evt за ты ЗЕ 9,635.06 
Аагий be а ыы б малымды qoa ma V eU ба 494.20 
Miscellaneous................. er Cr Ore од КҮ Г С 569.72 
Due from Societies Affiliated in National Defense Movement . 653.77 
Accrued Interest on Іпуевітеп(в........................... 56.25 
Accrued Interest on Bank Вајапсеѕ......................... 172.34 
Total Current Авве(в............................... $ 22,873.29 
Есмрв: : 3 
Life Membership Fund: 
Сави ic аи Wes nam s Ree eR Ma aus $ 438.67 
Chicago, Burlington & Quincy Railroad Company 
Bonds, 4%, 1958, Par $5,000................ 4,868.75 
Acerüed Interest. еее е CE AE. 33.33 


$ 5,340.75 
International Electrical Congress of St. Louis— 
Library Fund: 


И E ad RR d s $ 850.59 
New York City Bonds, 4%%, 1957, Par 
32:000:00: оо аа ынды hl 2,255.09 
Accrued Interest ........................... 45.00 3,150.68 
MaiLLOUX FUND: 
ООР aw ESOS Mt dicare Se tois $ 122.35 
New York Telephone Company Bond, 44%, 1939 1,000.00 
Accrued Interest ........................... 22.50 1,144.85 
Midwinter Convention Fund—Cash................ 95.80 
Total 13115164 И e aea cts $ 9,732.08 
Dues PAID IN ADVANCE—INTERNATIONAL ELECTROTECHNICAL 
COMMISSION, LONDON, ЕмсіАмр........................... 750.00 


РА Се $643,539.99 
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LIABILITIES. 
CuRRENT LIABILITIES: 
Accounts Payable—Subject to Approval by the Finance 


Сеннен ovv V os НР $ 8,383.29 
Dues Received in Advance ............................... 2,097.69 
Entrance Fees and Dues Advanced by Applicants for Member- 
Єр сок, ресе за xe iu dee iun ce ud БАҒЫТ аса 310.50 
Total Current ІлаБ11йев............................ $ 10,791.48 
FUuND RESERVES: 
Life Membership Ғипй.............................. (TRE $ 5,340.75 
International Electrical Congress of St. Louis—Library Fund.. 3,150.68 
Mailloux ЕЁппд.............................. мэтэ” 1,144.85 | 
Midwinter Convention Ғапа............................. 95.80 
| Total Fund КБезегуез............................... $ 9,732.08 
SURPLUS: Per Exhibit “В”................................. $623,016.43 
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AMERICAN INSTITUTE OF 


EXHIBIT А. GENERAL BALANCE SHEET 
: ASSETS. 
LAND AND BUILDING: 
Interest in United Engineering Society's Real Estate, No. 
25 to 33 West 39th Street: 


Land (One-third of Совб).................................. $180,000. 00 
Вох 353,346.61 
Total Land and Вайдіпр........................... $533,346.61 
EQUIPMENT: А 
Library—Volumes and Еіхімгев............................ $ 39,879.80 
Works of Art, Paintings, есс............................... 3,001.35 
Office Furniture and Біхімгев.............................. 11,470.06 
Total cvy ved rn VIDERER n NCC а eit ашы $54,351.21 
Less Reserve for Рертгесіабіоп............................ 8,104.78 
Кетдіпдег--Есцчіртепі............................ % 46,246.43 
INVESTMENTS: 
Bonps—City of Wilmington, Delaware, 444%, 1934, Par 
$15.000 о aed О Urn Ee a ғана ee $ 15, 886.33 
WORKING ASSETS: 
Publications entitled ‘‘Transactions,” etc. .................. $ 12,884.25 
Paper and Cover Paper ................................. 1,173.85 
Badges е тонн T den RP ыу ыра 647.15 
Total Working А5вебв............................... $ 14,705.25 
CURRENT ASSETS: | 
Саби о ERU PROP ЛУГУ Г ОТТУГО $ 11,291.95 
Accounts Receivable: 
Members for Past Пиев................................. 9,635.06 
Жатетиветбыы аулан сыры к vh Cer dete PRO арады 494.20 
Miscellaneous................. РТО 569.72 
Due from Societies Affiliated in National Defense Movement . 053.77 
Accrued Interest on Іпуевітпепів........................... 56.25 
Accrued Interest on Bank Ваһапсев......................... 172.34 
Total Current Аз еї$............................... $ 22,873.29 
FUNDS: ` 
Life Membership Fund: 
Caso ааа cd re occ e ba Su a оо $ 438.67 
Chicago, Burlington & Quincy Railroad. Company 
Bonds, 4%, 1958, Par $5,000................ 4,868.75 
Accrued Іһ4етесі............................. 33.33 


| ‚$ 5,340.75 
International Electrical Congress of St. Louis— 
Library Fund: 


(88: «Хаалга Reba Ves etai an eld а атын $ 850.59 
New York City Bonds, 41406, 1957, Par 
$2,000 ОО, еуез ХУ eae oen 2,255.09 
Accrued Interest ........................... 45.00 3,150.68 
MAILLOUX FUND: 
Сав seas aad КОКА КЕ Ne EU p E $ 122.35 
New York Telephone Company Bond, 44%, 1939 1,000.00 
Accrued Interest ........................... 22.50 1,144.85 
Midwinter Convention Fund—Cash................ 95.80 
Total Ғап46......................... ЭРЭ ТЭ ink eaten $ 9,732.08 
Dues PAID IN ADVANCE—INTERNATIONAL ELECTROTECHNICAL 
COMMISSION, LONDON, Емсілмр........................... 750.00 


GEA ГК sas Л ОО t bdo ОЛ ОГЛ ndis С $643,539.99 
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ELECTRICAL ENGINEERS 
APRIL 30, 1917. 


LIABILITIES. 
CURRENT LIABILITIES: 
Accounts Payable—Subject to Approval by the Finance 


Committee. crx utis ion Ros dk ае AIR TU ХЕ $ 8,383.29 
Dues Received in Advance ............................... 2,097.69 
Entrance Fees and Dues Advanced by Applicants for Member- 
еее 310.50 
Total Current ЇлаЬр111168..................«..-«««у.«... $ 10,791.48 
“Еомр RESERVES: 
Life Membership Рип4а.................................... $ 5,340.75 
International Electrical Congress of St. Louis—Library Fund. 3,150.68 
Mailloux Ёппд..............................»............ 1,144.85 
Midwinter Convention Биапа............................. 95. 80 
| Total Fund Весегуев............................... $ 9,732.08 
SuRPLUS: Per Exhibit “В”................................. $623,016.43 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


STATEMENT OF INCOME AND PROFIT AND Loss 


For THE YEAR ENDED APRIL 30, 1917 


. EXHIBIT B. 


REVENUE: 
Entrance Ре: о setate o pce obe кезе ЖЫЙ Өф awed $ 5,207.00 
18157 c pP PTT TC 92,177.08 
Student's Dües. oos oce ee ар ы АМ RO ШУЫ 4,989.00 
Traânster Tr D"-——————————À 705.00 
Advertising ассыз оман oves Oe ас узэл ЫЗА 7,162.20 
Subscriptions. er oa osu tant А Ы е dien 3,147.55 
Sales of “Transactions,” еіс............................... 2,782.33 
Badges бо!а................................... $2,283. 00 
Less Соз{...................... „КККК Г 1,966.11 
—————— 316.89 
Interest on Іпуевітеп(ів................................... 675.00 
Interest on Bank Balances................ ode posu d eoe Sr p 650.33 
Exchange. lioe ew eS ы ЙЫ A dS UP PE 31.30 
ое $117,843.68 
EXPENSES: 
Meetings and Papers Committee: 
Salaries, Editorial берагбтепі........................... $ 5,944.16 
Paper and Cover Рарет............................. ТТТ 3,665.55 1 
Engraving Ртосеедіпдв.................................. 1,587.49 
Printing Proceedings. (2o vos а EL ee ee eRe 6,715.61 
Binding and Mailing Ртосеейіпрв......................... 3,880.60 
ЕлуебребіссісерсрФу дарды а eet deem wai se am Sb 823.44 
Stationery and Miscellaneous Ртіпбіпр.................... 79.75 
General Ехреп$е$...................................... 87.18 
Меен онн state ute tad ard тээнэ 5,596.98 
National Meeting, Мау 16, 1916......................... 1,419.89 
Joint Meeting—American Association for the 
Advancement of ӛсіепсе............................... 169.50 
Volume No. 33. Transactions ........................... 15.01 
Volume No. 34. ылымдар та тола Қала БАН 14,514.21 
Volume No. 35. и аса e ое 1,824.84 
Quoc 2510 CSI ————— ММ ШЫ ҰЗ $ 46,324.21 
Deduct Increase in Inventory of Publications: 
Ё May 1, 1016... voe EINE ieee DUE $10,908.50 
April 30; 19 If oo er MERERI E C xc pe E алау 12,884.25 1,975.75 $ 44,348.40 
Executive Department: 
а ‚..$ 17,299.00 
General Ехрепзе$...................................... 2,550.81 
United Engineering Society—Assessments................. * 4,800.00 
EXDPeSS. cu vaa ао 294.54 
POSUBBe oe еа tesa Gu dm pu ие 2,047.80 
AUVertisInpe iun el vr ашы epe bos vsu autas 2,149.47 
Stationery and Miscellaneous Ргіпііп .................... 3,516.45 
Year Book апа Саїа1ойце............................... 3,103.32$ 35,761.39 
БЕовмавр..................... $ 80,109.85 
REVENUE—(Forward)......... ТУТОР ЖЕНГЕН лын ЕТІНЕ $117,843.68 
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КЕУЕМПЕС-(Еоғтағауы v oeste Werk IPSA DR quu eR EN REESE SEE $117,843. 68 
EXPENSES—(FPorward).. аа $ 80,109.85 
Sections Committee: 
Section: Меейїпөз....................................... $ 5,938.51 
Branch Мееїіпв5...................... TCR EE 183.10 
Delegates’ Convention Ехрепѕеѕ......................... 1,436.92 
Salaries, New York Осе. .............................. 2,340.00 
Stationery and Printing, New York Office................. 672.30 
Express оп Advance Соріев.............................. 26.13 $ 10,596.96 
General: 
Library Assessment, United Engineering Society........... $ 4,000.00 
Membership Сотпатп1ее................................. 1,051.44 
Finance СоттїНее..................................... 150.00 
Standards Сот  ее................................... 718.52 
Code Committee ена ен а аара 30.00 
ə National Defense Сотттіїѓее............................ 803.24 
Pan American Engineering Соттіїќее.................... 25.00 
Constitutional Revision Сотта! 6ее....................... 73.35 
International Engineering Congress, 1915,................. 1,800.00 
Annual Dues, International Electrotechnical Commission.... 250.00 
John Fritz Medal Амага............................... 109.20 
President's Special Арргортіаіоп......................... 341.92 
Salary and Traveling Expenses, Honcrary Secretary........ 4,421.28 13,833.95 
ЫБ Ко ИШ а ао ee ar vea $104,540.76 
Add: 
Increase in Accounts Payable—Subject to Approval by the 
Finance Committee, Expenses Undistributed at: 
May 1 ЛО быз реа aetate ARE Dt ейін ЖҚ $ 7,146.64 


April 30, 1917, not including Liability of $708.20 incurred 
for Account of Societies Affiliated in National Defense Move- 


т анд аа А е АРЫ аа А 7,675.09 528.45 
Total Ехрепве$........................... $105,069.21 
NET REVENUE. 2:2: ронса отео аан оао dD Me ew Ok $ 12,774.47 
PRorriT & Loss CREDIT—Accessions to Library Volumes and Fixtures. ........ 662.50 
GROSS SURPLUS FOR THE ҮЕАВ.......................................... $ 13,436.97 
PROFIT а Loss CHARGES: 
Uncollectible Dues Written ОЙ............................. $ 3,051.00 
Provision for Depreciation of Furniture and Fixtures. .......... 1,329 65 
Amortization of Premium on City of Wilmington, Delaware, - 
444% Bonds of 1934.................................... 52.50 
ТОСА ана АУ наста 4,433.15 
NET SURPLUS FOR THE ҮЕАВ........................................... $ 9,003.82 
SuRPLUS, May 1, 1916............... О Е 614,012.61 
SURPLUS, APRIL 30, ПОТ. ose eA S нане иа ER о ба $623,016.43 


х 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


STATEMENT OF CASH RECEIPTS AND DONATIONS FOR DESIGNATED PUR- 
POSES. ALSO DISBURSEMENTS, FOR THE YEAR ENDED APRIL 30, 1917. 


EXHIBIT C. 
RECEIPTS: 
Life Membership Ғапа............................................. | $365.86 
International Electrical Congress of St. Louis Library Fund—Interest 
aud КО uve WERE а ӘТЕР ДН А долы NP нА 94.20 
Mailloux Ёипа—-1Їпїегезї%........................................... 45.00 
Midwinter Convention Ғапа-Іпгегебі............................... у 3.16 
оо АКЕ ааа eae ES $508.22 
DISBURSEMENTS: 
Life Membership Ғапйа............................................. 277.08 
Mailloux Енпа:: аа ex EA ала Tos 26.75 
Midwinter Convention Рапа,,...................................... 66.29 
ТОҒА; 52 ЗЫ КЕКЕТУ АЛДЕ АНЫ OCA SIUE dE ane ire $370.12 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 


During each fiscal year for the past eight years. 


Year ending April 30....... 1910 1911 1918 1913 1914 1915 1916 1917 
Membership, April 30, each 

NAT cona a No ID oe ТАҒА 6681 7117 7459 7654 7876 8054 8212 8710 
Receipts рег Member...... $13.35 $13.37 $13.19 $13.45 $14.08 $14.06 $13.62 $13.30 


Disbursements per Member 12.03 11.03 12.44 15.57 12.86 13.54 13.74 12.75 


Credit Balance per Member $1.32 $2.34 $ .75 *$2.12 $1.22 $ .52 *$ .12 $.55 
* Deficit. 


Respectfully submitted for the Board of Directors, 


Е. L. HUTCHINSON, Secretary. 
New York, May 18, 1917. 


To be presented at the 34ih Annual Convention of 
the American Institute of Electrical Engineers, 
Hot Springs, Va., June 28, 1917. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


FORMS OF ELECTRIC POWER BEST SUITED FOR THE 
VARIOUS LOADS ENCOUNTERED IN THE OPERATION 
OF BITUMINOUS COAL MINES. 


крик 


ВУ В. Г. KINGSLAND . 


ABSTRACT OF PAPER 


The best form of power to be used in coal mines for drilling, 
cutting, hauling, pumping, lighting and ventilation, Syn- 
chronous converters versus motor-generator sets. Location of 
generating plant and substations. 


HIS paper is intended to deal entirely with the practical 
application of electric power to bituminous coal miming. 
There are two general forms of electric power available; al- 
ternating current and direct current. With alternating current 
we have two standard frequencies; $.е. 25 and 60 cycles, and 
with both alternating and direct current we have many standard 
voltages. 

In the question of frequency the writer is much ш favor of 
60 cycles. This has become more and more the standard fre- 
quency for central stations. There used to be some advantages 
of 25 cycles for rotary-converter work, but this has been cut 
down until today the 60-cycle machine is considered the equal 
of the 25. This choice of 60 cycles can be further justified by 
noting that in selecting motors for various mine services to 
operate between the speed limits of 300 and 3600 rev. per min. 
we have the choice of 12 speeds in “Зе case of 60 cycles and only 
5 in the case of 25 cycles. 

Different voltages are more easily obtained with alternating 
current than with direct current due to transformers. Тһе 
rated voltage on a-c. machines may be misleading from a safety 
standpoint. "This rated voltage is the effective voltage; whereas 
the peak, or maximum instantaneous voltage, is equal to almost 
one and one half times the average value. Thus a person 
coming in contact with an a-c. 300-volt line could receive 423 
volts while with a d-c. line he could receive only 300 volts. 

The question of transmission is one of the most important in 
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connection with coal mining. If complete copper circuits are 
used, 3-phase 3-wire alternating current with unity power factor 
requires only three-fourths the copper that direct current of the 
same voltage does. In actual practise, however, in bituminous 
coal mining work under ground, the nature of the load is such 
that more copper 1$ required for a 3-phase a-c. circuit than for 
a d-c. circuit of the same voltage. This is largely due to the 
lagging power factor caused by induction motor load. It is 
common practise in d-c. transmission underground, to use the 
rail for the return circuit. In the case of 3-phase alternating 
current the rail may be used in place of one of the wires. In 
this case the total feeder wire for alternating current unity power 
factor and direct current would be exactly the same for the same 
voltage drop. Actual conditions, however, іп this case require 
even a larger excess of copper for the alternating current than 
where complete copper circuits are used. 

What is known as low voltage is steadily increasing in favor 
for portable machines used under ground. This includes а 
maximum voltage of 300, with a 10 per cent divergency factor al- 
lowed. In other words the actual maximum voltage at any 
point on the lines cannot be in excess of 330 volts to come within 
what is termed low voltage. For stationary machines, medium 
or even high voltages can be used to advantage, and safely, if 
proper protection is afforded. 

To summarize the writer favors the use of direct current or 
3-phase 60-cycle a-c. power at 330 volts or less for all portable 
machines under ground and considers that stationary machines 
should be treated individually. 

When considering the separate classes of motor-driven ma- 
chines it is well to keep іп mind some of the principal charac- 
teristics of the most commonly used motors; 4.6. the d-c. shunt 
and compound motors and the a-c. squirrel-cage induction motor. 
For our purposes these are all used as constant-speed motors. 
In the d-c. motors the speed varies almost directly with the 
voltage while with the a-c. the speed is practically independent 
of the voltage and depends on the frequency. Тһе torque of 
the d-c. motors varies almost directly with the voltage, but in 
the a-c. induction motor the torque varies with the square 
of the voltage. As an example if we had one-half rated 
voltage on a d-c. shunt motor we would have one-half torque, 
while with one-half voltage on a squirrel-cage induction motor 
we would only have one-fourth the torque. This is a good 
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point to keep in mind when considering a-c. motors for portable 
machines under ground. 

For under ground distribution only two classes of copper 
conductors have been found practical—bare, and lead covered 
steel armored. Other forms of insulation can not be depended 
upon for any length of time, and are therefore not as safe as no 
insulation. 

In order to cover all classes of load each will be taken up in 
turn. First we will consider the under ground loads, and then 
the surface loads. 

The machine most used for cutting coal today 1s that known 
as the chain machine. The squirrel-cage induction motor 1$ 
ideal for driving this machine, provided the proper voltage can 
be supplied to it. Shunt ог compound-wound d-c. motors are 
more frequently used for reasons which will appear later. 

Drilling machines used for making the shot holes are made in 
various types, some of them being driven by the same motors 
that run the cutting machines, and some by separate motors. А 
constant-speed motor is required, and high starting torque is not 
necessary. 

Several types of coal loading machines have been developed, 
but none of them have come into general use as yet. Motors 
for these require the same characteristics as for coal cutting 
machines. 

Combination coal cutting and loading machines are being ex- 
perimented with, but they do not appear to be even as far ad- 
vanced as the loading machines. Constant-speed high starting 
torque motors are also required for their operation. 

One of the main factors іп determining the form of electric 
power to use under ground in large mines 15 haulage. Мо 
practical means has been developed for heavy haulage by the 
use of alternating current and we are therefore limited to direct 
current. Нашаре may be divided into three classes; trolley 
locomotive, storage battery locomotive, and stationary hoist. 
For trolley locomotives d-c. series motors have proven by far 
the most practical. For battery locomotives the same is, of 
course, true.  Forstationary hoists much depends on the amount 
of load, the distance from power source by way of the mine 
workings, and the distance from the surface. More will be said 
of this later. | 

Pumps used in mines can be placed in two classes—those used 
for gathering the water to one or more central points, and those 
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used to remove it from these central points to the surface. For 
the smaller pumps, or those coming under the first class, it is 
obvious that the same form of power should be used as is used 
for cutting, drilling and loading. The larger pumps will be 
treated with stationary hoists. 

Lighting under ground can be most easily хон ШЫНЫҢ by 
the power that is used for other purposes where the lights are 
required. That is, it is not worth the extra installation and 
maintenance expense to string separate lighting lines through 
a mine. Іп the case of shaft mines or slope mines it is some 
times advisable to install separate circuits for the lighting where 
trips of coal are landed, and where the empty trips are made up. 
Tungsten lamps are the most economical lamp available for the 
size units required under ground. It has been the writer's ех- 
perience, however, that these lamps do not give satisfactory 
services on voltages above 125 in sizes smaller than 200 watts. 
For use on 250 or 300-volt service I have found the carbon fila- 
ment lamp to give the best results. 

For concentrated loads of 100 horse power or over such as 
hoists, pumps, and underground substations I have found sepa- 
rate lead-covered steel-armored cables leading direct from the 
surface through special bore holes very satisfactory for supplv- 
ing alternating current at voltages up to 11,000 star. Such 
cables are practically indestructable. For centrifugal or plunger 
pump installations constant-speed induction motors of the bore 
hole cable voltages can be used with perfect safety as there are 
no exposed contacts. Hoists can be treated in the same way and 
where necessary current-limiting devices can be applied so as to 
cut down the peak load. For under ground substations it is 
generally advisable to transform down to the required voltage 
in the substation room, in case synchronous coverters are used. 
For motor-generator sets this is of course unnecessary. | 

The question of the relative merits of synchronous converters 
versus motor-generator sets, while not closely related to the 
question of selecting the best form of power, 1$ of considerable 
importance to mine operators. Тһе principal advantages attrib- 
uted їо the motor-generator set are higher power factor and 
closer voltage regulation. Тһе advantages of the synchronous 
converters are lower first cost, small space occupied, and higher 
efficiency. The writer favors the synchronous converter be- 
cause he has found that its advantages outweigh those of the 
motor-generator set in practise. I have operated a central plant 
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having а mine load only, consisting of twenty five mines, where 
svnchronous converters were used for supplying all d-c. power, 
and induction motors for fans, pumps, etc.; and where the power 
factor was ninety eight per cent lagging on peak loads, and 
never went below ninety per cent. I have found that the latest 
design of synchronous converters will carry momentary over- 
loads of two hundred per cent and that motor-generator sets 
are not good for over one hundred per cent overload. The d-c. 
voltage at the substations was practically ‘constant. When 
installing a substation inside a mine the smaller space necessary 
for the synchronous converter will be found to be of great ad- 
vantage. It is easier to prevent squeezes from above and below 
with a small room than with a large one. 

In locating a pumping station the possible location of a sub- 
station adjacent to it should not be lost sight of. This often 
means materially better voltage conditions for cutting and haul- 
ing coal without increased labor cost. The same man can 
operate the substation and the pump station. 

In a great many bituminous coal mines ventilation is of first 
importance. For this reason we should have the most reliable 
ventilating equipment. As the squirrel-cage induction motor is 
the most rugged, as well as the simplest form of electric motor 
made, it lends itself especially well to this class of work. Through 
experience I have found that this type of motor gives entire 
satisfaction. In cases where it is advisable to reduce the volume 
of air delivered to a mine for certain periods, in order to save 
power or for some other reason, a two-speed motor of the same 
type can be used to advantage. Changing the speed of the fan 
from time to time as mine workings progress can be accomplished 
by changing the pulley sizes for a belted fan or the sprocket 
sizes for a chain driven, or geared fan. My own opinion favors 
belt drives as these relieve the motor from the cut off blows of 
the fan. In case a-c. power is not available for fan drives shunt 
motors should be used, but commutators prevent their giving 
the same reliable service as the induction motor. 

In the preparation of coal one of the principal difficulties that 
motors encounter is fine dust, and plenty of it. The totally 
enclosed squirrel cage, or where service requires it, the wound- 
rotor induction motor meets this condition most successfully. 
In either case, it is preferable to have a totally enclosed motor. 
Totally enclosed compound-wound motors should be used if 
alternating current is not available. 


572 KINGSLA ND: POWER IN COAL MINES [June 28 


Shop drives and lighting can be classed together because both 
of these should depend on the primary source of power. They 
should not depend on the operation of any more machinery than 
is absolutely necessary. Lights will be required when every- 
thing else about a mining plant is closed down, and shop opera- 
tions will also be required when all other equipment is at a stand 
still. 

In conclusion I would say that for large mines the most 
practical power for the main supply would be three phase sixty 
cycles at a voltage high enough to reach all necessary points 
with a loss of not over ten per cent of the power delivered. This 
allows the use of a-c. motors and lights on the surface and also 
wherever they сап be used to advantage under ground. буг- 
chronous converters delivering 300 volts direct current can be 
installed on the surface and under ground, as best suits the con- 
ditions; and by their use the amount of copper required inside 
a mine can be kept at a minimum. 

If d-c. power is generated 1t is not economical and often not 
practical to install several small generating stations. The ob- 
taining of fuel and water often present difficulties. Therefore 
the d-c. power plant is generally located near the tipple. This 
means that power сап be fed only one way to the mine. With 
substations located so as to feed power to the load in two di- 
rections, only about one fourth the copper is necessary for the 
same length of line and the same voltage drop. 

For small mines where locomotive haulage can not be used 
to advantage, alternating current may be used to advantage for 
mining machines and pumps. This is especially true if alternat- 
ing current is available from a central station. 


То be presented at the 34th Annual Convention of 
the American Institute of Electrical Engineers, 
Hot Springs, Va., June 28, 1917. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


A NEW ELECTRIC MINE HOIST AT BUTTE, MONTANA 


BY R. S. SAGE 


ABSTRACT OF PAPER 


A description of equipment in connection with a recent 
Ilgner- Ward Leonard hoist installation at the Elm Orlu Min- 
ing Company, Butte, Montana. This installation is one of the 
two largest of this type in operation in this country. 

Complete data on two sets of tests; the first conducted to 
analyze a typical day's run and the second to determine efficiency 
while hoisting under known conditions. 


GENERAL 


URING the past year and a half, a period to be remembered. 

for its tremendous industrial activity, extraordinary prog- 

ress was made in the field of mine electrification; and in par- 

ticular in the electrification of mine hoists of more than average 

capacity and importance, and for whose operation the highest 

type of electrical system was demanded. This progress extended 
to both the coal mining and the metal mining fields. 

Illustrative of the extent of this progress, it may be said that 
the number of Ward Leonard and Ilgner-Ward Leonard hoist 
equipments which will have been put into operation in this 
country during the two years of 1916 and 1917 will equal the 
total number operating prior to 1916, and the aggregate horse- 
power capacity will be 50 per cent greater. 

А recent Ilgner-Ward Leonard hoist installation of considerable 
interest is that at the mine of the Elm Orlu Mining Company 
at Butte, Montana. This equipment has been in regular pro- 
ductive operation since the first week of last February having 
been put into commission to replace an old steam hoist at that 
time. This type of hoist but recently made its appearance іп 
the Butte district, and the present installations are but fore- 
runners of many electrifications which will undoubtedly be made 
in the near future. 

This equipment is of interest, first, because of its capacity, 
it being one of the two largest of this type in operation in this 
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country, and, second, because of its unusual smoothness of 
operation, simplicity and ease of control,it being so noted through- 
out the Butte camp. 

A series of tests under operating conditions were carried out, 
‚Ше results of which, together with a description of the equip- 
ment are given herein. 

The hoisting equipment is installed in a very stibstantial brick 
building of one room, the motor-generator set with flywheel, the 
slip regulator and the switchboard occupying all of one end. 
Views of the hoist and motor and the power set are given in 
Figs. 1 and 2. The building is exceptionally well lighted, both 
by day and by night, and there is a particular absence of crowd- 
ing and congestion. Two 20-ton* hand-operated traveling cranes 
provide adequate capacity for the handling of the heaviest parts. 


Duty 


As is well known, for the driving of large high-speed shaft 
hoists, considerations of accuracy of control and safety of oper- 
ation necessitate the use of equipments operating on the Ward 
Leonard system. This system combined with a flywheel for 
load equalization, commonly known as the Ilgner-Ward Leonard 
system, is necessary wherever the conditions of power supply 
require it. In this instance, as for the majority of equipments 
of this character, flywheel equalization was imperative, as the 
reservation charge is based on the maximum instantaneous 
demand. For this reason, flywheel capacity was supplied suf- 
ficient to completely equalize the maximum duty cycle met in 
balanced hoisting from the deepest level. 

The shaft has been sunk to a depth of 1800 ft. (548.6 m.), 
and ore is being hoisted regularly from the 1100, 1200, 1300, 
1400, 1500 and 1800-ft. (335.2 m. to 548.6 m.) levels. Ulti- 
mately, the ore will be taken from a seam 3500 ft. (1006 8 m.), 
below the surface. 

The general characteristics of the hoist are as follows: 


Inclination of shaft with horizontal........ 90 deg. 

Present maximum lift................... 1800 ft. 

Ultimate 5 ое окей 3500 ft. 

Weight of skip and man cage............. 11,000 1b. (4989 kg.) 
Weight of ore per %пр................... 10,000 1b. (4535 kg.) 
Weight of one горе (3500 ft.)............. 12,500 1b. (5669 kg.) 
Maximum speed of skip during hoisting.... 2,500 ft. per min. 
Diameter of саМе....................... =- 1.5 in. (881 mm.) 
Weight of cable, рег #00+................. 3.55 lb. (1.58 kg.) 


* One short,ton — 0.9 metric ton. 
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Drums—cylindrical—double-clutched. 
Diameter of Агатпв...................... 10 ft. (3 m.) 


WR? of drums 


TUM 3,600,000 Ibs. ft. 


Maximum hourly tonnage (2000 15.) 3500 
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SECONDS 


Fic. 3—CALCULATED Hoist Duty CYCLES 


The calculated cycles of duty for the 


various levels, upon 


which the capacity of the electrical equipment was based, are 


shown in Fig. 3. 


It is practically impossible to exactly predict 


the actual operating schedule in this class of service, but to 
insure continuity of service, the most important consideration 
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in installations of this kind, the first requisite is that the driving 
machinery have a safe margin of capacity. А heating guaran- 
tee of 40 deg. cent. rise for all parts of the electrical equipment 
was therefore made, for continuous operation, when hoisting 
the specified hourly tonnage from any level. Тһе efficiency 
curves for the various machines are given in'Fig. 4. 

The estimated limits of demand from the power supply for 
the various levels were as follows: 


1500 ft. level............... 650 kw 
2400. * “еее 760 kw. 
5 оол 865 kw 
100% | 75% | 50% | 25% |Per cent. of maximum hourly | 
tonnage i 
267 200 133 67 Hourly tonnage | 
1500 4........ | | 
2.46 2.58 2.83 3.57 Kw-hr. рег ton | 
202 152 101 50.5 Hourly tonnage | 
2400 ft ———— | 
3.74 3.89 4.23 5.07 Kw-hr. per ton | 
155 116 77.5 38.7 Hourly tonnage | 
3500 ft......... x ------------ | 
5.54 | 5.75 | 6.17 7.45 Kw-hr. per ton | 
i 


The estimated overall efficiencies corresponding to the maxi- 
mum hourly tonnages are as follows:— 


1500 ft. level—overall шиний ...... 46.2 per cent 
МАЛА ТТТ” 48.8 рег cent 
85004 “-- * нэгт 47.7 per cent 


The hoist is also used for practically all of the hoisting of an 
unproductive character, such as handling waste, men, timbers 
and supplies, and the hoisting of ore is done simultaneously 
with this sort of work. 

The overall efficiency at which the ore 1$ РУТ that is, the 
ratio of the net work done in lifting a day's output of ore, to 
the kilowatt hours of electric energy used per day, 1s therefore 
much less than the figures given above. Тһе mine is still in 
the development stage so that the unproductive work 15 a large 
proportion of the total required of the hoist. 

At the present time the slip regulator is adjusted so as to 
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limit the demand to 400 kw., as this is sufficient for the present 
depths, and the present manner of hoisting. 


DESCRIPTION 


The hoist consists of two steel-plate drums 10 ft., іп diameter, 
grooved to hold 1900 ft. (579.1 m.) of 1.5 in. (38.1 mm.) steel 
cable per layer. The drums are mounted between three bear- 
ings, оп a single shaft which has an extreme length of 40 ft. 
(12.1 m.). Each drum 1$ provided with an axial-plate-type 
clutch and a parallel-motion post brake. The diameter of the 
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PERCENT LOAD 
Fic. 4—EFFICIENCY CURVES 


brake tread is 12 ft. (3.6 m.). The post brakes are made of 
structural shapes and steel plate to form a box girder. The 
brakes are released and the clutches operated by means of oil 
through cylinders with floating-level control, served by an oil 
accumulator in connection with a motor-driven triplex oil pump. 
А two horse power motor supplies all the power required for the 
brake and clutch engines. Тһе weights by which the brakes 
are set are in the form of cylinders moving vertically in guides 
formed by part of the brake engine. In addition to the regu- 
lation dial-type depth indicators, the drum flanges are extended 
to provide a surface for spotting marks. 
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in installations of this kind, the first requisite is that the driving 
machinery have a safe margin of capacity. А heating guaran- 
tee of 40 deg. cent. rise for all parts of the electrical equipment 
was therefore made, for continuous operation, when hoisting 
the specified hourly tonnage from any level. Тһе efficiency 
curves for the various machines are given in'Fig. 4. 

The estimated limits of demand from the power supply for 
the various levels were as follows: 
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The estimated overall efficiencies corresponding to the maxi- 
mum hourly tonnages are as follows:— 
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The hoist 1$ also used for practically all of the hoisting of an 
unproductive character, such as handling waste, men, timbers 
and supplies, and the hoisting of ore is done simultaneously 
with this sort of work. 

Тһе overall efficiency at which the ore 15 гс that is, the 
ratio of the net work done in lifting a day's output of ore, to 
the kilowatt hours of electric energy used per day, is therefore 
much less than the figures given above. The mine 1$ still in 
the development stage so that the unproductive work is a large 
proportion of the total required of the hoist. 

At the present time the slip regulator 15 adjusted so as to 
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limit the demand to 400 kw., as this is sufficient for the present 
depths, and the present manner of hoisting. 


DESCRIPTION 


The hoist consists of two steel-plate drums 10 ft., in diameter, 
grooved to hold 1900 ft. (579.1 m.) of 1.5 in. (38.1 mm.) steel 
cable per layer. The drums are mounted between three bear- 
ings, оп a single shaft which has an extreme length of 40 ft. 
(12.1 m.). Each drum is provided with an axial-plate-type 
clutch and a parallel-motion post brake. The diameter of the 
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brake tread is 12 ft. (3.6 m.). The post brakes are made of 
structural shapes and steel plate to form a box girder. Тһе 
brakes are released and the clutches operated by means of oil 
through cylinders with floating-level control, served by an oil 
accumulator in connection with a motor-driven triplex oil pump. 
A two horse power motor supplies all the power required for the 
brake and clutch engines. Тһе weights by which the brakes 
are set are in the form of cylinders moving vertically in guides 
formed by part of the brake engine. In addition to the regu- 
lation dial-type depth indicators, the drum flanges are extended 
to provide a surface for spotting marks. 
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The]bearings are all of the two-part typefprovided with gravity 
feed lubrication, in addition to oil rings. Sight-feed oil guages 
are provided for all the bearings. 

То the drum shaft is coupled an 1800-h.p., 80-rev. per min., 
525-volt, d-c. motor, front and side elevations of which are shown 
in Fig. 5. Тһе motor is supplied with two bearings, and sole 
plates; the armature shaft is 14 in. (36 cm.) in diameter 1n bearing 
by 11-ft. 5 in. (3.4 m.) long, and has a forged half-coupling for 
connection to a corresponding half-coupling on the drum shaft. 
The armature is 9.5 ft (2.8 m.) in diameter, while the outside 
diameter of the magnet frame is 14 ft. 5 in. (4.3 m.). Тһе motor 
has 16 main field poles, the coils being wound for 125-volt ex- 
citation, and has commutating poles to insure good commutation 
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Fic. 5—OvrLINE OF Horst MOTOR 


at the heavy overloads encountered in the service. The bearings 
in addition to being ring oiled, receive lubrication from the 
gravity feed oiling system. The extreme length of the hoist, 
with motor, is 51 ft. 9 in. (15.7 m.) zu 

The motor receives its power through a set, consisting of a 
generator driven by an induction motor, and a direct-coupled 
flywheel and exciter, shown in outline in Fig. 6. 

Тһе generator has a continuous capacity of 1300 kw., at 525 
volts, and in order to successfully commutate the heavy currents 
at the low voltages, it is equipped with commutating poles, and, 
in addition, a compensating winding is placed in the pole faces 
of each of the 12 main poles. As in the case of the hoist motor, 
the main-field excitation is at 125 volts. · 
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The induction motor is rated 1150 h.p., 3 phase, 60 cvcles, 
2200 volts, and has a synchronous speed of 514 rev. per min. 
It 1$ of the wound-rotor tvpe, with collectors for connection to 
the automatic slip regulator. | 

The flywheel is built up of thick rolled steel plates, 11 ft. 10 
in. (3.6 m.) іп diameter, so that the peripheral speed at syn- 
chronism is 19,100 feet (5.8 km.) per minute. Тһе width of 


Fic. 6—OUTLINE OF МОТОК-СЕХЕКАТОК SET 


face 15 20.5 in. (52 cm.) making the total weight 92,000 165.(41,730 
kg.), exclusive of shaft. The plates are securely riveted together 
bv steel rivets. The wheel is mounted between two bearings, 
and coupled to the generator by a Francke-tvpe flexible coupling. 
A special grade of hard babbitt is used іп the supporting bear- 
ings. Lubrication is afforded both Бу means of а low-pressure 
oil pump geared to the shaft supplemented by ring oiling. The 
geared pump begins to supply the bearings with oil practically 
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as soon as the wheel turns over. Тһе oil reservoir 16 sunk below 
the floor line at the end of the flywheel bearing, and contains 
coils for the circulation of cooling water. 

In order to reduce the demand on the power system, when 
starting the set, a small motor-driven, high-pressure oil pump 1s 
provided to supply oil pressure under the bearings, this pump 
being put into operation only when required for this purpose. 
With this starting pump in operation, the set and wheel started 
from rest with 80 per cent of full-load current from the power 
system. - 

A close fitting steel plate cover is provided for the wheel 
above the floor line, the pit in the foundation virtually forming 
the lower portion of the enclosing casing. 

The exciter armature is mounted on an extension of the in- 
duction motor shaft, the field frame being bolted to an extension 
of the base. Тһе exciter has a continuous rating of 21 kw., at 
125 volts. 

А cast iron base is provided under the induction motor and 
generator and sole plates under the flywheel bearings. Тһе 
foundation under the various units is of re-inforced concrete 
extending down to the bed rock, insuring stability of alignment. 


CONTROL 


The hoist-motor speed and direction of rotation are controlled 
bv varying the strength and reversing the polarity of the gener- 
ator field. Тһе field rheostat is provided with a large number 
of points giving a corresponding large number of speeds in both 
directions. Between the motor and generator there is inserted 
an overload circuit breaker and a single-pole line switch. 

In the design and installation of the entire equipment, care- 
ful consideration was given to the matter of safety of operation, 
with the result that the effects due to carelessness on the part 
of the operators are obviated and protection to the men and 
apparatus is provided in almost every emergency. 

The arrangement of the control levers is extremely simple, 
there being but one power lever, a forward movement corres- 
ponding to one direction of rotation and a backward movement, 
the reverse. This lever with the two brake levers, one on either 
side, completes the lever group. The clutches are operated by 
a throw, either in or out, of a crank through an arc of 180 deg. 

A center-zero d-c. ammeter and voltmeter are mounted in the 
line of vision with the depth indicators. 
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A Welch safety device compels slowing down at the ргорег 
rate and provides protection against overwinding and overspeed- 
ing. As an additional protection, limit switches actuated by 
the skips themselves are installed in the guides. These switches, 
as well as the Welch device, cause the d-c. circuit breaker to 
open, in addition to setting the hoist brakes. In general, any 
emergency which will cause the d-c. circuit breaker to open will 
cause the brakes to be applied. Тһе d-c. circuit breaker will 
open under any of the following emergencies: 

(a) Extreme d-c. overload 

(b) Overwind top or bottom 

(c) Loss of exciter voltage 

(d) Loss of motor-field excitation 

(e) Overspeed of hoist 

(f) Overspeed of motor-generator set. 

The opening of the main line a-c. oil circuit breaker will not 
open the d-c. circuit breaker, nor set the hoist brakes, but the 
operator is free to continue hoisting as long as the stored energy 
in the flywheel will permit. Тһе opening of the line switch is 
indicated in the usual manner by the ringing of a bell. When the 
d-c. circuit breaker has been opened under any of the above men- 
tioned emergencies, and an application of the brakes made, the 
brakes cannot be released until the controller lever has first 
been returned to the central position. 

After an overwind has occurred, it is necessary for the hoist 
operator to throw a small switch before power can again be 
applied to the motor and motion 1s possible only in the lowering 
direction. нэ 

The total energy in the flywheel at 94 per cent synchronous 
speed is 117.000 h.p-sec. of which approximately 50 per cent 
is avallable for operating the hoist іп the event the set was 
disconnected from the power supply, the limitation being the 
speed at which the d-c. exciter is no longer able to hold up its 
voltage. If required, а complete trip with a fully loaded skip 
could be made from a depth of 1500 ft. (457.2 m.) on the energy 
of the flywheel, and a load of men could be hoisted from the 
deepest level. 

Hoisting “out of balance" can be carried on without causing 
excessive speed reduction of the set nor necessitating a higher 
limit of demand from the power supply. 

The liquid slip regulator used with this equipment is worthy 
of special mention, as being a decided departure in important 
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details from the heretofore generally accepted design. Іп the 
latter, it was necessary to make a water-tight joint between the 
tile or porcelain vessels, and the cooling tank, and also between 
the tile and the electrodes, clamping rings or draw volts being 
used for this purpose. In many instances, this construction in 
connection with temperature changes resulted in broken tiles, 
causing much annoyance. 


Pnmary Torcue Motor 
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Fic. 7—AUTOMATIC SLIP REGULATOR— CnRoss SECTION 


In the present design, a sectional end view of which is shown 
in Fig. 7, the tiles are simply placed upon a rubber mat on the 
steel bottom of the tank, the only water-tight joint being that 
between the lower electrodes and the bottom of the tank. -Only 
enough pressure is applied on the tile by the holding down bolts 
to hold it in place, the purpose of the tiles being merely to serve 
as barriers to prevent leakage between phases. Common sewer 
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tiles are used for the purpose. Тһе value of the input limit 1$ 
adjusted in the usual manner by varying the number ofthe 
counterbalancing weights. . 


TESTS 


The first set of tests was for the purpose of analyzing a typical 
day’s run under ordinary conditions, as regards its relation to 
the electrical equipment. 

In the second test, measurements were made of the electrical 
quantities for a few trips, to determine, if possible, the efficiency 
while hoisting under known conditions. 

In conducting the tests, the following measuring instruments 
were used: 


Curve-drawing a-c. wattmeter—30 in. feed per hour. 
Graphie recording a-c. ammeter. 
* 4-с. ammeter. 

Indicating liquid column tachometer. 
Graphic recording d-c. voltmeter. 
Karlic tachograph. 
Indicating a-c. wattmeter. 

* a-c. voltmeter. 
a-c. ammeter. 
цаг polyphase watthour metet. 


« 


First Test. А log was kept of all the movements of the hoist 
from 7:00 a.m. to 7:00 p.m., recording the time, the nature of 
al trips, quantity of ore, etc. The only instruments in use 
were the a-c. recording watmeter—30 inches feed per hour, 
Karlic tachograph and integrating watthour meter. 

As mentioned in the preceding paragraphs, there are no 
special designated periods of the day during which the hoist is 
used exclusively for the hoisting of ore, but this is carried on 
simultaneouslv with the unproductive work, as the conveying 
of timber, men and supplies. Moreover, the hoisting 1s of such 
an intermittent nature, that a straight line input to the motor- 
generator set is not even approximated, even at the low limit 
of 400 kw. Storage or bins are under construction, but were 
not in operation at the time of the tests. То illustrate the 
character of the load, a portion of a typical day's load chart 1s 
shown in Fig. 8. This curve is reproduced from one of the 
daily records from the 30 in. per hour curve-drawing wattmeter 
included with the switchboard equipment. 
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The results of this test are given below. 


Duration of test... oret hh Vv XH EROS 12 hours. 
Actual time hoist in motion.................. 3.5 hours. 
Total number of trips made.................. 280 
Number of skips of ore hoisted............... 63 
Percentage ore trips of total.................. 22.5 per cent. 
Total weight of ore hoisted................... 252.5 tons 
Average weight of ore per 5Кір................ 4.01 tons 
Average lift of оге.......................... 1428 ft. (435.2 m.) 
Net work done оп ore-total.................. 272 kw-hr. 

S. LM Мама са 4.82 kw-hr. 

© x N^ UMP о aras TT 1.08 “ “ 
Kw-hr. energy used during day............... 1500 kw-hr. 
Total kw-hr. energy used, including non-pro- 

ductive work per ton ore hoisted............ 5.94 kw-hr. 


«ғ 


| Г ПОЛА А ППШ 1 f 
Г MET PEL ПАТИ 4ШШДЛДЭГЛ 14 
АРУ ТТУ УСО 


2 || 


рор 
ЖЕГЕН ор ppp 


Fic. 8—LoAD DIAGRAM OF A-C. INPUT 


К w-hr. used while hoist at гез*............... 680 kw-hr. 

MM oe “ hoisting оге................ 582 “ © 

* — * returned to power system............. 14.6 kw-hr. 
Overall efficiency while hoisting оге........... 46.7 per cent. 
The trips with ore were divided among the levels as follows: 
Level No. Trips | Actual Lift 
1000 ft. (304.8 m.) 6 1068.5 ft. (325.6 m.) 
1100 * 3 1170.0 * 
1200 “ 3 1271.2 * 
1300 “ 20 1372.5 5 
1400 “ 7 1473.5 " 
1500 “ 22 1574.5 “ 
1800 “ (548.6 m.) 2 1915.2 (583.7 m.) 


The weight of ore hoisted was obtained by observing the number 
of cars dumped into each skip and using an average weight per car ob- 
tained from a largejnumber of cars. 
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The calculated net work done in lifting the ore is subject ot 
some error, inasmuch as during about 25 per cent of the trips 
timber or men were lowered in counterbalance with the ore. On 
the other hand, men were hoisted with the ore during about 
20 per cent of the trips. ` 

During about 50 per cent of the trips with ore, at least one 
stop was made between the loading level and the dump, there 
being a maximum number of six such stops. Тһе total kilowatt 
hours used was obtained from readings taken on the watthour 
meter at the beginning and end of the test. 

The energy used during the ore trips was obtained from the 
record made by the 30 in. per hour curve-drawing wattmeter 
with the aid of a rolling planimeter. Тһе energy returned to 
the system was obtained in the same manner. 

The time during which the hoist stood at rest was taken from 
the tachograph record. 

Second Test. In order to secure as rapid hoisting as possible, 
there was accumulated at the 1500 foot level, 30 cars of ore 
making possible 5 consecutive trips, as fast as the skips could 
be loaded. 

Continuous records were made on the graphic meters of the 
d-c. voltage and current and of the a-c. current. А time marker 
marked every second on all of the records, simultaneously. The 
speed of the motor-generator set was read at frequent intervals 
and telegraphed to one of the graphic records at the instant of 
reading, a record of the consecutive readings being kept which 
was later transferred to the graphic record. The speed of the 
hoist motor was taken from the tachograph record and the 30 іп. 
per hour recording wattmeter supplied a record of the power 
delivered to the motor-generator set. 

Fig. 9 is а consolidation of all of the records and readings 
taken for the five consecutive trips. 

By combining the two d-c. graphic records, the d-c. power 
curves were obtained. 

The following conditions pertain to this test: 


Hoisting done in balance 


Duration of {е$ї{........................ 565 seconds 

ГИ vs ун шашны ая 1574.5 ft. (479.9 m.). 
Number of skips hoisted................. 5 

Weight of ore hoisted.................... 20.3 tons 

Average weight per $р................. 4.06 tons 

Net work done—total................... 24.1 hr. 


Average time per &пр................... 113 sec. 
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ады i йте{о{а]................ 310 “ 
ам Der GELD ce ves 62 “ : 

Time at Геві-іоба!....................... 255 “ 

ч 4 4 average per ігір............. 51 “ 
Average time for acceleration............. 22 “ 
Average time for running at full speed..... 15.5 “ 
Average time for retardation... .......... 24.5 “ 
Average rope вреей..................... 1525 ft. per min. 
Max. 4 БРАТ ЕТТЕ 2580 “ 4 < 
Average speed of М-С. set............... 486 “ “ & 
Hoist motor input (exclusive shunt field)... 32.64 kw-hr. 

3 ЖЭ SOULPULS ba LI ERRASSE ne EA 28.2 “ “ 
Mechanical efficiency of hoist............. 83 per cent. 
Energy input to M- G. set total........... 50.5 kw-hr. 
Ку per (Ones галлах ана ee eee 2.49 
Overall ейсіепсу................... aid 4.77 


The energy dissipated in the various parts of the equipment 
was found to be as given in the table below. 


Per cent. of net 
Losses in mechanical parts of Kw-hr. work. 
hoist, sheaves, guides, etc.... 4.1 | 17.0 
Hoist motor 1о55е8............ 6.25 25.9 
Generator losses.............. 5.53 22.9 
Induction motor losses... .. | 3.99 16.6 
Flywheel losses............... 4. 
2. 


08 17.0 
Slip regulator 10$5е5........,.. 12 8.8 
Exciter 1о55е8................. 0.39 1.6 
Total 1о55е5.............. 26.46 109.8 per cent. 
Net work done on оге......... 24.1 
Total energy consumed........ 50.56 kw-hr. 
Overall efficiency............. 47.66 per cent. 


The hoist motor input was measured directly, and the output was 
obtained by deducting the losses which were based on factory test-results. 


The power input to the motor-generator set when running 
light as measured by the 30 in. per hour curve-drawing watt- 
meter, and checked by the indicating wattmeter was 80 kw. at 
512 rev. per min. For the average speed of the set during the 
test this was taken at 78 kw. 

The segregation of the losses in the set was made from results 
of tests made in the factory. The running light input to the 
set includes: | 

Flywheel bearing friction and windage 
Generator “ ы 5 
Ind. motor * S E 2 
x “ соге loss and running light copper loss. 


Hoist motor shunt field (with economy resistance in series) 
Exciter loss with load of motor field. 
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The same total loss in the equipment is obtained by adding to the 
running-light loss of the set, the increase in losses while under load, these 
being readily calculated. On this basis, the result is as follows: 


Motor shunt field (increase).................... 0.248 kw-hr. 
Ind. motor copper loss (increase)................ 0.223 “ 4 
Exciter loss (increase)......................... 0.060 “ <“ 
Generator losses (excl. fric. & w'd’ge)............ 3.019 < “ 
Motor losses (excl. shunt field)................. 4.440 “ 4 
Regulator 1055е5.............................. 2.120 “ 4 
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Fic. 9—CONSOLIDATED CURVES FROM TESTS 


An item not included in the above segregation consisting of 
approximately 0.25 kw-hr., used in operating the accumulator 
oil pump and the brake solenoids is also included in the cunning 
light input. | 

The total energy accounted for is therefore 50.81 kw-hr., as 
against 50.5 shown by the wattmeter. 

The energy output of the generator, as obtained from the d-c. 
power curves by the aid of a rolling planimeter was 32.64 kw- 
hr., and the input 38.17 kw-hr. Тһе input to the generator 
was at the rate of 243 kw., so that during the trips, approxi- 
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mately 27.5 kw-hr., were required from the flywheel. Тһе 
average speed reduction of the set during hoisting was 10.6 
per cent on the basis of which, the energy given up durinz the 
five cycles was 96,500 kw-sec. ог 26.8 kw-hr., which checks 
fairly well with the figure given above. 

In general, the test results check very well with the estimated 
performance. The friction losses in the hoist, sheaves, rope and 
guides proved unexpectedly low, but the shaft guides are in 
very good repair, and the cage rides almost as smoothly as a 
passenger elevator. Also, the hoist drums run true and with no 
interference with the brake shoe blocks; the head sheaves and 
idlers are well lubricated and easy running. 

The efficiency of hoisting exceeded that anticipated, even 
with the light loads, the load per skip being but 80 per cent of 
that considered normal. With heavier loads, as when hoisting 
high grade copper ore, the efficiency would be further increased. 
Hoisting was done at slightly less than 50 per cent of the max- 
imum rate for this level and the power consumption was 2.49 
kw-hr. per ton as compared with 2.83 kw-hr., expected. 

The tendency should be for the efficiency to increase at the · 
greater depths, the maximum probably being reached at the 
intermediate levels. 

The time for retardation 1s considerably longer than that used 
in calculating the duty cycles, and is the result of the rather 
close setting of the Welch safety device. At present there is no 
particular reason for rapid hoisting, and the management being 
inclined to a policy ofsafety,require the slower rate of retardation. 
А reduction in the retardation period would further tend to a 
betterment of the efficiency of hoisting. 

The standby losses are considered particularly low, for an 
equipment of this capacity. 

It 15 believed that by increasing the loading time so as to 
obtain a more uniform input to the power set, decreasing the 
retardation period and bringing the load up to normal, the 
hoisting efficiency of this outfit will reach 50 per cent at this 
level. | 

It 1s believed that the results of these tests give fairly accurate 
information as to the operating characteristics of the hoist at 
Elm Orlu, and indicate, in general, the results to be expected 
of the performance of other Ilgner equipments in similar service. 


ANNUAL REPORT OF COMMITTEE ON TRANSMISSION 
AND DISTRIBUTION | 


To the Board of Directors, ! 

The Committee on Transmission and Distribution submits the 
following report for the year of 1916-17: 

In order to find a starting point for the work of this com- 
mittee a letter was addressed to each of its twenty-three members 
asking for definite suggestions as to the most urgent problems 
concerning transmission and distribution. Replies were received 
from thirteen individuals containing twenty-four suggestions. 
Twelve of these suggestions related to high-tension insulators, 
seven to underground cables, one to lightning protection, one to 
relays, one to towers, one to reactances, and one to suppression 
of transient voltages. It appeared from the result of this inquiry 
that troubles with high-tension insulators and underground 
cables were uppermost in the minds of those who replied, most 
of whom were either operating men or men in close touch with 
the operation of transmission and distribution systems. 

After conference with a few of the members of the committee, 
it was decided to confine the work of this year to the subjects of 
high-tension insulators and underground cables. It was further 
decided that on account of the urgency of the problems involved, 
particularly regarding high-tension insulators, that the subjects 
be treated so far as possible from the practical standpoint, 
theoretical discussions being eliminated except so far as they 
indicated definite practical results. 


HIGH-TENSION INSULATORS 


During the last few years the troubles with high-tension 
insulators have become cumulative. During the summer 
seasons of 1915 and 1916 the failure of insulators on some long 
distance transmission lines resulted so disastrously in the way of 
interruptions that it was evident something had to be done unless 
we were content to relegate long distance service to the category 
of intermittent or second class power. Particularly on the Pacific 
coast these troubles had become acute. Some of our best en- 
gineers were already working on the problem. A number of the 
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far western companies had clubbed together and employed the 
best talent they could find to carry on the investigation. Pro- 
fessor Ryan of Leland Stanford,. Jr. University is now busy 
carrying out experiments on a very large scale to determine the 
effects of porosity in porcelain. All who are acquainted with 
Professor Ryan and his work know that his results when pub- 
lished will carry authority on this point. It was a great disap- 
pointment to us that the paper promised by Professor Ryan on 
the results of his investigation, to be presented at this meeting, 
had to be deferred a few months on account of extraordinary 
weather conditions, making it impossible to complete the data. 

Professor Peaslee of the Oregon Agriculture College has 
. attacked the problem from the chemical and microscopical 
point of view while others have been investigating the effects 
of expansion and contraction of insulators on dielectric strength. 
The manufacturers of insulators have also been busy. This 15 
shown in Mr. Austin's paper presented at this meeting. Тһе 
manufacture of high-tension insulators from fused quartz is 
recommended by Mr. Peaslee. Itis hoped that some one prop- 
erly equipped will pursue this line of investigation. | 

What has been accomplished? Тһе last word has not been 
said on any of these lines of investigation and will not be said 
for a long time. So far as porcelain insulators are concerned we 
know (1) that porosity must be reduced to the lowest practical 
limit to prevent absorption, (2) that joints must be so designed 
and made that the insulators will not crack from expansion and 
contraction effects, (3) That insulators must have ample margin 
of mechanical strength. 


UNDERGROUND CABLES 


It is only within the last few years that users of underground 
cables have begun to realize the importance of disposing of heat 
due to copper and other losses. Conduit lines were designed 15 
or more years ago with the idea that there would be from three 
to five watts lost per foot of cable. Even engineers seemed to 
have a sort of blind faith that these watts would get away some- 
where, somehow. Мо one ever stopped to consider what would 
happen in case these watts did not get away. However, we have 
found out in the school of experience. Тһе lesson has been costly, 
but it has been learned. It is scarcely exaggeration to say that as 
much skill is required to design a conduit line as to design à 
dynamo. 
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The problem is to dispose of heat. This may be done in two 
ways: (1) by minimizing the amount produced, (2) by quickly 
conducting away the heat that is produced. Тһе first 15 largely 
the problem of the cable manufacturer. We have two papers 
_ this year which show great advance in our knowledge of dielectric 
losses. The use of certain insulating materials in saturating paper 
insulation greatly reduces these losses. This is well brought out 
in the papers by Messrs. Bang and Louis, and by Messrs. Clark & 
Shanklin. The reduction in losses is not a small amount requiring 
‘laboratory tests to find. Cable ratings under some conditions 
may be more than doubled. These investigations are highly 
profitable and should be continued. The second point relating 
to conducting the heat away from cables after it has been gen- 
erated has been brought out by Mr. Harper. No operating 
engineer can read this paper without a deep and sympathetic 
feeling of comradeship with the author. Most of the under- 
ground conduits now in use were built without any regard to 
their capacity to dissipate heat and thereby immense sums of 
money have been thrown away. | 

Мг. Roper's paper on high-tension cable joints is the very 
highest authority on this subject and is worth careful study. 
Probably there are more breakdowns at the present time in 
joints than in all the rest of a cable system. Practically all of 
these breakdowns are avoidable by carefully following the recom- 
mendations laid down by Mr. Roper. 


SUGGESTIONS FOR THE FUTURE 


For the future activities of this committee, I suggest that it 
pursue the high-tension insulator problem. Тһе work has been 
started, but there 15 much to be done. [Investigations so far 
indicate pretty clearly where the weaknesses lie and this is but 
one step from the solution of the problem. We suggest that 
further investigations be made on the subject of dielectric loss 
in cables to the end that the laws governing it may be definitely 
known. It will then be possible for the manufacturer to give an 
even quality of cable with minimum dielectric loss. 

"“ We further suggest that the use of 20,000- or 30,000-volt cables 
be investigated. Some 20,000-volt cable is now in use in this 
vicinity, but we greatly desire to hear all about it. 


L. E. Imray, Chairman. 
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ANNUAL REPORT OF TRACTION AND TRANSPORTATION 
COMMITTEE 


To the Board of Directors, 

The Traction and Transportation Committee submits the 
following report for the year 1916-17: 

At the beginning of this year, the scope of the Traction and 
Transportation Committee, which superseded the Railway Com- 
mittee in accordance with the recommendations of the Special 
Committee on Re-organization of Technical Committees, was 
considerably enlarged, and in order properly to cover the field, 
more members were added. Тһе main committee was divided 
into five sub-committees, as follows: 

Urban and Interurban Railways: Н. Н. Adams, Chairman, 
L. P. Crecelius, W. J. Harvie, E. D. Priest, C. Renshaw. 

Trunk Lines апа Heavy . Traction: М. W. Storer, Acting 
Chairman, А. H. Babcock, George Gibbs, Hugh Hazelton, E. 
B. Katte, John Murphy, W. B. Potter, Wm. McClellan. 

Electrification Data: Е. B. Katte, Chairman, В. Beeuwkes, 
J. V. B. Duer, C. H. Quinn. 

Interference of Electric Railway Circuits With Telephone and 
Telegraph Lines: C. F. Scott, Chairman, A. H. Babcock, J. B. 
Taylor, H. S. Warren. 

Effects of Grounded Ratlway Circuits on Pipes and Underground 
Structures: E.J. Blair, Chairman, J. V. B. Duer, John Murphy, 
A. S. Richey, H. S. Warren. 

Through the Sub-Committee on Urban and Interurban Rail- 
ways, it is hoped to bring the Institute into closer touch with 
the great body of electric railway men who now derive most of 
their support and assistance from the A. E. В. A. One paper 
on “Сеаг Losses” has been secured by this committee, and others 
on “Railway Motor Ventilation” are in preparation. 

One paper bearing specially on the question of “Недуу Trac- 
tion" has been presented during the year. This was the paper 
by Mr. R. E. Hellmund, on the subject of ''Regenerative 
Braking of Electric Vehicles," which was presented at the Pitts- 
burgh meeting of the Institute in January. The paper itself 15 
a very complete treatise on the subject covering the problems 
and the various solutions involved in regenerative braking with 
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different systems of electrification. It forms an excellent basis 
for discussion. 

The paper and the diseussion that followed showed plainly 
the great progress that has been made in the practical appli- 
cation of regenerative braking on heavy traction lines in this 
. country. Тһе advantages of the constant-speed type of loco- 
motive with the induction motor in use on the Norfolk and 
Western Railway were clearly set forth; also the advantages of | 
the variable-speed type of locomotive in use on the Chicago, Mil- 
waukee and St. Paul and the Lake Erie and Northern locomotives 
where direct current is used, were fully brought out. Тһе im- 
portant fact to be derived from the discussion 15 that regenerative 
braking is an accomplished fact and must always be considered 
in any electrification scheme where heavy-grade work 1s involved. 
It has been demonstrated beyond question that it is a much 
more reliable and safe method of holding trains on descending 
grades than the use of air brakes alone since, in any case, where 
regenerative braking is used, the air brake 15 always available to 
stop the trains in emergencies. ` 

While regenerative braking has not been applied to trains of 
multiple-unit cars, or to single cars, in this country, on a com- 
mercial scale, the hope and belief were expressed that successful 
application of regenerative braking on both would be only a 
question of a short time. The application in such work will be 
due, not to the safety and reliability of operation, as in the 
heavy grade work, so much as to the economies which can be 
effected in power consumption. It is conservatively estimated 
that not less than 20 per cent of the power now consumed in the 
ordinary multiple-unit trains in city and suburban service, can 
be saved by the application of regenerative braking. This will 
involve increased capacity in the driving motors and a small 
amount of additional control equipment, but the net saving will 
far outweigh the additional cost of equipment and maintenance. 

The effort of the Sub-Committee on Electrification Data to 
collect information from existing railways, met with the usual 
' obstacles. It was decided that any costs which might be figured 
on the electrifications now in operation would be of very little 
value to the Institute, since the conditions under which the 
installations were made varied so widely, and unless all of the 
facts could be known the figures would be very misleading. 

The Sub-Committee on Interference of Electric Railway Cir- 
cuits with Telephone and Telegraph Lines did a considerable 
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amount of work, but it was not deemed advisable to make the 
results public at this time. 

The Sub-Committee on the Effects of Grounded Railway 
Circuits took up the question with the National Committee on 
Electrolysis, with the special object of seeing that the effects of 
the high-voltage direct-current lines where the drop in the re- 
turn circuit necessarily reaches comparatively high figures, was 
thoroughly considered. 

For the coming year, it is recommended that the committee 
continue the work which has been undertaken this year. While 
any papers which would raise the question of system of elec- 
trification are distinctly undesirable, it is. recommended that a 
series of short papers by representative steam railway men be 
secured, which would explain in considerable detail the problem 
which must be met by the electric railway engineers in super- 
seding the steam locomotive on the heavy transportation lines. 
This should include not only the problem as it confronts us today, 
but what the future has in store for us as far as these railway 
men can predict. There is a constant tendency towards the 
use of much heavier and longer trains, larger locomotives and 
higher speeds, both in freight and passenger service. We need 
further information as to what the limits are likely to be; how 
much power must be concentrated in one train; how necessary 
it is to operate the trains under close headway during emergency 
conditions; how much it is worth to the railways to be able to 
do this; what are the physical limitations that will be involved, 
etc., etc. 

The present committee is larger than can be used satisfactorily 
and it should be reduced to one-half or two-thirds the present 
number, and composed of men who are able and willing to 
devote their time to the consideration of problems of electric 
- railroads. 

М. W. STORER, Chairman. 
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ANNUAL REPORT OF COMMITTEE ОМ 
ELECTROPHYSICS 


To the Board of Directors: 


The Committee on Electrophvsics submits the following report 
for the year 1916-17: | 

Very rapid advances are being made in physics; entirely new 
fields are being opened up, new conceptions formed. Іп order 
that engineering may advance as rapidly as it should, it is 
necessary for the engineer to keep familiar with and to apply 
the discoveries of the scientist and the physicist. Much of the 
work of the physicist 1$ published in various scientific and 
philosophical magazines seldom read by engineers. It is difficult 
for the engineer to get the perspective view which he needs and 
should have. Realizing this, the Electrophysics Committee were 
able to secure Dr. R. A. Millikan, President of the American 
Physical Society, to deliver a lecture on “Modern Physics” at 
the mid-winter convention in New York, on the evening of 
February 15th. The enthusiasm with which this lecture was 
received by an overflowing audience is without precedent. Dr. 
Millikan's lecture will be published іп the Transactions. We 
believe at least one such lecture should be delivered annually. 

Cooperation and mutual understanding between physicists 
and engineers are of the utmost importance. The Technical 
committee of the Physical Society bears a somewhat similar 
relation to its society with respect to engineering as our com- 
mittee does to our society with respect to physics. We have 
had the most helpful cooperation from this committee and much 
of the success of our Electrophysics session at the mid-winter 
convention on February 15th was due to their active assistance. 
Тһе members of the Phvsical Society were invited to our meeting 
and took part in our discussions as well as attending Dr. Mil- 
likan's lecture. Their technical committee also arranged for 
meetings of the Physical Society ш New York immediately 
following our meeting, which many of our members attended. 
We believe that joint or parallel meetings are of great value. 
It would be desirable, if practicable, to have interlocking mem- 
bers on the committees. For instance the chairman of one 
committee an ex-officio member of the other committee. In 
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amount of work, but it was not deemed advisable to make the 
results public at this time. 

The Sub-Committee on the Effects of Grounded Railway 
Circuits took up the question with the National Committee on 
Electrolysis, with the special object of seeing that the effects of 
the high-voltage direct-current lines where the drop іп the re- 
turn circuit necessarily reaches comparatively high figures, was 
thoroughly considered. 

For the coming year, it is recommended that the committee 
continue the work which has been undertaken this year. While 
any papers which would raise the question of system of elec- 
trification are distinctly undesirable, it is. recommended that а 
series of short papers by representative steam railway men be 
secured, which would explain in considerable detail the problem 
which must be met by the electric railway engineers in super- 
seding the steam locomotive on the heavy transportation lines. 
This should include not only the problem as it confronts us today, 
but what the future has in store for us as far as these railway 
men can predict. Тһеге is а constant tendency towards the 
use of much heavier and longer trains, larger locomotives and 
higher speeds, both in freight and passenger service. We need 
further information as to what the limits are likely to be; how 
much power must be concentrated in one train; how necessary 
it 15 to operate the trains under close headway during emergency 
conditions; how much it is worth to the railways to be able to 
do this; what are the physical limitations that will be involved, 
etc., etc. 

The present committee is larger than can be used satisfactorily 
and it should be reduced to one-half or two-thirds the present 
number, and composed of men who are able and willing to 
devote their time to the consideration of problems of electric 
- railroads. 

М. W. Storer, Chairman. 
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ANNUAL REPORT ОЕ COMMITTEE ON 
 ELECTROPHYSICS 


To the Board of Directors: 


The Committee on Electrophysics submits the following report 
for the year 1916-17: | l 

Very rapid advances are being made in physics; entirely new 
fields are being opened up, new conceptions formed. In order 
that engineering may advance as rapidly as it should, it is 
necessary for the engineer to keep familiar with and to apply 
the discoveries of the scientist and the physicist. Much of the 
work of the physicist is published in various scientific and 
philosophical magazines seldom read by engineers. It is difficult 
for the engineer to get the perspective view which he needs and 
should have.  Realizing this, the Electrophysics Committee were 
able to secure Dr. R. A. Millikan, President of the American 
Physical Society, to deliver a lecture on “Modern Physics" at 
the mid-winter convention in New York, on the evening of 
February 15th. Тһе enthusiasm with which this lecture was 
received by an overflowing audience is without precedent. Dr. 
Millikan's lecture will be published in the TRANSACTIONS. Ме 
believe at least one such lecture should be delivered annually. 

Cooperation and mutual understanding between physicists 
and engineers are of the utmost importance. The Technical 
committee of the Physical Society bears a somewhat similar 
relation to its society with respect to engineering as our com- 
mittee does to our society with respect to physics. We have 
had the most helpful cooperation from this committee and much 
of the success of our Electrophysics session at the mid-winter 
convention on February 15th was due to their active assistance. 
The members of the Physical Society were invited to our meeting 
and took part in our discussions as well as attending Dr. Mil- 
likan's lecture. Their technical committee also arranged for 
meetings of the Physical Society ш New York immediately 
following our meeting, which many of our members attended. 
We believe that joint or parallel meetings are of great value. 
It would be desirable, if practicable, to have interlocking mem- 
bers on the committees. For instance the chairman of one 
committee an ex-officio member of the other committee. In 
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addition, to Dr. Millikan's lecture the following important scien- 

tific papers were read: 

"Corona and Rectification in Hydrogen", by J. W. Davis and 
C. S. Breese. . 

“Тһе Electric Strength of Air-VII", by J. B. Whitehead and 
W. S. Brown. 

"Oscillating-Current Circuits by the Method of Generalized 
Angular Velocities”, by V. Bush. 

Many important physical papers of great value and many 
scientific discoveries made by engineers, which naturally first 
appear in engineering journals, are lost to physicists because 
physicists do not read these journals and because when they 
are reviewed and reported they are recorded under the heading 
of "Engineering" rather than under the heading of “Physics”. 
This is a great economic loss, and attempts should be made to 
remedy this condition. | 

We believe efforts should be made to continue and to further 
cooperation between engineers and physicists; it is to their 
mutual advantage. 

Е. W. PEEK, JR., Chairman. 
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ANNUAL REPORT OF COMMITTEE ON LIGHTING AND 
ILLUMINATION 


Го the Board of Directors, 

The Committee on Lighting and Illumination submits the 
following report for the year 1916-17: 

The Lighting and Illumination Committee sought, early in the 
year, to find some specific activity upon which it might legiti- 
mately concentrate its efforts with profit to the members of the 
Institute and with some measure of good to the art of lighting. 
This ambition was not realized, as the committee was unsuccess- 
ful in finding such an activity that was not already under con- 
sideration or that ought not more logically be undertaken by the 
Illuminating Engineering Society, which is specially organized 
for the investigation of lighting problems in general. 

The Lighting and Illumination Committee considers that it 
may render a valuable service to the Institute by securing papers 
on illumination topics that are of peculiar interest to the members 
of the Institute or are of such general interest as to warrant 
their presentation in abstract form before this body. Тһе 
committee has several suggestions for papers of this character 
to hand over to next year's committee as it was not feasible to 
procure them in time for presentation this year. 

The committee also considers that it may render some service 
to the Institute in incorporating in this annual report a very 
brief statement of recent progress in the science and art of illu- 
mination, referring to a few of the most salient features of that 
progress, and not in any sense attempting to classify categorically 
the recent developments or even to suggest a true perspective. 
For such a presentation the members of the Institute are referred 
to the Report of the Committee on Progress of the Illuminating 
Engineering Society. | 


Ld 


PROGRESS IN ELECTRIC ILLUMINATION 


The marked progress in electric lighting in the past few years 
is founded largely on the reduced cost of luminous flux. Тһе 
higher lamp efficiencies which have been realized in the newer 
electric lamps, together with the gradual decline in cost of power, 
have combined to cheapen luminous flux to such an extent that 
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the average customer can with advantage sacrifice cost to a 
moderate degree in order to enhance to a greater degree the satis- 
factoriness of his installation. On this thesis may be explained, 
at least іп part, the tendency toward higher illumination intensi- 
ties, both indoors and outdoors, the more general use of indirect 
or partially indirect lighting systems, and the demand for so- 
called ‘‘filtered flux," as in the lamp which supplies luminous 
flux approximating daylight in quality, or as in the yellow TP 
or the various kinds of tinted glassware. 

It is not intended to leave the impression that the lower cost 
of luminous flux from electric lamps is uniquely responsible for 
this marked development in artificial illumination pfactise. 
Along with this growing economy must be considered the im- 
portant progress manifest in the increasing appreciation of the 
value of the newer ideas of illumination and the equally import- 
ant progress in developing the means by which these more highly 
developed ideas may be realized in practise. 

A few particular cases of progress may be mentioned. One of 
the more important of these 1s perhaps the approximate realiza- 
tion of the quality of daylight in artificial illumination, secured 
through the development of a special bluish bulb, which, at some 
sacrifice of the lamp efficiency, modifies by selective absorption 
the quality of luminous flux emitted by the gas-filled tungsten 
lamp, so that the transmitted flux has a spectral distribution of 
the same general character as sunlight. Тһе practical possi- 
bilities of such a device are immediately evident. One of the 
most important applications is to be found in the lighting of 
museums of art,—an application which has recently been made 
with marked success. 

"Flood lighting” constitutes another particular case of recent 
progress worthy of special mention. The application in the 
lighting of the Statue of Liberty is the most prominent illustra- 
tion of this type of illumination, but it is being used in the most 
varied ways, many of which have marked practical value. In 
connection with flood lighting may be mentioned the recent 
activity regarding projection lamps in general, and the present 
prominence of the question of automobile headlights and other 
searchlights. 

. One other example of progress is to be found in the consider- 
able increase in the use of ornamental ‘‘White Way” lighting for. 
main business streets, and ornamental boulevard and residential 
street lighting. This, of course, has resulted іп a general revising 
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of the standard of illumination throughout streets of lesser im- 
portance, but joining more or less closely the “White Way" 
districts. Along with the better lighting of business streets there 
is a gradual tendency to improve residence street lighting and to 
make better use of the light flux available on such streets by 
more rational subdivision of units and by utilization of light flux 
heretofore wasted for the lack of proper directing devices. 

In closing this brief report reference should be made to the 
growing acceptance of the idea of legalizing lighting codes. Two 
years ago a Committee on Lighting Legislation of the Illuminat- 
ing Engineering Society presented to the society a report con- 
taining a code of factory lighting. During the past year this code 
has been adopted and become a law in the states of Pennsylvania 
and New Jersey. 

Automobile headlight glare which has been the subject of 
considerable legislation has in general been treated in a very 
unscientific manner until very recently. Now, however, there 
is decided evidence of an awakening among technieal men on 
this subject and a better understanding of the problem to the 
end that satisfactory solution of the problem appears to be т 
sight. ` 

E. P. Hype, Chairman. 
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ANNUAL REPORT OF COMMITTEE ON ECONOMICS OF 
THE ELECTRIC SERVICE 


To the Board of Directors, 

Тһе Committee on Economics of the Electric ен submits 
the following report for the year of 1916-17: 

During the past year this committee has carried on most of 
its work by correspondence, but there have been a number of the 
members who were conveniently situated with reference to New 
York City. The activity of the committee is best indicated by 
the fact that it had charge of the program for the Institute 
meeting on November 10th, 1916, the subject of the papers at 
that meeting being, "Effect of Recent Court Decisions on the 
Work of Inventory and Appraisal," by Philander Betts, Fellow; 
"Continuous Inventories, Their Preparation and Use,” by Harry 
E. Carver, Member; "Growth and Depreciation,” by Julian 
Loebenstein, Associate. 

On April 14th, invitation was received from the Valuation 
Terminology Committee of the National Electric Light Associa- 
tion to send three representatives to the joint session of that com- 
mittee with representatives of other societies, to be held on May 
4th. Asthe result of the invitation, Mr. Clifton W. Wilder, Mr. 
Wm. B. Jackson and Dr. Philander Betts were designated to 
attend the same. Of these, Mr. Jackson was the only one who 
was able to attend, but Mr. Cohn was present, representing 
Mr. Wilder. 

At the committee meeting referred to there were in attendance 
members of the National Electric Light Association, American 
Institute of Electrical Engineers, American Society of Mechan- 
ical Engineers, American Gas Institute, American Electric Rail- 
way Association, American District Steam Heating Association . 
and the Railroad Presidents' Conference Committee. 

After considerable discussion as to the form of organization, 
the meeting should adopt, Mr. J. N. Shannahan was elected 
Chairman, and after a lively discussion, it was decided not to 
make any recommendations as to the formation of a joint com- 
mittee at this time. 

The definitions of the terms which the N. E. L. A. committee 
have prepared, were discussed and it was decided that each 
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person who was appointed to represent an association at the 
meeting should receive or be sent a copy of the definitions of 
the М. E. L. A. and of the А. E. В. A., and that each should be 
asked to send to Mr. Shannahan criticisms of the definitions: 
these to be manifolded and sent to each of those authorized to. 
meet with the committee, so that there will be working material 
as a basis for discussion when the enlarged committee is again 
called together. 'The committee then adjourned to re-assemble 
at the call of the chairman. 

The American Society of Civil Engineers has recently dis- 
cussed similar definitions in connection with the discussions of 
appraisals. These definitions differ so greatly from the defini- 
tions accepted by economists, financiers and engineers, generally, 
that the importance of the work of this joint committee is at once 
apparent. 

It is recommended that the committee be continued, with 
general instructions to continue its conference with represen- 
tatives of the other societies. 

PHILANDER Betts, Chairman. 
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ANNUAL REPORT OF COMMITTEE ON PROTECTIVE 
DEVICES 


To the Board of Directors, 


The Committee on Protective Devices submits the following 
report for the year 1916-17: 

During the year two meetings have been held under the 
auspices of this committee; one at Boston on the rating of high- 
tension oil switches, and one at Chicago on protective relays for 
transmission systems. At the meeting in Boston it developed 
that the engineers were not all in accord as to how or whether 
oil switches should be rated in terms of the current which they 
could safely interrupt. A sufficient number of engineers, how- 
ever, were in favor of such a method of rating to indicate that 
such a rating would be very desirable if possible. It is also to be 
noted that the edition of the National Electrical Safety Code, 
issued as Circular No. 54 by the Bureau of Standards, and dated 
November 15th, 1916, has a rule requiring that oil switches “Фе 
marked with the current which they can safely interrupt." Itis 
recommended that this question be referred to the Standards 
Committee. 

During the discussion on the relay papers it was brought out 
that there were several types of relays which were known by 
different names. One type of relay, which is more correctly 
called an excess-current relay, is generally called an overload 
relay, although it is not the best practise to use such relays on 
the generating or transmission system as a precaution against 
overheating due to slight overloads. They rather operate in case 
of large excess currents or short circuits, and there is no doubt 
but that their name has misled many engineers to use them 
improperly to the impairment of the service rendered by their 
system. 

Another type of relay is variously called a reverse-current 
relay, reverse-power relay, reverse-energy relay, and unidirec- 
tional relay. This type of relay is intended to operate only with 
excess currents in one direction. 

A third type of relay, used for connecting two transmission 
lines operating as one line with divided conductors of different 
constants, is variously known as biased relay, percentage differen- 
tial relay, and ratio balance relay. 
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During the meeting in Chicago it developed that because of 
a lack of a conventional name, considerable space in the papers 
and time in the meeting was consumed in defining the terms used 
in the discussion. While it is entirely probable that the details 
of these various types of relays will be altered and improved 
from time to time, it is quite evident that the types of relays will 
endure, and it is suggested that the nomenclature of these several 
types of relays be referred to the Standards Committee. 

The discussion on the relay papers in Chicago indicated that a 
number of the companies in the larger cities were rapidly chang- 
ing their practise in the operation of transmission lines due to the 
development in relays. Heretofore most of these companies, in 
order to obtain localization of the trouble upon the breaking 
down of a transmission line, have operated their lines fadially, 
that is, singly and not in parallel at the substation ends. This 
plan of operation confined the service interruption following a 
breakdown, to the load being carried on this transmission line. 
With the advent of the later types of relays, which have been : 
developed by several manufacturing cqmpanies, a number of the 
central station companies are now operating their transmission 
lines in parallel in a number of combinations, as they find by 
experience that the relays are reliable for this service. This 
method of operating transmission lines in parallel results in a 
considerable economy in transmission line copper due to the 
diversity in the load on the various transmission lines. With the 
present high prices for copper, any development in relays which 
will permit greater economy in transmission line copper should be 
of interest to a large part of the Institute membership. 

It also appeared from the discussion that some companies 
were using a simple, low priced relay and securing practioally the 
same service as other companies with a higher priced, more 
complicated relay, and under practically the same conditions. 
It also appears that some companies are experimenting with 
types of relays under certain conditions, which have been tested 
by other companies under practically the same conditions and 
abandoned because unsatisfactory. 

In view of this situation, which has been known to the com- 
mittee for a number of months, but which was accentuated by 
the discussion at the Chicago meeting, the committee has under- 
taken to prepare a questionaire regarding relays, but owing to the 
circumstances during the past few months they have been unable 
to put this questionaire in form to be sent out to the various 
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power transmission companies. It was the hope that the replies 
to this questionaire would enable the committee to make some 
definite recommendations based upon the experience of the 
various companies. It is recommended that the work on this 
questionaire be continued by the Committee on Protective 
Devices during the coming year, and that the information gath- 
ered by the questionaire after being tabulated and summarized, 
be presented by the committee in form for discussion at one of 
the technical sessions of the Institute. 


D. W. Коркв, Chairman. 
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ANNUAL REPORT OF COMMITTEE ON INDUSTRIAL 
AND DOMESTIC POWER 


To the Board of Directors, 

The Committee on Industrial and Domestic Power submits the | 
following report for the year of 1916-17: 

At the October 1916 meeting of the Board of Directors the 
committee name was changed from 'Committee on Electricity 
for Industrial and Domestic Use” to “Industrial and Domestic 
Power Committee." А rather large committee was selected, as 
the chairman desired to consider a new field of activity and 
wanted to get as wide an expression of opinion as possible. 

Three meetings of the committee were held; the first 1n Phila- 
delphia in October, the seeond at Pittsburgh in January and the 
third at Chicago in March. In addition a sectional meeting was 
called in Cleveland 1n December. 

Of the twenty-two members on the committee 16 have at- 
tended one or more of the meetings and of the other six the chair- 
man has personally seen and talked over the committee work with 
all but one. | 

The committee has been represented at every meeting of the 
Meetings and Papers Committee. ` 

The presentation of papers under the auspices of the com- 
mittee was confined to two sessions at the midwinter convention 
in February on the general subject of “Control of Industrial 
Motors." Тһе committee responded well to the request for a 
list of papers available for presentation before local sections, and 
with the cooperation of other committees compiled a list of about 
110 sufh papers. 

In 1914 the committee started an investigation of standard 
sizes for carbon brushes. Up to that time no effort had been 
made along this line with the result that nearly 5,000 variations 
of sizes and special work were in use. Тһе present chairman 
has actively followed this line and ш 1915 interested the Elec- 
tric Power Club. After a great deal of work on their parta 
meeting was called in Cleveland between representatives of the 
Electric Power Club and the Carbon Section of the Associated 
Manufacturers of Electrical Supplies, with the chairman of this 
Committee as the chairman of the meeting. Subsequent meet- 
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ings were held and the following standards have been adopted 
by the Electric Power Club as general engineering recommen- 
dations effective July 156, 1917. It is recommended that the 
A. I. E. E. Standards Committee consider these and give their 
approval if nothing is found incompatible with engineering 
practise and development. 


STANDARD SIZES FOR CARBON BRUSHES 
1. Length of Round and Rectangular Brushes 


Up to and including 114 inches........... increase by steps of % inch 
Over 114 and to 3 inches................ increase by steps of lí inch 
Over INCHES. 4.6 ео increase by steps of 16 inch 


Preference to be given steps of М inch below 1 inch length and С inch 
above 1 inch length. 


2. Width and Diameters 


Up to and including М inch.............. increase by steps of 1/16 inch 
Over М inch to 2% inches............... increase by steps of 8 inch 
Over 214 іпсһев........................ increase by steps of 14 inch 


It is recommended that 14-inch steps be used wherever possible. Di- 
ameters of round brushes shall vary by steps of 1/16 inch. 


3. Thickness 


Up to and including 34 inch.............. increase by steps of 1/16 inch 
Over М INOW а increase by steps of % inch 

It is recommended that ж inch steps be used wherever possible above 
14-inch thickness. 


4. Limits 
Rectangular and Square Brushes 
| күз o een vut ace P EE Г ТЕС plus or minus 1/32 inch 
WIES азама Ы БАЙРШИХ exact size down to 1/64 inch undersize 
Thickness— Plain БгивВев............................. plus 0.001 inch 
minus 0.003 inch 
Plated Ьги$һез............................ plus 0.001 inch 


minus 0.004 inch 
For square brushes thickness limits to apply to both the width and 
thickness. - 
Round Brushes 


Diameter:— 

“Ор to and including М inch......... exact size to 0.006 inch undersize 
5/16 and 34 inch.................. exact size to 0.008 inch undersize 
7/16 inch and above. .............. exact size to 0.010 inch undersize 

а: plus or minus 1/32 inch 


Box gauges to be used for thickness and diameter. 


5. Length of Shunts 


It was decided that no standard lengths could be used, but it was 
agreed to define the length of a shunt as the distance from the top of the 
brush to the center of the slot or hole in the terminal. 
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6. Holes or Slots in Shunt Terminals 
It was decided that exact sizes are not essential, but that the following 
- shall be adopted as a maximum for the screws specified, and the minimum 
shall allow sufficient clearance to permit the screw entering the slot or 
hole without binding. 


No. 8 and No. 10 всгемв....................... 7/32-inch hole or slot 

No. 12 and Хо. 14 всгемв...................... м -іпсһ hole or slot 

5/l6-inch $сгезу................... отго? 11/32-inch hole or slot 

34-inch screw........ re ee ee ee ee 13/32-inch hole or slot 
7. Bevels 


Bevels on carbon brushes shall vary by steps of five degrees and shall 
be accurate to within one degree above or below. 

The length of a beveled brush shall be the distance from the end to 
the toe of the bevel, if beveled on one end only, or the distance from toe 
to toe measured parallel to the face of the brush when both ends are bev- 
eled. In other words the length will be that of the square-ended brush 
from which the beveled brush was made. 


8. Plated Brushes 


Dimensions, limits, etc., to be the same as for plain еа except 
thickness limits, for which see Paragraph 4. 


Тһе greater part of the year's work has not been finished but 
the committee hopes to have the papers ready for presentation 
next fall. It undertook to begin a study of motor and control 
application to various industries. It believes there is a best type 
direct-current motor, a best type alternating-current motor and a 
best type controller for every important machine in every 
' industry. The committee has undertaken this year to begin а 
study of three fields; cement industry, passenger elevators and 
metal working industry. For this purpose three sub-chairmen 
were appointed, one in charge of each division. As stated above, 
the work is not completed but, if the committee is held largely 
intact for another year, it is believed we can make complete 
recommendations for the cement industry and passenger eleva- 
tors. Тһе metal working industry is too extensive to cover in 
such a short time and the sub-committee in charge of this division 
is making a study of some of the most important machine tools. 
Тһе results are to be presented in convenient table form. 

Care will be taken to keep recommendations of such a general 
nature that they will not discriminate between manufacturers. * 
In every case where recommendations are made they will include 
both alternating and direct-current motors without favoring 

*one over the other. | 
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The committee enlisted the services of local Industrial and 
Domestic Power Committees and responses were received from 
Seattle, Milwaukee, and Cleveland with assurances that any 
work outlined by the committee would be carried out to the best 
of the ability of the local committee members. Тһе Industrial 
and Domestic Power Committee recommends that a careful 
study be made to determine to what extent local and national 
technical committees can cooperate in their work to mutual ad- 
vantage. It has been suggested that perhaps the technical 
committees depend too much on specialists and not enough on 
the vast fund of practical experience of the membership at large. 


Е. Н. MARTINDALE, Chairman. 
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ANNUAL REPORT OF COMMITTEE ON TELEGRAPHY 
AND TELEPHONY 


To the Board of Directors, 
The Committee on Telegraphy and Telephony submits the 
following report for the year 1916-17: 


COOPERATION IN AVOIDING INTERFERENCES 


Cooperation between the representatives of lighting and power 
interests and the operators of telephone and telegraph plants, 
directed toward avoiding hazards and interference, has pro- 
gressed, and the engineers of these different utilities are becoming 
better acquainted with the problems involved leading toward the 
friendly settlement of differences. Specific cases of interference 
are being met by the application of principles, some of which 
have been established as the result of experience and others 
which are in more or less advanced stages of development. 


TELEPHONY 


Applications of the developments which made transcon- 
tinental telephony possible have been extended so that now the 
cities of over 50,000 population in the United States, as well as. 
the territory adjacent to them, have been placed in telephonic 
communication with each other. These improvements which 
have increased the range of telephone transmission many-fold 
have been made with only slight changes in the lines and equip- 
ment and with no change whatever in the subscriber’s station 
apparatus. 

Beyond the advantage to the public of such a universal svstem 
of communication, its special value under war conditions, in 
problems of national defense, is of transcendent importance. 
This was demonstrated during the past year by a mobilization of 
systems of communication made at the request of the Secretary 
of the-Navy. This demonstration was conducted in cooperation 
with naval officers under the command of the Chief of Naval 
Operations. Continuously during three days the Navy Depart- 
ment at Washington and the Navy Yards and Naval Stations in 
the Continental United States carried on all their communication 
with each other and with the naval force in that territory by 
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telephone and telegraph over the wires of the Bell System. 
During this period instantaneous telegraph and telephone com- 
munication between any points involved in the mobilization was 
possible. 

Included in this demonstration was a test of wireless telephony. 
The battleship New Hampshire was connected with the system 
by wireless telephony and was able to receive and send com- 
munications while the vessel was at Hampton Roads and even as 
far out to sea as the southern drill grounds. Conversation 
between the Mare Island Navy Yard on the Pacific and the 
battleship New Hampshire while at sea was possible. Captain 
Bennett, in command of the Mare Island Navy Yard, conversed 
with Captain Chandler on the New Hampshire which was at that 
time in a storm on the Atlantic. This conversation was trans- 
mitted over the transcontinental telephone wire circuit from 
Mare Island, California, to the ratio station at Arlington, Va., 
and there transferred automatically to the wireless from Arling- 
ton to the ship at sea, the return conversation taking the opposite 
course. | 

The mobilization was intended primarily to test the efficiency 
of the wire system in time of war. The Secretary of the Navy 
and the Admiral in command at Washington talked to the 
commanding officers of the naval stations on the Pacific coast, 
on the Gulf and Atlantic coasts and on the Great Lakes. Тһе 
results of this mobilization were most satisfactory and demon- 
strated that the plant and organization involved were in com- 
plete readiness to respond in case of national emergency. 


TELEGRAPHY 


In the subject of telegraphy, beyond the increasing use of 
automatic devices and methods, there have been no new develop- 
ments completed concerning which reports can be made at this 
time. 

RADIO-TELEGRAPHY 

Along the lines of commercial application of radio-telegraphy 
there has been an extension in the long distance service by the 
Marconi Company opening up communication with Japan via 
Honolulu. There are also high powered U. S. navy stations 
located in California, Hawaii, the Canal Zone and the Philip- 
pines. The two German stations located at Sayville and Tucker- 
ton have done a large business in transmitting messages to and 
from Germany directly. 
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The tendency іп radio-telegraphy in its use on ships has been 
towards standardization in the form of the sets. This is par- 
ticularly true in the spark type of sets. There has been an 
increasing use of sustained waves on ship stations. Тһе general 
service rendered by the ship stations has continued to be of large 
and increasing value. 

Тһе use of sustained waves is increasing. The power required 
for this method is generated by arcs or by high-frequency alter- 
nators either directly or through frequency transformers. 


Е. L. КнорЕз$, Chairman. 
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ANNUAL REPORT OF THE MARINE COMMITTEE 


To the Board of Directors, 

The Marine Committee submits the following report for the 
year 1916-17: | 

The shipbuilding industry has been submerged with work 
both of the merchant variety as well as the naval type of vessel. 
Heavy demands have been made upon the time and talents of the 
electrical engineer. New and extensive applications of the 
electric motor have been made. Many of the merchant designs 
have departed from the conventional direct-current lighting 
plant to a complete equipment of alternating-current lighting and 
motor service including engine room as well as deck auxiliaries. 
These plants have followed commercial.land practise using 
250-volt, 60-cycle, 3-phase alternating current. Two or more 
merchant vessels now under construction will be electrically 
propelled. The navy preparedness program included over one 
hundred and fifty vessels and the capital ships are to be elec- 
trically propelled. | 

PRESENT ACTIVITIES 

The rules for marine installations compiled last year and 
adopted by the National Board of Fire Underwriters were ac- 
cepted this year without change by the American Bureau of 
Shipping. These rules were simultaneously submitted to Lloyd's 
Register of British and Foreign Shipping and their representa- 
tives in this country suggested that our committee confer with 
the British Institution of Electrical Engineers. We are at present 
in correspondence with the rules committee of the British Insti- 
tution and are awaiting ways and means of accomplishing the 
final acceptance of Lloyd's Register. This acceptance will com- 
plete the work of standardization of marine installations. А 
sub-committee was appointed at the beginning of the year to 
consider tentative rules for the installation of wires and wire- 
ways specifically for electric propulsion but this sub-committee 
in a partial report indicates that the subject cannot be well 
handled while the designs proposed are still in an unsettled state. 
One technical paper has been in course of preparation since last 
August and three other papers were requested. Тһе stringency 
of the times has not permitted the writers to effect an accom- 
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plishment. Тһе confidential restrictions placed on naval affairs 
forbids the publication of technical data at this time and this 
committee is of the opinion that general or suggestive papers 
would not be of value to the TRANsAcTIONS of the Institute. Тһе 
applications of electricity to the merchant service are in the na- 
ture of innovations and their value remains for determination 
after their performance has been carefully observed in practise. 


FuTURE SUGGESTIONS 


The unfinished negotiations with Lloyd's Register of British 
and Foreign Shipping should be brought as soon as possible to a 
favorable conclusion. Тһе preparation of tentative rules cover- 
ing the installation of electric propelling machinery and corre- 
lated matters should be entered upon as soon as opportunity 
permits, so as to avoid restrictions or complications that may 
take place due to lack of rules or the transfer by interpretation 
of old rules to a new and not fully understood application. 
Continuity in committee work is essential to progress and the 
chairman of this committee has consistently laid before the 
secretary of the committee all matters connected with the actions 
both external and internal of the committee so that full informa- 
tion is available to the succeeding committee. It is believed that 
sub-committees which have not been able to complete their 
work should be continued until discharged. Іп view of the 
conditions briefly alluded to it seems almost impracticable at 
present to suggest any methods for the production of technical 
papers. It may be expected, however, that in a few months the 
conditions may change, sufficient experience gained, and results 
obtained, to allow of the collection of much valuable information 
for the TRANSACTIONS. 

` Н.А. Hornor,: Chairman. 
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ANNUAL REPORT OF COMMITTEE ON THE USE OF 
ELECTRICITY IN MINES 


To the Board of Directors, 


The Committee on the Use of Electricity in Mines submits 
the following report for the year of 1916-17: 


PRINCIPAL DEVELOPMENTS IN THE USE or ELECTRICITY IN 
MINES 


The more notable advances in the use of electricity in mines 
during the past year have been in the directions enumerated 
below: 


The development of storage-battery locomotives and com- 
bination storage-battery and trolley locomotives. 

The development of trolley locomotives in sizes up to 35 tons. 

The development of the so-called ‘‘arc-master’’ for use with 
mine locomotive controllers. К 

The increased use of power purchased from central stations. 

The application of electric motors to the ventilating fans of 
coal mines. 

General improvement in the design and construction of mine 
electrical equipment, and increased use of interpoles and improve- 
ment in the methods of impregnating motor windings to make 
them moisture resisting. 

The increased use of 2200 volts and higher voltages for under- 
ground transmission and for direct application t to stationary 
motors used in mines. 

The development of explosion-proof motors for coal mines. 

The development and widespread adoption of self-contained 
portable electric lamps for miners. (This is believed to be one 
of the most effective safety measures that has been taken in 
some time). 

The development of a practical electrically operated recipro- 
cating drill. 

The increased use of electrically operated coal cutting equip- 
ments. 

Increased interest in safe electrical equipment and measures 
for safeguarding the use of electricity,in mines. 
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ACTIVITIES OF THE MiNES COMMITTEE 


The Mines Committee was reorganized rather late in 1916 and 
for thàt reason has not accomplished as much as the members 
could have desired. Тһе committee has recommended to the 
Institute that active steps be taken to increase the membersbip 
of the Institute among electrical engineers engaged in mining 
work. They have also recommended that a vocational classi- 
fication be made of the membership of the Institute, to the end 
that all technical committees can readily determine what епрі- 
neers are interested in the particular work of the committee. 

The committee has also recommended that meeting at which 
mining papers are presented should be the meeting held at 
Pittsburgh, or one of the sessions of the Mid-Winter Convention, 
in the event of the Mid-Winter Convention's being held simul- 
taneously with that of the American Institute of Mining Engi- 
neers. The committee points out that under no other circum- 
stances can we be assured of an audience sufficiently interested 
in mining subjects to warrant the committee in asking the more 
prominent mining electrical engineers to present papers. 

The principal work of the committee has been done in con- 
nection with suggested rules for the use of electricity in bitu- 
minous coal mines. These rules were prepared by two members 
of the committee in collaboration with a majority of the rest of 
the committee and other mining men and electrical engineers. 
The rules were prepared under the supervision of the United 
States Bureau of Mines, who stands sponsor for them. These 
rules were formally submitted to the Institute by the Mines 
Committee, with a request that they be approved and adopted 
by the Institute. The rules were referred first to a joint com- 
mittee of the Standards Committee and the Code Committee, 
who found that there was nothing in the rules incompatible 
with the Institute's Standardization rules. Тһе Mines rules 
were then referred to a joint sub-committee composed of members 
of the Mines Committee and Standards Committee, who re- 
ported favorably upon them to a joint session of the Standards 
Committee and the Mines Committee, and the joint session 
recommended to the Board of Directors that the Institute approve 
these rules in the interests of safety, good engineering practise, 
and standardization. Тһе Board of Directors then referred the 
rules once more to the Code Committee, which at the date of 
writing this report still has the rules under consideration. 
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SUGGESTED FUTURE ACTIVITIES 


It is suggested that the aim of the Mines Committee in the 
future be to get nearer to the electrical mining men, to urge the 
Institute to do things to interest such men and attract them to 
merpbership in the Institute. 

An effort should be made to recruit the Institute ranks with 
as many of such men as possible and have mining sessions at 
which the best electrical men in the industry present papers. 
The time for such а move was never more opportune. It is 
suggested that if the Institute will interest itself in standards 
for mine safety and other mine electrical standards such an 
attitude will do more than anything else to interest a class of 
members that the Institute needs very much. 


Н. Н. Crank, Chairman. 
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ANNUAL REPORT OF IRON AND STEEL COMMITTEE 


To the Board of Directors, 


The Committee on the Iron and Steel Industry submits the 
following report for the year of 1916-17: 

The Iron and Steel Committee is arranging to cooperate, if 
possible, with the Association of Iron and Steel Electical Engi- 
neers for providing papers for their annual convention in Sep- 
tember. Details of this cooperation have not vet been worked 
out. : 

From a study of the relations between the А. I. E. E. and the 
A.of I. & S. E. E, it is evident that it 1s desirable to formulate 
some kind of policy for the А. I. E. E. to follow. 

The А. of I. & S. E. E. came into existence about ten years 
ago, as at that time it was thought bv the mill operators that 
the activities of the А. I. E. E. did not cover the field in a wav 
helpful to them. It was, therefore, decided to form an inde- 
pendent association that would deal with the problems of steel 
mill operators in а proper manner. Тһе only persons eligible 
to full membership are electrical superintendents of steel mills 
or other plants allied with the steel industry. Members of 
manufacturing companies are only eligible for associate member- 
ship and take no part in voting. 

It is evident from a knowledge of the constitution of the two 
societies that there 1s a natural division between their activities. 
The А. of I. & S. E. E. 1s primarily interested in the collection 
and exchange of data relating to operations. Such data are of 
interest only to persons interested in the steel industry. Тһе 
А. I. E. E. 15 interested in the development of the electrical 
apparatus generally and questions of design of apparatus and 
special functions are of interest to many of its members. Тһе 
information that may be obtained from papers and discussions 
is of interest to the whole industry whenever it contains an 
element of more than local application. It would, therefore, 
appear that as far as papers are concerned it would be natural 
for those covering operating features or special methods of in- 
stallation, operating costs, etc., would be within the province of 
the A. of I. & S. E. E. Papers dealing with the design of the 
apparatus or with the relation of apparatus used in steel mills 
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to apparatus used in other industries, would naturally appear to 
be within the province of the A. I. E. E. 

There are, of course, many points at which there may be a 
conflict. For instance, a paper dealing with the interconnection 
of a number of independent generating stations in steel mills 
so as to utilize their combined capacity to better advantage, 
would be a natural subject for discussion before the A. of I. 
& S. E. E. On the other hand, such а paper would also be of 
interest to the A. I. E. E. as it relates to a problem which is an 
every day matter of power generation and distribution. There 
are bound to be a number of such papers read before both 
societies. Оп the other hand, a paper dealing with the design 
of a rolling mill motor would naturally be the subject for the 
А. Г.Е. Е. аз а rolling mill motor 15 only a special form of one 
class of electrical machinery. However, the paper dealing with | 
method of installing such a motor and the peculiar conditions 
under which it might operate would be proper subject for the 
A.of I. & S. E. E., asit would only be of interest to the members 
of this association and not the membership of the А. I. E. E. 
generally. 

In this connection, it must be borne in mind that the majority 
of full members of the А. of I. & S. E. E. are members of the 
А. I. E. E. and it 15 also a fact that practically every one in the 
A. I. E. E. interested in the steel industry are members or asso- 
ciates of the A. of I. & S. E. E. 

This matter has been gone into at some length as it would 
appear advisable for the A. I. E. E. to adopt a fixed policy 
regarding acceptance of papers to be read before it on subjects 
dealing with the iron and steel industry. 

An important activity of the A. I. E. E. is being duplicated 
to some extent by the A. of I. & S. E. Е., т.е. Standardization. 
It does not appear that it is advisable for the A. of I. & S. E. E. 
to attempt a standardization of apparatus in competition with 
the A. I. E. E. but it would appear desirable for the A. of I. 
& S. E. E. to adopt the standards of the A. I. E. E. and to have 
a sub-committee of the A. I. E. E. Standard Committee to take 
care of any special characteristics that may be found necessary 
for the successful operation of apparatus in the steel industry. 
In this way a useless duplication of the work can be avoided and 
also the natural confusion that will arise regarding requirements 
if there are several standards. Тһе manufacturing companies 
are certain to adhere to the A. I. E. E. standards and there 
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would be continual difficulty regarding exceptions to апу other 
set of standards. | 

It would appear that there is a field of activity in the steel 
industry that should be probably covered by the A. I. E. E., 
but at the same time an effort should be made to avoid the 
presentation of papers which interest onlv a small section of the 
Institute membership and which would be more effective if 
read before an association all of whose members would be 
interested in the subject. It is, however, desirable that an 
effort be made bv the A. of I. & S. E. E. to avoid unnecessary 
attempts at standardization if the same result can be obtained 
by cooperation with the А. I. E. E. 

It would seem desirable that a small committee of the A. I. 
E. E. should be formed to confer with a similar committee of 
the A. of I. & S. E. E. to arrive at an understanding regarding 
the activities of each society in connection with the iron and 
steel industry. In this wav a definite settlement can be ar- 
rived at and a policy fixed for the future. The A. I. E. E. 
committee should preferably consist of members not associated 
with the iron and steel industry. All members of the А. I. E. E. 
connected with this industry are necessarily more or less asso- 
ciated with the А. of I. & S. E. E. and it is rather difficult for 
them to differentiate between the claims of the two societies. 


WILFRED SYKES, Chairman. 
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ANNUAL REPORT OF THE EDUCATIONAL COMMITTEE 


To the Board of Directors, 

The Educational Committee submits the following report for 
the year of 1916-17: | 

The Educational Committee has devoted its attention to.the 
subject of devising a scheme to assist and encourage the younger 
members of the Institute in developing themselves by under- 
taking the study of research and practical problems which it is 
hoped will be collected for them by the Educational Committee 
in the future from the older members of the Institute and pre- 
sented in the form of competitions. In doing this your com- 
mittee has been carrying forward and enlarging the policy of the 
Educational Committee of the preceding years. 

It is the sense of your Committee that the Educational Com- 
mittee should endeavor to assist the younger members of the 
profession to improve their training in engineering by carrying 
on volunteer graduate work of a practical character under the 
advice of the older members who are in the active practise of the 
profession. 

There is apt to be a gap in the intellectual training of an en- 
gineer from the time he leaves his technical school, while he 1s 
engaged in the important but ruder type of work of the shop or 
field, till he has “Чоппа himself” and made a sufficient reputation 
to be taken into the office and put upon the higher problems of 
engineering. During the time of this gap numerous young men 
feel a want, a longing to do something which will improve them- 
selves and give them an opportunity of demonstrating their 
capacity to the older members of the profession. At present only 
the exceptional ones have sufficient originality and progressive- 
ness to think out problems for themselves and tackle them. 
The majority of the good men devote their spare hours to reading 
and the remainder just drift along. 

While reading and study will develop one's knowledge it will 
not develop originality, inventiveness and resourcefulness. Only 
the application of knowledge to specific problems will do that. 

The young men in this category are particularly the younger 
members of the Institute forming the substantial part of the 
membership of the "Branches," but also the enrolled students 
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and students in technical schools should be considered. The 
Institute should consider that these men cannot attend the 
general meetings very frequently and that the majority of the 
papers presented before thesé general meetings are too specialized 
(о appeal їо them. Yet these men are the future backbone of the 
Institute and the profession. It is therefore the duty of the 
Institute to hold their interest and train them. "This is a matter 
which should interest the Sections Committee also and should aid 
in strengthening its work and it also can aid іп carrying on this 
work. 

Thus vour Committee urges a cooperation between the Sec- 
tions Committee and the Educational Committee in the work of 
providing programs of papers and study for the younger members 
through the medium of the branches. 

The committee has sketched out a scheme of action which it 
recommends should be developed and followed up bv successive 
Educational Committees throughout a term of vears. 

Тһе program should begin with a meeting of the Institute de- 
voted to this subject for which papers would be invited from a 
few of the older men which should deal with the subject of what 
qualities and training after graduation are most valuable іп the 
voung engineering graduate. А few written discussions of the 
main papers should also be invited. At the same meeting there 
should be presented some letters from the vounger members 
stating their point of view and the obstacles they encounter in 
the wav of advancement. 

The Educational Committee should collect suggestions for re- 
search and hypothetical problems of a practical and theoretical 
nature from older members and present them to the membership 
through the medium of the branches. Work on these problems 
should be organized in the form of competitions similar to those 
carried on successfullv for a number of years by the Engineer's 
Society of Western Pennsvlvania. The committee acknowledges 
the helpful and valuable suggestions imparted to it on this sub- 
ject by Dean Leete of Carnegie Tech. School. To carry out this 
scheme the Educational Committee should actively solicit 
suggestions from the older members and should send out from 
time to time a list or program and announce a time at which the 
solutions would be considered and graded. Тһе Educational 
Committee should assume the responsibility of grading these 
reports but should appoint judges from engineers outside of its 
membership. Later the most praiseworthy solutions should be 
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published and a meeting of each of the branches set for the 
discussion. If possible awards should be made for the best 
solutions although it is probable that the honor of having the 
paper published and discussed would be a sufficient incentive. 

The Educational Committee from time to time should invite 
prominent members of the Institute to write papers on funda- 
mentals or principles of the design and operation of electrical 
apparatus or systems which would make our proceedings of 
more interest to the younger members. As examples of papers 
of this character are two by Mr. B. G. Lamme on Commutation, 
1911, and on Iron Losses in D-C. Machinery, 1916. 

Your committee recommends that relations be established with 
the Educational Committees of the other three Founder Societies 
for an exchange of views and coordination of methods as we 
understand that the А. S. M. E. is endeavoring to carry out 
a similar policy to strengthen its hold on the younger members 
through the cooperation of the Educational and Sections Com- 
mittees. 

In general the plan outlined is intended to supply the missing 
link in the development of the engineer between the time of 
graduation and the time he really begins to accomplish something 
and becomes an identity in the engineering profession. 


W. I. білснтев, Chairman. 
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ANNUAL REPORT OF THE POWER STATIONS 
COMMITTEE 


To the Board of Directors, 

At the first meeting held October 13, 1916, the scope and ac- 
tivity of the Committee were analvzed with a view of avoiding 
the present unnecessarv duplication found in the numerous com- 
mittees of the various sister societies. Тһе opinion has been 
advanced that manv of the overlapping committees would do 
better to limit their work to the subjects peculiarlv proper to 
their own societv, and omit the investigation of subjects falling 
more nearly in the work of other societies, utilizing the work of 
sister society committees to complete the field when necessary. 

For instance, the design of turbines, stokers, bearings, and 
boilers is very properly the work of the A. S. M. E. It isa 
waste of time for the A. I. E. E. to go through all the work of 
the Boiler Code again: "Therefore, the boiler code of the A. S. 
M. E. was offered to the standards committee with the recom- 
mendation that it be approved, since, presumablv, the Mechan- 
ical Societv should be the highest authority on a mechanical 
subject. Action has been deferred for the present. In the 
opinion of the committee the right move has been made on 
subjects common to several societies in the formation of the 
joint committees on the cost of electric power. 

With the above in view, a resolution was passed (a) that the 
function of this Committee is to investigate and report on the 
engineering of power stations beginning at the prime mover and 
ending at the outgoing cables; (b) that the investigation of 
specific problems on the remainder of the power stations, and 
allied engineering affecting it, shall be formallv referred to 
appropriate committees of sister societies for action. This Com- 
mittee will utilize the resulting action of such sister societies in 
completing its own reports. This Committee believes in useful- 
ness of joint committees in getting the full results on a subject 
covered to the best advantage Бу each societv in its own 
special field as far as 1s practicable. 

The subjects offered for investigation are given below. 

(1) Safetv First Work in Regard to Arrangement and Installa- 
tion of Apparatus: This was referred to Mr. Torchio, who has 


624 TECHNICAL COMMITTEE REPORTS 


reported that the reference material on this subject was already 
very fully covered by the National Electric Safety Code and 
the Fire Insurance Companies. 

(2) Combined Hydraulic and Steam Plants: This was thought 
to be a subject of special solution in most cases, but a committee 
consisting of Mr. Scattergood, Mr. Harisberger and Mr. Mere- 
dith was appointed to get up a paper on the economics and 
design of hydroelectric and steam developments. 

(3) Ехсиайоп: This subject was taken up broadly, the 
original suggestion only covering the use of the combination 
electric-steam-drive unit now becoming popular. А committee 
consisting of Mr. Wallau, Mr. Wood and Mr. Harisberger and 
Mr. Kruesi, Mr. Smith later substituted for Mr. Kruesi, on 
account of the latter's ill health. 

A preliminary report has been prepared, which will in all 
probability be submitted in final form by September. 

(4) Methods of Heat Analysis and Distribution for Steam Power 
Plants: Mr. Pigott, Mr. Gorsuch and Mr. Wood form the 
subcommittee and were instructed to cooperate with the N. E. 
Г. A. Prime Movers Committee. Upon attempting this, it was 
found that the N. E. L. A. Committee thought its work was too 
far along to make it advisable to modify their report, but it 
will be used in working up ours. А paper on the subject is to 
be ready by September. | 

(5) Аж Conditioning for Generators: Dr. Moss, Messrs. 
Lincoln, Moultrop and Torchio were appointed to investigate 
the status of the air washer and filter for generators.  Prelimi- 
nary report, March 17th, shows that while the advantages of 
air conditioning are undoubted, the results obtained do not 
always justify the expense of the equipment, on account of 
inefficient working of the washer. Тһе committee is not satis- 
fied with the data at present on hand, and is collecting further 
information. 

(6) Rating of Switches апа Breakers for Dusty or Dirty Atmos- 
phere: Тһе question of cutting the rating of switches and 
breakers in cement and cereal mills, or other dusty atmospheres, 
was brought up by Mr. Drabelle. It was the opinion of the 
Committee that this subject should be referred to the Committee 
on Standards, which was done. 

(7) The Ford Power Plant: Оп examination of Mr. Allison's 
paper it was thought desirable that some actual operating data 
from this plant should be given, rather than predictions, and 
the matter was therefore laid aside for the present. 
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(8) Improvement of Waterwheel Test Code: The opinion of the 
Committee was that the problem should only be attacked from 
the electrical end by way of known generator losses, etc., leaving 
the mechanical end to be handled by the A. S. M. E. and the 
М. E. L. A. in whose hands it more properly belongs. Mr. 
Lincoln, with Mr. Egbert, and Mr. Reist, were appointed to 
handle this matter. Хо report up to the present. 

(9) Design of Mimic Switchboard: This subject was brought 
up by H. R. Parker of the Toronto hydroelectric system; he 
was referred to several companies using these boards, as it was 
thought committee work for immediate construction purposes 
would be too slow. 

The chairman of the Committee, Mr. DeRemer, has been 
forced to relinquish this work for the present on account of being 
called to Washington on Government work. The writer was 
appointed to carry on the work and wishes to apologize for any 
shortcomings of this report, as it has been prepared on notice 
too short to allow of bringing all sub-committee’s reports up to 
date. 

В. J. S. Picott, Vice-Chairman. 
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ANNUAL REPORT OF COMMITTEE ON ELECTROCHEM- 
ISTRY AND ELECTROMETALLURGY 


To the Board of Directors, 

The Committee on Electrochemistry and Electrometallurgy 
submits the following report for the year 1916-1917: 

In the absence of Capt. T. H. Schoepf on military service the 
following brief memorandum on the work of the Electrochemistry 
and Electrometallurgy Committee, has been compiled from the 
files of the chairman, with the hope of giving the new committee 
and chairman the benefit of the suggestions and opinions of the 
retiring committee. 

No sessions on electrochemical subjects were held during the 
year as none of the papers reviewed by the committee, were 
suitable for presentation except at joint meetings with the 
American Electrochemical Ѕосіеѓу, · and such joint meetings 
could not be arranged because of conflicting dates. 

It was Chairman Schoepf's plan to work up some good papers 
for the coming year and he made an endeavor to find out from 
the most prominent engineers іп the electrochemical industries, 
what subjects should be considered by the committee and pre- 
sented before the Institute or before a joint meeting with the 
American Electrochemical Society. The replies to the first 
request by the chairman and the subsequent opinions of the 
members of the committee, on suggested subjects, seemed to 
indicate a wide difference of opinion regarding the advisability 
of presenting some of the proposed papers. 

The most popular suggestions were electric furnaces and the 
fixation of nitrogen, however some of the electrochemical special- 
ists feel that papers on these subjects, which have been treated 
repeatedly by other societies, would result in duplication, unless 
some hitherto untouched phase of the subject 15 to be dealt 
with. 

Other subjects which have been suggested and discussed by the 
committee are: electrical porcelain, electric cells and batteries, 
electrolytic copper, conductors of copper vs. iron vs. aluminum, 
coal vs. water power for electrochemical industries. 

The last subject, seems from the correspondence, to be worthy 


-. 
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of careful study and of great interest to both the steel and elec- 
trochemical industries, in view of the recent developments in 
large steam power units and the water power restrictions im- 
posed by the Government. | 

It is the suggestion of the retiring chairman and some of the 
members of the committee that this timely subject be taken up 
by the new committee and presented before a joint meeting with 
the American Electrochemical Society. 

Another suggestion which met with approval was to have Mr. 
Liljenroth present a comprehensive paper on nitrogen fixation 
including the-Norwegian practise, if the proper approvals can be 
obtained and there is no military objection to discussing the 
processes in the coming year. 


L. W. Сновв, Secretary Meetings and Papers Committee. 
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THE ENGINEER'S DESTINY 


PRESIDENTS ADDRESS 


BY H. W. BUCK 


HERE has been much discussion concerning the position 

of the engineer in modern times, but conditions are chang- 

ing so rapidly and points of view are undergoing such a funda- 

mental evolution that it is well from time to time to review the 

relations of the engineer to his surroundings and to secure if 
possible the proper orientation. 

The change and improvement in the engineer's position in 
the world in recent years has been so rapid as to surprise even 
those who were the optimists in the under-dog days of the en- 
gineering profession. In the middle of the last century, when 
the engineering and technical schools began to be formed іп this 
country by men of far-seeing vision, the classical scholars looked 
on askance and took pains to differentiate these upstart institu- 
tions from their own traditional schools of learning and to 
ostracize those who pursued the new courses by classifying the 
professions as “1еагпей” and technical. 

Times fortunately have changed. Тһе engineering profession 
is coming into its own. To-day the engineer is being swept along 
with an irresistible force, by a tide which he himself has created, 
and it is well therefore for the engineer to take his eyes off his 
work occasionally and to observe his constantly changing 
surroundings. А flood of scientific and technical accomplish- 
ment has swept over the face of the earth, revolutionizing life, 
commerce and international destinies. Even the turmoil in 
which the world now finds itself can probably in the last analysis 
be traced to the over acceleration of world affairs resulting from 
the work of the scientist and engineer. 

During all this development period of the engineering profes- 
sion during the past century the engineer has worked his way 
along alone and in silence, so to speak, seeking his reward rather 
in the joy of accomplishment and in the realization of his dreams 
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than in worldly recognition and accumulation. The very in- 
herent greatness of the pioneers who have laid the foundations 
upon which we now build prevented them in a way from acquir- 
ing a more worldly position in affairs. This tradition, however, 
is not a virtue beyond a certain point, and the engineer by nature 
is too willing to give way to others. The time has come when he 
should take a more worldly position in the world which he him- 
self has created. 

In our general relations to intellectual development we may 
consider that we are just emerging from a classical period where 
tradition, custom, prejudice, ignorance and dogmatic religion 
were the controlling forces. Movements which took place in 
world affairs were largely political, following the paths best 
suited to the advantage of the ruling classes. There was little 
real progress, because there was no development of scientific 
knowledge and its application in engineering. Scientific truth 
held no standing. The worship of tradition caused a powerful 
reaction against any scientific discovery which might necessitate 
a readjustment of established habits of thought and life. 

For centuries before the dawn of the scientific and engineering 
era great changes took place throughout the world, but little 
real progress occurred. Races rose and fell, always falling back 
to the starting point, for there can be no upward trend in racial 
development without the solid basis of scientific knowledge to 
grow upon. China made great progress and developed its early 
civilization under scientific activity but during recent centuries 
it has lived under the worship of classical tradition atid has 
become inert. 

A constant change in point of view, which 1s so largely brought 
about through developments in scientific knowledge, seems to be 
necessary for progress in civilization. Our civilization to-day 
differs from that of a century ago in proportion to the scientific 
and engineering evolution which has taken place during the 
period through its reactions on life in all of its phases. Such 
discoveries in science as the law of gravitation, the evolution in 
species, the laws of electro-magnetic induction, etc., have prob- 
ably had a more profound effect upon the development of the 
human race than any other acts in history. 

The engineering profession has passed through the preliminary 
stages of its growth and has reached a position where the engineer 
should work and act not only with proper attention to his work 
itself but with full consciousness of the important relation of his 
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work to human affairs іп general. Among the early pioneers 
in engineering were many notable instances of men of great 
breadth of view. Men like Watt, Fulton, Whitney, McCormick, 
Erickson and others. Specialization had not at that time begun 
to work its narrowing influences. Of recent years, however, 
under the stress of commercial development and economic con- 
ditions, increasing specialization has taken place and the engineer 
has become obliged to compass his mind with an ever narrowing 
horizon. This specialization produces extraordinary proficiency 
in particular fields, but has the objectionable effect of narrowing 
the character and outlook of the man and of reducing his value 
as a citizen. We must take care lest commercial considerations 
and the modern mania for efficiency in the narrow sense does not 
force our engineers to lose sight of the world around them in 
their concentrated attention to the part rather than to the whole. 
This excessive specialization is а danger which threatens the 
future standing of the engineer. 

It is interesting to recall in this connection the results of a 
recent canvass made by a joint Committee on Education on the 
qualities which, in the opinion of some five thousand leading 
men, engineers and others, best fitted a man for a successful 
career as an engineer. As a result of this vote only 13 points out 
of 100 were assigned to purely technical knowledge as an essen- 
tial, the other 87 points being allotted to broader qualifications 
such as judgment, character, human understanding, etc. This is 
merely a quantitative statement of the many general demands 
now being made of the engineer and it illustrates how the work 
„ОЁ the engineer can be broadened out. It is an encouraging 
symptom. 

А most significant movement of recent times in the engineering 
world has been the development of cooperative action among 
engineers of all classes, and this tendency will, I believe, serve to 
offset the evils of specialization. It 1$ the growing recognition 
of the fact that all branches of engineering are interdependent. 
We electrical engineers, I believe, are well aware how much we 
need the assistance of other branches of engineering for the 
successful fulfillment of our purpose. 

This cooperative movement has quite recently been given 
tangible expression in the formation of the Engineering Council, 
an act, I believe, of far-reaching consequence. Under this organi- 
zation as a beginning the Civil, Mechanical, Mining and Electri- 
cal Societies together with the United Engineering Society are 
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tied together for cooperative action through a joint body of 
twenty-four representatives. This body will meet at frequent 
intervals and will deliberate on matters of general interest to 
engineers. It is an encouraging beginning toward universal 
cooperation among engineers in all branches of work. 

In this Engineering Council we have for the first time an 
engineering body representing some thirty thousand engineers 
of sufficient scope and standing to create an engineering public 
opinion. Its influence is likely to be far-reaching in building up 
the prestige of engineers in both technical and civic affairs. 

A further development which has reached full recognition 
only in recent times is the mutual appreciation which has grown 
up between the engineer and the worker in pure science. The 
engineer looks to the scientist to provide him with raw materials 
of knowledge with which to work out his applications, and the 
scientist must look to the engineer to make his discoveries so 
fruitful that the full effectiveness of his work on the frontier of 
research can be sustained. Both are working together in order 
to unfold nature in the most effective way for the benefit of man. 

. We electrical engineers, I think, feel a particularly close bond 
with the pure scientist in that recent developments in physical 
science have disclosed an intimate relationship between electrical 
phenomena and the nature of energy and matter. 

All of the important movements which are taking place at 
the present time, which center around the engineer and his work 
mean, I believe, that the engineer is soon going to leave his 
position of isolation in independent fields of work and realize 
that he owes an obligation to the community broader than his 
daily engineering work, and will contribute to the general wel-- 
fare his talents and experience. . It matters not whether the 
problems before him are political, sociological, industrial or 
technical, I believe that the engineering type of mind, if the 
proper breadth of view has been acquired, is best fitted to under- 
take them. | 

It is not necessary, perhaps, in important administrative 
positions to have civil, electrical or mechanical engineers as such, 
but we do need men in those positions who have had training of 
the type which engineering gives, with the mental balance, the 
power of analysis which such a training develops, the resource- 
fulness and the faculty of recognizing and properly apportioning 
the various elements in a problem. "There is a quality of mental 
honesty which engineering experience highly develops which is 
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sorely needed in public life. Тһе scientific and engineering 
professions should rise up and furnish such men from their ranks 
for the best welfare of the country. 

The classicist contends that a world dominated by scientists 

and engineers would be cold, materialistic and atheistic and 
lacking in those qualities of art and sentiment and the imagina- 
tive outlook which every civilization so highly prizes. To this 
doctrine and its injustice to the engineer I want to take emphatic 
exception. The world today may be inclined toward materialism 
but it is not dominated by the engineer, far from it, but by other 
classes. The engineering mind on the other hand is characterized 
by a highly developed creative imagination and possesses to a 
high degree exactly those qualities of mind and temperament 
best suited to combat materialism. There have been many 
instances in history of great artists who have been great en- 
gineers and vice versa, and I believe that the two temperaments 
lie in close relationship. Furthermore, scientists and engineers 
as a class, have a strongly developed spirit of international 
understanding and sympathy which may serve as an important 
safeguard against excessive nationalism and aggression. 
. And so, gentlemen, I believe that we can confidently look 
forward to a new era for the proper fulfillment of the destinies 
of the engineer. Out of this world chaos we now see men of 
engineering and scientific training rising to positions of com- 
manding prominence on all sides. It is simply the working of 
the inevitable law of the survival of the fittest. 

In this great movement not only must the individual engineer 
play his part, but the great engineering societies must realize 
the power of influence which they are developing in an ever 
increasing degree in the community and the obligations which 
devolve upon them. 

And so I hope that the American Institute of Electrical 
Engineers as it passes along from one administration to another 
will acquire an increasing realization of its duty, not only in 
furthering the growth of science and engineering, but in further- 
ing the influence of the engineer in the affairs of the country 
and of the world. 


Presenisd at the Special Meeting of the Ameri- 
сая Institute of Electrical Engineers, New 
York, June 27, 1917. 
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ADDRESS BY PRESIDENT-ELECT E. W. RICE, JR. 


T GIVES me great pleasure to meet vou here tonight and to 
be thus introduced as vour President-Elect. I thank vou, 
and through vou, all the members of our great Institution, for 
the honor which vou have conferred upon me in selecting me 
to be, for a time, vour official leader and chief servant. I hope 
І тау have the strength, the ability and the opportunity to 
render such service as to justify. in some measure, vour confi- 
dence. I fully appreciate that, with such a great honor, is 
coupled an equally great responsibility and I value the position 
as an opportunitv to be of service to vou, and through vou, to 
our Countrv. | 

The standard set bv the long line of illustrious and industrious 
men who have alreadv filled the position of President, will be 
constantlv before mv eves and will, vou inav be sure, stimulate 
me to do mv best. 

It is a great satisfaction to feel that. bv a wise custom of our 
Institution, President Buck апа Ex-President Carty will remain 
on our Board of Directors throughout the term of mv adminis- 
tration. Г shall lean heavily upon them for their experienced 
counsel and assistance. 

No body of men can get together at the present time without 
soon discussing the subject of the war, which is uppermost in 
everyone 5 mind. 

The war 1$ the one dominating factor in the world life and 
thrusts itself before our thoughts whether we wish it or not. 
We are in the war at last and will remain in it to the end. 
Whether it shall be a bitter end or a bnght end will depend 
largely upon ourselves. as it is now our war. 

It has been stated manv times that modern war was largelv 
a question of mechanics and engineering, a statement with 
which we must all agree. It 15 self evident that engineering 
must, therefore, take a leading and dominant position in the 
war work. Now the electrical engineer stands for about the 
-latest thing in engineering development: his activities embrace 
practically ail other fields of engineering, being. so as to speak, 
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the last word in engineering. Тһе electrical engineer must, 
therefore, realize that this is his war in а very personal and 
particular sense. 

War calls for supreme sacrifices and the deepest devotion, 
but it also demands something more difficult to give, and that 
is work. War may be said to be the personification of work, 
not only individual work, but especially organized and disci- 
plined work,—disagreeable, dirty, heartbreaking, backbreaking, 
nerve-racking work, but always work. No nation of loafers ever 
won à war. Other things being at all equal, that nation or 
people who are willing to work the hardest will surely win the 
victory. Now I wish to point out that the enemy we are fight- 
ing 1$ recognized as the most industrious organization in the 
world. Our enemy has prepared for war for fifty years and has 
been working with ever-increasing energy ever since the war 
started three years ago. We made no adequate preparation 
during all this time and therefore started with a fearful handi- . 
cap of lost time and lost opportunities. We must not delude 
ourselves that our enemy is exhausted, but remember that he 
has the advantage of a flying start. We must accelerate at an 
incredible rate if we аге to get our war-motor going fast enough, 
soon enough to catch up. 

Our enemy boasts that we have started too late. We must, 
by the hardest work directed with scientific skill and accuracy, 
organize and effectively utilize all our power of work to make 
his prophecy an idle boast. 

The country is trembling with eager anxiety to help. Men and 
women are offering their services and their money. АП еуев are 
turned toward Washington and to many everything seems con- 
fusion, and as a result, we are full of criticism. Мом I think it 
is clear that nothing is to be gained by destructive and captious 
criticism. We must discipline ourselves with patience, and if 
we take a broad view, we must admit that progress is being made. 
We must remember that a democracy of a hundred million 
people, whose thoughts and habits have been entirely those of 
peace, cannot change to the methods of war in a day, or a month, 
Or even a year. 

War is a business and must be handled as a highly organized, 
centralized, autocratic enterprise. We must, no matter how 
repugnant it may be to our habits and thoughts, temporarily 
adopt such methods of our enemy as are known to be efficient 
and successful, because the penalty of failure is death. War 
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isso repugnaht to our ideals that it takes time to realize 
the necessity for and make the collosal changes demanded 
in every direction. We must, therefore, as I have stated, 
avoid captious criticism and confine ourselves to constructive 
crticism, and that sparingly and sympathetically administered. 
. There is one idea which we must abandon. Тһе great ma- 
jority of our people, who have no acquaintance with science or 
engineering, is prone.to imagine that this war will be settled 
quickly by some wonderful new invention, as if by an act of 
 legerdemain; but you engineers realize that such a thing is 
practically impossible. It is so hopeless that it is cruel to permit 
any such idea to take hold of the American public. Neither 
is it possible for the war to be settled by the act of some hero or 
superman. It can only be settled by the united efforts of thou- 
sands of men, each contributing his bit. Team play in our civil 
army at home is as essential as in our fighting army abroad. 

I venture to suggest that we cannot all occupy desks at Wash- 
ington, and it is well for us, and for the country, that we cannot. 
We can, however, put ourselves and our business in such con- 
dition as to meet whatever demand is made upon us. Only 
relatively few can be useful in the direct service of the 
army and navy, but there is plenty of honorable work and useful 
work for us to do. The most effective work for most of us will 
be in the shops and offices at home, and everyone who does his 
work loyally and well, is as much a factor in our organized war 
as the man at the front. 

Now, properly understood, the fact that no single great 
invention is likely to be made which will win the war, is no cause 
for discouragement. It does not mean that there will be no 
improvement, no new inventions, no new methods devised and 
put into effect. It simply means that we must not wait for the 
miracle which will never appear, but get to work and energetic- 
ally take advantage of all present knowledge. We must survey 
the field, get at all the facts, carefully determine our plans and 
then proceed to put them into practical execution. 

Take for example the matter of shipping. This perhaps 
presents the greatest immediate problem of the war, frightfully 
complicated as it 15 by the submarine. І feel sure that it can 
be successfully solved, if we are content to solve it by the simple, 
common-sense methods used by engineers and successful business 
men in the ordinary course of business. The problem must 
first be carefully investigated, all available data quickly ob- 
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tained and checked, and all new conditions considered, after 
which a broad-gaged well considered plan, or plans, can be 
formulated, criticised and then put into effect. 

Of course it is elementary to say that we must provide ship- 
ping in enormous quantities to replace that destroyed and to 
provide for increased demands. It is evident that time is the 
essence of the problem. We must, therefore, build the greatest 
tonnage in the shortest time. The ships, must be manned and 
navigated to their destination and the most efficient methods 
provided for docking, unloading and loading. 

With the situation such that the race is between ship building 
and ship destruction, with the destruction many laps ahead, 
it is vitally important that ships should be loaded and un- 
loaded with the utmost expedition. We have recently heard 
of an instance where a large ship, after running the gauntlet 
of a voyage to England, was forced to visit several different 
ports, and waste one month’s time, before starting the return 
voyage. This loss of time is equal to the loss of a complete 
voyage. The net tonnage delivered per month is the only 
thing that counts, therefore ship-tons saved are worth more than 
ship-tons built. Quick methods of loading and unloading at 
specially devised terminals, here and in Europe, should be de- 
veloped and put into operation. The methods are known. It 
simply remains for us to organize and apply them. 
= We must see to it that the kind of ships, in respect to size, 
material and speeds, are such that the greatest tonnage may 
be moved across the seas in the shortest time. Іп the time 
element must of course be considered the time required to build 
such tonnage. If an investigation should indicate that cargo 
ships can be built which will successfully withstand one or more 
torpedo attacks, and which can also be provided with speed and 
armament sufficient to give them a good chance of fighting off 
and getting away from a submarine, they should be built no 
matter whether such ships cost more, or are less adapted for 
use after the war, or take a little longer time to construct than 

those of the ordinary type. 
It is entirely within the range of possibility that such ships 
may prove to be the only ones which will be able to navigate 
the seas with any decent chance of surviving. It would seem 
clear that, unless the submarine is swept from the seas, it is 
hopeless to build a large tonnage of slow moving, relatively 
small and inadequately defended ships, as the net tonnage which 


1917] ADDRESS BY PRESIDENT-ELECT 639 


could be delivered by such a fleet of ships will be too insig- 
nificant to be of any material value. We would have bet on the 
wrong horse and lost; therefore, I hope that we will have the 
foresight to build as large a number as possible of big, compara- 
tively torpedo-proof cargo ships, as soon as possible. 

We should also, at the same time, consider whether it is 
worth our while to continue building large dreadnoughts, battle- 
cruisers, and the like, which cannot possibly be finished for 
years to come. Our ship building facilities are limited, and if the 
facilities now devoted to the construction of dreadnoughts could 
be immediately diverted to the construction of large fairly 
indestructible, high-speed cargo ships, which can be built in 
half the time, we would be taking a great step towards solving 
the problem. 

So much for what might be termed the ''defensive method” 
of attacking the problem. Along with this defensive plan, we 
should put into execution every practical offensive plan of 
attacking the submarine, such as methods of detection when 
submerged, methods of attack by means of destroyers, mines, 
aeroplanes and special artillery. All such methods should be, and 
probably are being developed, and while no one of them will 
prove to be the panacea by itself, collectively they will be of 
the greatest value in reducing the menace. However, I think 
it is well to emphasize the fact that the only safe and sane plan 
of action is to assume that we can only win by pushing the 
development of all practical looking methods of attack and 
defense, at the same time, and to the limit of our ability. 

Now I am well aware that there 1s nothing theatrical or start- 
ling, or novel, in the above suggested solution. For this reason 
it is not likely to appeal to the great non-technical public, but 
there is no doubt 1n my own mind that it represents the scien- 
tific апа common-sense method, and that if followed with 
patience, persistence, vigor and diligence, it will prove successful, 
and if successful, the war cannot be lost. All the other prob- 
lems of the war—the aeroplane, army, navy, food, manufactur- 
ing, farming, transportation, etc.—can be successfully solved 
by the same scientific, but simple and common-sense methods. 

It 15 а great satisfaction to notice that this country has at 
last awakened to the importance of developing that great Amer- 
ican invention—the aeroplane, and of manufacturing it on a 
great scale. We should do everything to help accelerate this 
work. If we can get aeroplanes of the right kind to Europe, 
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soon enough and in sufficient quantities, experts tell us that it 
will do more to win the war than a large army. 

We must also not neglect the development of the submarine, 
because if we fail to find a way to drive the submarine from the 
seas in short order, and fail to make relatively unsinkable and 
uncatchable ships, we may have to rely on big freight sub- 
marines, properly convoyed by fighting submarines, if necessary, 
in order to get food, material and soldiers to Europe. 

We must not forget that, after all, all these things must be 
done by men collectively and that, therefore, it 15 essential for 
us to think and act collectively, and with reasonable unanimity. 
We must co-operate and not nullify our power by quarrels 
among ourselves. This means that we must be willing to give 
consideration to the views of others, be ready to make reasonable 
compromises and be constantly actuated by a spirit of concilia- 
tion. We must make every effort to get men of great' experience, 
industry and sound common-sense in positions of trust and 
influence. We can then hope to have the helpful suggestions 
offered by other men of experience and wisdom given intelligent 
and proper consideration. We must give our chosen leaders 
reasonable time to make and carry into execution their large 
plans. We must get behind our leaders and loyally support 
them, and if after a long and fair trial, we find that we have made 
a mistake in our selection, we should then promptly replace 
such leaders by those more competent who will surely be found. 
This is the only way ш which a democracy can work and form 
an effective and efficient organization. 

I think I have said enough to indicate that there is plenty of 
work ahead for engineers at home, as well as abroad; in civil 
life, as well as camp life. Engineers have a great opportunity 
in this war and a heavy responsibility.. You have special 
knowledge, experience and a forward looking point of view 
which the country needs, and it is your duty to see to it that 
you are given the opportunity to make effective use of your 
talents, in the service of the Nation, and if you are not given 
that chance, you must persistently demand it until you get it, 
and then I feel certain that the victory will be on our side, our 
civilization will be saved, and “һе world will be made a safe 
place for all decent people who will then be able to turn again 
to the satisfaction and joy of a useful and peaceful existence. 
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TRANSMISSION LINE DESIGN 


BY F. K. KIRSTEN 


ABSTRACT OF PAPER 


This paper contains a complete mathematical analysis of the 
forces which determine the location in space of a cable suspended 
from points of equal elevation, and gives the designer and con- 
structing engineer of a transmission line some useful working 
formulas based on this analysis. 

Section А of the paper covers the derivation of the catenary 
formulas and contains a chart from which any catenary problem 
may be quickly and accurately solved. 

Section B contains an analysis of the influences of changes in | 
temperature and cable load, resulting in formulas by the aid of 
which the magnitude of these influences in regard to changes in 
position of the cable and changes in stresses at any point of the 
cable may be accurately computed. Тһе formulas derived make 
it possible to plot a temperature-tension stringing chart to be 
used by the constructing engineer when stringing the cable at 
various temperatures. 

Section C is an investigation of the economic features in- 
volved in the proper design of the cable supports. А working 
formula is derived enabling the designer to determine the most 
economical span and corresponding height of tower. 

Solutions of typical design problems are given in each section 
of the paper demonstrating the use and manipulation of all 
formulas derived. 


THE SPAN BETWEEN POINTS OF EQUAL ELEVATION 


(А). MATHEMATICAL ANALYSIS OF THE PREREQUISITES FOR 
EQUILIBRIUM OF FORCES ACTING ON A FLEXIBLE CABLE 
ONLY SUPPORTED AT Two POINTS OF THE 
SAME ELEVATION 


The curve P, О P; in Fig. 1 represents a cable suspended from 
points P; and P; of equal elevation. 


Assumptions: 


1. The suspended cable is a cylindrical solid with all elements 
of outer surface parallel. 

2. The suspended cable is of uniform texture. 

3. The suspended cable is perfectly flexible, that 1s, the inter- 
nal forces acting on every element of any cross-sectional plane 
normal to these forces are equal in magnitude and their lines 
of action parallel to the axis of the cable. 


NoTE: Written discussion of this paper is invited. 
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4. No other external force besides the force of gravitation to 
be the active force on the cable. 

5. The axis of the cable will assume the form of a curve 
Р, О Р» in a vertical plane. : 

Since the active gravitational forces are proportional to mass 
which is uniformly distributed along the axis of the cable, and 
since the two points of support are on equal elevation, there 
must exist a condition of symmetry of the shape of the curve 
РОР; with respect to a vertical plane midway between points 
Р, and Р» perpendicular to the straight line P, Ps. This plane 
will be selected as the reference plane Y-Y. The point of maxi- 
mum deflection of the cable from the straight line P, Р, must 
lie in this plane. A horizontal plane tangent to the curve 
P, ОР. at the point of maximum deflection is chosen as the 
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reference plane X-X. Thus, the point of maximum deflection 
of the cable is defined as the origin for the rectangular coordi- 
nates x and y. 
Definitions with reference to Fig. 1 
l = half distance between points Р, and Р, or half tower 
spacing. 
5 = half length of suspended cable or half length of span. 
w = weight per unit length of suspended cable 
x and y are rectangular coordinates of any point P on the axis 
of the cable. 
5 = length of curve between points О and P 
ds, dx and dy are increments of s, x and y respectively, which 
at the limit zero will bear the relation (dx)? + (dy)? 
= (48). 
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Н = tension on cable at point of maximum deflection. 
Т» = tension on cable at point of support Р». 
T = tension on cable at point P, coordinates x and у. 
T’ = tension on cable at point Р”, coordinates x + dx and 
y t dy. 
а = angle between T and the X axis. 
da = increment of a or angle between T апа Т”. 


All stresses normal to the cross-sectional plane at any point 
of the cable are considered as concentrated on the axis of the 
cable and by assumption 3 act in the direction of the tangent to 
the axis at that point. 

INVESTIGATION 

For equilibrium of half span (see Fig. 1). 

Т? = Н? + w 52 

If the point of support were moved to P without disturbing 

equilibrium, 
Г? = Н + а? 5 
| . (1) 

For equilibrium of length ds between points P and P’ (see 

Fig. 1), 


T cosa = 7” cos (а + d a) (2) 
T sin а + w ds = T" sin (a + d a) (3) 

At point P’, 
(T'? = Н? + w? (s + ds)? (4) 


From the geometric relation (right angle triangle) of forces 
given by equations (1) and (4), it is evident that 


H . 10 5 dx 
cos а = ж ; sina = —m; cos (a + da) = ds 
| _ dy | 
sin (a + да) = ae (5) 


Substituting (4) and (5) into (2), 
d 
н-( IT + w? (s + ds)? IE: 


Letting Н = we, where c is a constant, and simplifying, 


dx C 


ds [@ + (s + 45) 
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But if ds approaches zero as a limit, at this limit s + ds = 5, 
therefore, 
РНЕ m 
44 [e + s} 


By integration, 


сан | eta = [ loge (s + [ + s?]}) 
0 
= с [loge(s + [e + 52]*) — logec] 
s+ [2 + s 
= с loge = (6) 


Equation (6) may be written 


ге + ир 


с 
Ог, 
[е-е] | (7) 
= ç sinh — (8) 
С , 
And for entire half span: 
S = c sinh 2 
c 


Substituting (4) and (5) into (3), 
ws + wds = (Н? + w? (s + ds)?]* Э 


Letting Н = wc, where c is a constant, and simplifying, 


dy _ s + ds 
ds [2 + (s + 45 


But if ds approaches zero as a limit, at this limit s + ds = 5, 
therefore, 
dy _ 5 
ds [e + sj 
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у= | e = [ Сара ны 
0 [с + Я — с (9) 


Substituting (7) into (9) and simplifving, 


у= [еже | -с (10) 
= с (cosh = — 1) (11) 


Equations (10) or (11) are the equations of the catenary. 
From equation (1) the tensian along the axis of the cable at 
any point P is 
T = [H? + w? $} 


= (с? ч? + ч” 52% 
Непсе: 


ge 


[C + s 


w 


By substitution from equation (8), 
x 
= ¢ cosh - (12) 


For maximum deflection of entire span and maximum tension 
at the point of support of the cable, half the tower spacing / 
must be substituted for x in equations (11) and (12), giving: 


Ymax = € (cosh a 1); mas - c cosh ES 
с m с 


For preliminary computations of span characteristics or for 
computations of the characteristics of relatively short spans 
when maximum precision is not essential, approximations of the 
above formulas have found universal use. These approxima- 
tions are obtained as follows: 
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From Maclaurin's Theorem: 


z Е x x x? х 

€ = ] + p тат тат + а! а жон 
E ў 2 42 4 
pU qu Е de X X x 


А GJ атайн TE 


From the above series: 


| x ЕЕ X x х5 x? 

sinh -----2- оталар алт (18! 
хоо (due © т x? x$ хб 

cosh — = ---2-- ІЗ тад тат СОТ (14) 


Since in practical line design the ratio x + с is less than unity, 


x x 


the terms є“ and є * form, when expanded, rapidly converging 
series of which the sum of the first terms may be assumed to 
represent the sum of all terms іп the series with sufficient ac- 
curacy. 


Substituting the first two terms of (13) into (8) gives 


x3 

: s=x+ 6 c (18) 

Substituting the first two terms of (14) into (11) gives 
x? 

ыл 16 

РЕ (16) 
Substituting the first two terms of (14) into (12) gives 

DI. gd ue 17 

E = С + Әс = С + y ( ) 


Equation (16) is the equation of the parabola. 
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The catenary equation (10) in its exponential form mav 
seem very complex as compared with the equation of the para- 
bola (16), and for that reason the parabolic forms have found 
great favor in designs which do not require extreme accuracv. 
However, the reluctance with which the practical engineer calls 
to his aid the catenarv equations is entirelv unwarranted for 
the reason that the exponential form may be converted into its 
equivalent expressed in hvperbolic functions by equation (11). 
А person, equallv versatile in the use of hvperbolic functions or 
elementary algebra will undoubtedlv make a choice in favor of 
equations (8), (11) and (12) where everv possible variable 
appears without exponents, rather than choosing equations (15), 
(16) and (17) where x appears with exponents ranging between 
one and three. It would be absurd to use cumbersome equations 
resulting in approximations of actual conditions, if relatively 
simpler forms are available which vield correct results. 

In the following analvsis the catenary equations will be used 
exclusively. 


SUMMARY 


The length of cable suspended between the point of maximum 
deflection and anv point of support P 1s, by equation (8) 


E. 
s = csinh 2 


The maximum deflection of a suspended cable measured with 
reference to the elevation of any point of support Р is, by 
equation (11) 


x 
y = c ( cosh = -1) 


The tension рег w units weight of unit length of cable acting 
along the axis of the cable at апу point of support P is, bv 
equation (12) s 


T X 

— = с cosh — 

w с 
In the above three equations 


x = projection upon a horizontal plane of the distance be- 
tween the point of maximum deflection and point P. 
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length of cable upon which gravitation acts with a force 
equal to the tension Н at the point of maximum 
deflection. 


T = tension at point of support P | expressed in the same 
10 = weight per unit length of cable unit. 


x, y, s and c are all expressed in the same linear unit, which 
must also be the same as that used in connection with w. 
Solution of Problems. "These last three equations show the 


ТІЛШІ А 
RIT RENE 
: Y i) 


S 
| 


! д) 
— eee 


Т.ж 500 


= 
CHART I 


concepts s, y and ТГ + w to be hyperbolic functions of x and c 
so that their magnitudes could be computed directly if both x 
and c were the given quantities in a problem of span design. 
Usually, however, c is not given since it is in reality a more or 
less fictitious concept and the solution of span problems, with 
any two of the remaining concepts given, is accomplished by 
trial methods. 

In order to avoid the loss of time incurred by such methods, 


Digitized by Google 
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Chart I has been devised from which, with any two of the five 
concepts given, the remaining three may be found at once. The 
chart is laid out on the basis of the decimal system to permit of 
easy interpolation. The concepts x and c, which form the 
hyperbolic argument, are the abscissas and ordinates, respectively, 
of the 5, y and T' + w curves. 

Interpolation on Chart I. It can be easily demonstrated that 
any straight line passing through the origin (point O) must be 
divided into intercepts of equal length by a set of hyperbolic 
curves the indices of which vary in arithmetic progression. For 
instance, the curves indexed y=0.1, y = 0.2, у = 0.3...y = 0.9, 
y = 1.0 have indices which increase progressively by 0.1, and 


0 1 2 3 4 5 6 7 8 9 10 
АМА \ 


\ \ / 
RW DBP MMM IIIa 


pow COR CLE TERA RHO ДЕЛЕ ДР, 


“АМ 
QA 1 
“АМА Жж 
“ШК 

“М 
WY 
У 


Fic 2 


in consequence any straight line passing through the origin will 
be divided by these ten curves into ten equal intercepts. It 
follows, then, that if each intercept of this straight line were 
again divided into ten equal lengths, the division points would 
be points on the curves y —0.01, у = 0.02, y = 0.03... y = 0.99, 
у = 1.00. The same reasoning holds true for interpolation 
between the curves y = 1, y=2, y = 3, y = 4,...у = 9, 
у = 10, and of the last set у = 10, у = 20, у = 30, у = 40, 

..у = 90, у = 100. Similarly this system of interpolation 15 
correct for the 5 and Т 4 т curves. 

In order to be able to accomplish quick and accurate decimal 
subdivision of any length of line, it is suggested to trace Fig. 2 
on transparent cloth or paper for use on Chart I. Any one of 
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the parallel lines in Fig. 2 is divided into ten or a multiple of 
{еп units of equal length. 

Example of Interpolation. It is desired to interpolate for s, 
y and Т 4 ша point P, coordinates с = 550, x = 54. 

Through point P draw a straight line to the origin О. That 
this line P O is actually subdivided into equal sections by the 
curves indexed in arithmetic progression is most clearly shown 
by the intercepts between the y curves. Тһе intercepts O A, 
A B, B C and C D of the straight line formed by the curves 
y=1,y = 2, у = 3 and у = 4 are exactly equal in length. The 
same holds true of the intercepts formed by the s and T + w 
curves. 

By placing Fig. 2 on the chart so that the two outside radi- 
ating lines pass through points E and F and the parallel lines 
are at the same time parallel to line E F, point P is interpolated 
directly and corresponds to the magnitude s = 54.1. 

Placing Fig. 2 so that the two outside radiating lines pass 
through points G and H and the parallel lines are parallel to 
G H, T + wis read directly to be 553. 

In а similar manner y is read directly to be 2.65. 

Chart I is independent of any fixed conventional unit of 
length, weight or force and may be used with equal precision 
for the English system of foot-pounds or the decimal system of 
centimeter-grams. 

The use of the chart will now be demonstrated by the solution 
of two representative problems. 

Problem 1. А number of 40-ft. (12.1 m.) poles are to be used 
for supports of a line consisting of No. 00 hard-drawn, bare 
copper wires. "The points of support on the insulators are 30 
ft. (9.1 m.) above the ground level when the poles are installed. 
The minimum clearance of the wire to the ground is to be 20 

ft. (6.0 m.), and the tension on the wire at the point of support 
is not to exceed 200 1b. 90.7 kg.). | 

What is the maximum permissible spacing of poles? 

The weight per 1000 ft. (304.8 m.), of wire 1$ 402.8 1b. (182.6 
kg.). If the pound is chosen as the unit of force and the foot 
as the unit of length, w = 402.8 + 1000 = 0.4028 and Т + w= 
200 + 0.4028 = 496.5; у = 30 — 20 = 10. 

By interpolation between curves Г + w = 400 and T + w = 
500 curve Г + w = 496.5 is drawn. The intersection point of 
this curve and the curve y = 10 has the abscissa x = 98.3, 
which 1s half the pole spacing in feet. | 
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Hence the maximum permissible pole spacing is 2 X 98.3 — 
196.6 ft. (59.9 m.). 

Problem 2. А 1i-in. (38.1 mm.) steel cable 1$ to span a river. 
The foundations for the anchor towers on both shores are 10 
ft. (3.0 m.) above the water level and a distance of 2000 ft. 
(609.9 m.) apart. Тһе maximum tension on the cable is not to 
exceed 70,000 Ib. (31,751.4 kg.). Weight of cable is 4700 lb. 
2131.8 kg.) per 1000 ft.: Clearance between cable and water 
surface is not to be less than 50 ft. (15.2 m.). 

What is the minimum height of anchor towers? 

What is the length of cable between points of support? 

What are the vertical and horizontal components of the ten- 
sion on the points of support in the plane of the suspended cable? 

Half the tower spacing is 1000 ft. In order to bring this 
value within range of Chart I, the unit of length will be chosen 
as 20 ft. Hence x = 1000 + 20 = 50. For the same unit of 
length w = 4700 X 20 + 1000 = 94. Therefore T + w = 70,- 
000 + 94 = 745. This value is within range of the chart. If 
this value had exceeded the range of the chart, the unit of length 
would have to be taken greater than 20 ft. 

Between the curves T + w = 700 and T + w = 800 a short 
length of curve T + и = 745 is interpolated near the line 
x = 50. Тһе point of intersection of this curve with the line 
x = 50 has the ordinate c = 742. Now a straight line is drawn 
from the origin through point x — 50, c — 742 and this point 
interpolated on the straight line for y and for s. 

Interpolation between curves у = 1 and y = 2 yields у = 1.68. 
Interpolation between s = 50 and s = 60 yields s = 50.1. 
Hence, 

Maximum deflection — y — 1.68 units — 33.6 ft. (10.2 m.) 

Length of cable = 25 = 2 X 50.1 units= 2004 ft. (610.8 m.). 

Minimum height of anchor tower = 33.6 + 50— 10 = 73.6 
ft. (22.4 m.)). | 

Vertical component of tension on point of support = 2004 
+ 2 X 4.7 = 4720 1b. (2140.9 kg.) 

Horizontal component of tension on point of support in plane 
of cable = сш = 742 X 20 X 4.7 = 69,748 Ib. (31,637 kg.). 


AVERAGE TENSION ON CABLE BETWEEN POINTS ОЕ SUPPORT 
The tension at any point P from equation (1) is 


T = [H + и? $} 
= о [0 + sj 
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For the average tension along the axis of the cable the above 
expression for the tension at any point must be integrated be- 
tween the limits 0 and 5 and the result divided bys. Hence; 
the average tension 1s 


Ч [c? + s?]} ds 


: zf Sie +s + -G log (s + le + st 


0 


av. T 


22212 0 ас: © зр) © 
р EL + 5]* + 9 loge (5--1С4-520) 2 log. с 


40 


= = (5 [2 + s]* + £ loge nd (18) 


с 
But bv substitutions from equations (6) and (9), (18) becomes: 
10 сх 
av. T= -y [y tet Е 


But from (8), 


9 

| 
е 
Nn 


| х 
inh — 
C 


and from (11), 


"Therefore, 
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Or, 


x 
av. 252 $] өз C | (20) 
2 C 


10 : х 
sinh - 


Here it is shown again that the ratio of the average tension 
on a suspended cable to its weight per unit length is a hyper- 
bolic function of x and c. 

Attention is here called to the similarity of equations (12) and 
(20). For all positive magnitudes x and с, 


a 


x 

e< g| on Et RGE 

с TEE, C 

sinh — 

C 

However, the smaller the value x, the more equal will be the 
above expressions until 


x 
limit | -5| om + = |- с cosh 2 
x =о0 2 C . x C 
sinh — 


At this limit, then 
cw = ау. Г = ТГ . 


But cw = Н = tension at the point of maximum deflection. 

A very close approximation to formula (19) is obtained bv 
using the average between the tension at the point of support 
and the tension at the point of maximum deflection: 


x 
cw cosh > + cw 


cw x 
2 = S [cosh = +1] 


(B). EFFECT OF CHANGES IN TEMPERATURE ON THE CATENARY 
DESCRIBED BY A CABLE SUSPENDED BETWEEN TWO 
FIXED POINTS OF THE SAME ELEVATION 


In the preceding investigation the concept w (weight per unit 
length of cable) has been treated as a constant for a given cable. 
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Since, however, vw is a function, not only of the material compo- 
sition of the cable, but also a function of the temperature of 
the cable and the tension acting on it, the same cable suspended 
from two fixed points may describe as many different catenaries 
as there are different possible magnitudes of w. 

In practical engineering the cable is strung at a given tension 
and permanently fastened at the points of support. This fixes, 
once for all, the amount of mass of cable between the two points. 
How this mass arranges itself in space under conditions different 
from those existing at the time of stringing will be shown in the 
following investigation. 

Influence of Changes in Temperature. Within a certain range 
of temperature a given unit length of cable will change its three 
dimensions practically in direct proportion to the magnitude of 
the temperature change. This range more than covers the most 
extreme weather conditions recorded, and in consequence the 
designer of practical spans may use the formula 


5,7 so (1+ a [t — bol) (21) 
where 
So — length of cable at any given initial temperature. 
5: = length of cable at final temperature. 
to = initial temperature. 
| = final temperature | 
а = coefficient of expansion, characteristic of the material 
composition of the cable. 


Not only the length of the cable but also its cross-sectional 
area changes in accordance with the same law, so that 


where 


A = cross-sectional area of cable at initial temperature. 
A = cross-sectional area of cable after the temperature has 
changed і — to degrees. 


| 


The total mass of a cable suspended between two fixed points 
is constant and independent of temperature, whereas the length 
of the cable changes with the temperature. Therefore, the 
weight per unit length of the cable must change in inverse 
proportion to the length of the cable, that is, 


20 = Tt | (23) 
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where 


Wo = weight per unit length of cable at initial temperature. 
аң = weight per unit length of cable after the temperature has 
changed / — to degrees. 


Influence of Change in Tension. If the tension at any point 
of the catenarv were proportional to the product of s and w, a 
change in temperature would not affect this tension, but accord- 
ing to equation (12) 


x 
T = wc cosh x 


whereas, according to (8) 


: X 
5 = с sinh — 


Hence, а change in length of cable caused Бу a change in 
temperature is accompanied by a change in tension at everv 
point of the catenarv. However, the condition 


x 
T = wc cosh p 


is alwavs realized during each minute step in this change, the 
onlv constant in the equation being x, while all other terms 
change according to definite laws. 

Within a certain range of stresses, the limits of which the 
stresses in а well designed line should not exceed, the strain of 
the cable is practically proportional to the stress. This charac- 
teristic of the cable is described bv the formula 


ae (1 4 кт?) (24) 


Sy = length of cable under initial tension. 

sy = length of cable under final tension. 

Ty = initial tension. 

T =final tension. 

А = cross-sectional area of cable. 

E = modulus of elasticity, characteristic of the material compo- 
sition of the cable. 
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Тһе above formula, however, does not take into account the 
change in cross-sectional area of the cable with the change in 
tension from Го о T. Since at constant temperature the volume 
of the cable remains constant, an increase or decrease in length, 
caused by a change in tension on the cable, is accompanied by 
a proportional decrease or increase, respectively, of the cross- 
sectional area of the cable. Тһе concept А should be understood 
to represent the average cross-sectional area of the cable as its 
length changes from 7, to Г. Or, if 


A, — cross-sectional area of cable under initial tension, 
Ат = cross-sectional area of cable under final tension, 


_ Ао +А, 
135 2 


Equation (24) would then become 


2 [T — гы) 


Е(Ао-ҒА.| d 


5, = Sy ( + 


In order to simplify equation (25) for future use, an approxi- 
mation 


T | 
s= s (1E в) | (26) 


will be substituted which 1$ more accurate than equation (24), 
but which does not describe conditions quite as precisely as (26). 

If the strain 1$ proportional to the stress, the total change 
in the length of a suspended cable is proportional to the change 
in average tension along the cable, or 


uM" _ av. To ү ау. T | 
DIRE, Е EA, +o) ah) 


where 
av. Го = initial average tension. 
av. Г = final average tension. 


The relation 
$9 Ao = $T А, (28) 


expresses the constancy of volume of the cable subjected to 
different tensions av. Го and av. T. 
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Although a change in tension produces a deformation of the 
cable, its total mass remains the same and, in consequence its 
weight per unit length must change in inverse proportion to the 
length of the cable, that is, 


= (29) 


where 


Wo = weight per unit length of cable under av. To. 
ит = weight per unit length of cable under av. Т. 


Influence of Ice and Wind Loading. Usually the gravitational 
forces acting on a suspended cable by virtue of its mass are 
augmented by a layer of ice on the cable at low temperatures 
and by the action of wind on the cable at all temperatures. 
The ice loading simply increases w which is a vertical downward 
force, whereas the wind pressure acts horizontally deflecting the 
cable from its position in a vertical plane to another position 
in a plane inclined to the vertical at an angle whose tangent is 


e 
ШЕ 


where 


1 = weight of ice per unit length of cable. | expressed in the 
p — wind pressure exerted on unit length same unit. 
cable with ice coating. 


'T he resultant force per unit length of the cable acting down- 
ward in the deflected plane is 


= [(w + 0 + РВ (30) 


or the catenary described by the cable in an inclined plane under 
the influence of ice and wind loading is equivalent to a catenary 
described in a vertical plane by a cable whose weight per unit 
length is 141. 

With the knowledge of the influences which may act on a 
suspended cable in all climatic conditions, and with the knowl- 
edge of the laws which govern the response of the suspended 
cable to these influences, all possible catenaries described by the 
cable can be mathematically expressed. 

Let it be required to find all possible catenaries that can be 
described by a cable, the characteristics of which are specified 
bygthe manufacturer as follows: 
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Weight per unit length free from stress = w ) measured at 
Cross-sectional area free from stress..... =A | temperature / 
Modulus of elasticity.................. = Е 

Coefficient of expansion................ = а 

Maximum safe stress on cable.......... JE Pto 


Investigation of the records, furnished by the weather bureau 
located near the place where the cable 1s to be suspended, shows: 


Minimum observed temperature.... = А 

Maximum observed temperature.... = t4 

Maximum observed wind pressure.. — v units per unit area 
normal to direction of 
wind. 


I. CATENARY COVERING CONDITIONS АТ MINIMUM TEMPER- 
ATURE; CABLE UNDER IcE LOADING AND WIND PRESSURE 
Note: All concepts characteristic of conditions specified in the head- 

ing of this section will appear with the subscript 1. 

The maximum stress acts on the cable at the point of support, 
when the temperature is a minimum, and when at the same 
time the cable carries its maximum ice and wind load. From 
equation (12) this maximum stress is 


max Ті = w с cosh = (31) 
1 


The magnitude max T, in equation (31) is given in the speci- 
fications and the equation could be solved for any argument 
x => cı if шу were known. The magnitude of w,, is determined 
as follows: | 2 

Due to a change in temperature from / to tı, w changes accord- 
ing to equations (21) and (23) to 


, 10 


10 


At the same time the cross-sectional area А changes according 
to equation (22) to 


A’ = A (1— a[t — t]y (33) 
Now let it be assumed that the cable receives its ice loading 


and is strung under a wind pressure v so that the tension at the 
point of support is max7,. On account of this tension the weight. 
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per unit length again changes according to equations (27) and 
(29) to 


, 


oS (34) 
1+ ау. Г, 
EA, 
where 
av. T, = average tension along span corresponding to max Т! 


at point of support. 


In order to simplify computations for w” the ratio max 7,+ EA’ 
will be substituted for the ratio av. Tı + ЕА, Іп equation (34). 
max Т, апа A’ are both slightly greater than av. 7, and А |, respec- 
tively, however, their ratios are practically identical. In the 
case of very long spans this approximation would slightly in- 
crease the factor of safety for cable stress, which 1s а desirable 
feature. Equation (34) 15 changed to 

" w 
Е тах Ti (35) 
1 + EA’ 


From equations (28) and (29) 


а- о (36) 


Let the thickness of the laver of ice be a all around the cable, 
then the volume of ice per unit length о. cable is 


: т 4 
4 (2 2 | +20) - 4: = та(а+2[ 2 [) 
4 T п 


and the weight of ice рег unit length of cable 15 


1 = ита (о + 2 Е (37) 


4 — weight per unit volume of ice. 


where 


The maximum force exerted by the wind on unit length of 
cable with ice envelope is 


р (а (Т ) (38) 


T 
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With a given wind velocity the wind pressure acting on a 
cylindrical body of unit length is here assumed to be the same 
as the wind pressure acting on a rectangular plane of unit 
length and of width equal to the diameter of the cylindrical 
body, provided that the inclination to the direction of the wind 
of the axis of the cylinder 1s the same as that of the plane of 
the rectangular surface. The result of the slight error in this 
assumption is an increase іп the factor of safety for cable stress. 

The resultant, equivalent weight per unit length of catenary 
in an inclined plane is, according to equation (30) 


wi = [(w" + 1)? + p) (39) 
where, from equations (32), (33) and (35), 


wEA(1-—aowlt—tü 


аа ре шаст. (40) 


and from equations (33), (35), (36) and (37), 


$ = ита [в + 24 (1— a [t— ¢,])? 


(хвата Ет т) | (41) | 


and similarly: 


р = 20[а +4 0 alt= а) 


(Ей ШЕЙ )] e 


The actual average cross-sectional area of the cable, not in- 
cluding ice covering, is from equations (33), (35) and (36), 


Е А? (1- a |t- &)* i5 

ai E Uca nd wax. (43) 

Equation (31) can now be solved for any argument x + сі 

since max Т, and w, are given in terms of the manufacturer 5 

specification and in terms of the minimum temperature and 
maximum wind pressure. 
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Equations (41) and (42) seem rather elaborate in view of the 
arbitrarv assumption of the thickness of the ісе envelope. but 
for the sake of accurate comparisons between the characteris- 
tics of cables of different size or material, exactly the same as- 
sumptions, however arbitrary they тау be, should hold for all 
cables to be compared. So, if it 1s not a question as to what 
kind of a cable to use for certain span requirements, the ap- 
plication of approximations which greatly simplify equations 
(41) and (42) is justified. Тһе substitution of A for A, іп these 
two equations would vield a permissible approximation in the 
form of the simplest expressions for ғ and р. 

From equation (8) 
51 = ci sinh - (44) 
and from equation (11) 


уус (cosh >- 1) (45) 


1 


Equations (31), (44) and (45) completely describe the catenary 
for minimum temperature with wind and ice loading. 


II. CATENARIES COVERING CONDITIONS From MINIMUM TEMP- 
ERATURE TO THE FREEZING PoiNT: CABLE UNDER ICE 
LOADING AND WIND PRESSURE 

NOTE: All concepts characteristic of the range of conditions speci- 
fied in the heeding of this section will appear with the subscript 2. 

It 1s assumed that the total weight of the suspended cable 
remains constant аз the temperature increases from f, to the 
freezing point #5. At the freezing point it 1s assumed that no 
wind is blowing, that, however, on account of the calmness of 
the atmosphere a greater accumulation of snow on the cable 1s 
possible, resulting in the same total weight of the cable. At 
the freezing point, then, the catenarv lies in a vertical plane. 

Let the temperature change from 1, to fg without a change in 
tension and 1, then, according to equation (21), s, changes to 


Si = $! (1 + а [ts — 11 (46) 
and, according to equation (22), 
А,’ = А, (1 + а [tz — {\])? (47) 


On account of the change in temperature the average tension 
at temperature {1 (av. Г!) changes to the average tension at temp- 
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erature в (av. T2), and according to equation (27) the length з, 
changes to 


TED ау. Г, av. Із) 
fon (1 at Е. (48) 
From equation (8), at temperature t», 
х 
$9 = C2 sinh - (49) 
and the average tension, according to equation (19) is 
x 
du qe E ct —— (50) 
2 Со : x 
sinh — 
C2 
At temperature /, the average tension was 
"PES E FON | (B1) 
2 Сі қ ж 
sinh us 
1 


Although the tension has changed from av. Г, їо ау. Го, the vol- 
ume of the cable remains constant, or, 
51! А M = $9 A 9 


Hence, 


Aes (52) 


$2 


From the assumption that the total weight of the suspended 
cable remains constant, 


$1 01 = 59 We 


Hence, 105 = шэн (53) 


Substituting equations (46), (47), (49), (50), (51), (52) and (58) 
into (48), | 
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. x 
Сә sinh — = 
C2 


401 С x с 
манаа. - SEAT et | x | 


sinh — 
C1 
2 
401 Сэ x Со 
эол LU a О ЕЗЕН 
E сз Ч) 
Сэ 
2 
$1 101 Сү X СІ 
=з (ПР@е[ — srar ДҮ үс СЕ ———— | 
| 2ЕА, (1+а із- |) Cy арг 
1 
a 
$1 Wy Со X C» 
Тог: Len | 
2 EA (1 a [t-t]? ә Дан 
сә 
Dividing both sides of above equation bv x: 
sinh - 
Co 
5 51% cosh — 1 
1 1 W] 1 | 
х а 2ҒА, ul + | х | 
— sinh — 
Сі 1 
x 


шал cosh > 1 
20:22 at | 
2ЕА(1+а 15-11) sinh — 


2 


(54) 


By substituting for t in equation (54) values ranging between 
t, and the freezing point, any catenary within that range of 
temperature can be computed, provided that the equivalent 
weight per unit length of suspended cable remains constant. 
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III. CaTENARIES COVERING CONDITIONS FROM MINIMUM 
TEMPERATURE TO MAXIMUM TEMPERATURE; CABLE 
Not SUBJECTED TO EITHER WIND OR 
Ісе LOADING 


Note: All concepts characteristic of the range cf conditions speci- 
fied in the heading of this section will appear with the subscript 3 
for the catenary at the о and with the subscript 
4 for all other catenaries. 


It 1$ now assumed that at the minimum temperature /, the 
ice and wind load is removed from the suspended cable, thereby 
changing the total weight of the span from ш, 51 to ws ss. Un- 
der ice and wind loading the total equivalent weight of the 
cable is 101 sı, while the total weight of the cable alone is w” sı 
which is the total mass of metal suspended between the points of 
support. Since the total mass of the cable does not change, 


$3 103 = $1 w” (55) 


The average tension under ice and wind loading was 


x 
Сі 001 х C1 
ау. Г = 79 E od - м | 
1 " 


sinh — 
C1 


but has now changed to 


x 
ах. Гз тэ “= С — + | (56) 
à sinh —- 
3 


Тһе change in tension produces a change in length of cable 
from sı to ss. Expressing this change in length as per equation 


(97): 
_ _ av. Ti ау. Т; 
$3 2505) (1 EA, + FA, ) (57) 
From equation(8), 
$3 = C3 sinh Eid (68) 
C3 


Although the cable changes its length, its volume remains 
constant, or, 


51.41 = 53 Аз | | (59) 
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Substituting from equations (61), (55), (56), (58) and (59) 
into (67) and dividing both sides of the equation by x, gives: 


(60) 


Equation (60) describes the characteristics of the catenary at 
minimum temperature without either wind or ice loading. All 
other catenaries for higher temperatures may be found Бу the 
use of equation (54) which is also based on the assumption that 
the total weight of the suspended cable is constant irrespective 
of changes in temperature and tension. Substituting for 51, 201, 
A, and сг in equation(54) the values 53, 103, A3 and c,, respectively, 
which are found by the solution of equation (60), equation (54) 
changes to 


sinh —— 5 
СА 
Ca 
ЭРТ cosh — 1 
мн Байг-ар - IER | 
: 2ЕА:(1--а 14-01) x шэг. 
С Сз 
cosh = 
" чет ee пе 2 | 
2 E As(14-a [t4— D) x sinh © 
C4 C4 
(61) 


According to the reasoning outlined by equations (52) and (63), 


W3 w 


Аз А, 
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which, if substituted into equation (61) simplifies this equation 
to the form 


sinh 2 
C4 = 
Ca 
| s. qo" cosh— 1 
2ЕА,(1+е=е[Һ—1\)) x sinh M 
Е cosh — 
+ эе 6, 1 
2E Ai(l+a ЕН x : x | 
2 шин 
(62) 


The concept /, covers the range from the minimum to the 
maximum temperature. 

In the design of a practical span the engineer must guarantee, 
first, that the suspended cable will not break under the influence 
of the most severe weather conditions recorded in the locality 
where the span 1$ to be installed and, secondly, that the clearance 
of the cable from the ground or from a given reference plane 
will never be less than a given, permissible magnitude; provided 
that the extremes of the climate recorded for the past of the 
locality in question are not exceeded in the future. 

Тһе first mentioned requirement is met by the use of equation 
(31), if for max.7, the maximum safe stress on the cable is 
substituted and proper allowances are made in the determina- 
tion of w, for ice loading and wind pressure. Тһе guarantee 
for proper clearance from the ground or from a given reference 
plane is based upon the knowledge of the maximum deflection 
of the suspended cable for a given range of climate from ex- 
treme winter weather at minimum temperature to the maximum 
summer heat. 

It is evident that the minimum deflection occurs at minimum 
temperature when the cable 1$ free from ice load and wind pres- 
sure. Supposing the cable receives at this temperature a coating 
of ice being at the same time subjected to wind pressure, which 
is equivalent to an increase of the gravitational forces acting 
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on the span, equilibrium of forces is re-established by an in- 
crease in tension on the cable and its consequent elongation 
[see equation (27)]. Since the distance between the points of 
support is constant, an increase in length of the cable suspended 
from these points means an increase in its deflection. Let the 
temperature increase toward the freezing point. Ап increase 
in temperature is accompanied by an increase in length of the 
cable. Although this increase in length is partly offset by a 
decrease in tension, as demonstrated in the derivation of equa- 
tion (54), an increase in length does result from an increase in 
temperature for all materials used in practical transmission 
spans, and in consequence the deflection of the cable must in- 
crease also; provided that the ice coating and wind pressure do 
not diminish. Since the ice loading cannot exist above the 
freezing point, the deflection will naturally reach a maximum 
at the freezing point. | 

As soon as the temperature rises above the freezing point, 
the ice load and a large portion of the wind load vanish, resulting 
in a decrease in the deflection. If the temperature increases to 
its maximum, the deflection will also increase to a maximum 
which may either be smaller or greater than the deflection at 
the freezing point, depending upon the relative magnitude of 
the maximum temperature and the magnitude of the ісе and 
wind loading which existed at the freezing point. With the 
help of equation (54) the maximum deflection of a given cable | 
for any length of span may be accurately computed for condi- 
tions of 1се and wind loading at the freezing point. Equations 
(60) and (62), solved in sequence, will yield the deflection at 
the maximum temperature. "The one of the two catenaries thus 
found, which gives the greatest deflection will hereafter be 
called the critical catenary. Іп warm climates the critical caten- 
ary will tend to exist at the maximum temperature, whereas in 
cold climates the critical catenary is likely to be found at the 
freezing point. Тһе diameter of the cable is also a factor іп 
the determination of the critical catenary. Тһе smaller the 
diameter, the greater is the ice load in comparison to the weight 
of the cable itself, so that at the same locality the critical caten- 
ary may occur at the maximum temperature for a large cable, 
whereas for a smaller cable it might occur at the freezing point. 
It is at all times advisable to calculate the catenaries for both 
the maximum temperature and the freezing point in order to 
be sure of accurate results. 
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At first sight equations (54), (60) and (62) will appear rather 
cumbersome and difficult to operate. If, however, equation 
(64) is written 


sinh — cosh = А 
| Z + 
Ж х inh 
Ce C S1 E 


—1 


da 


эн e 
wa Ж 
d ЙГ 
60040 
EXER 
00038 
d SREN T 
i tt 
Ж! ANM 
00030 |-- | Ж 
ба! шил 
"n ЧЕХ 
SEB 
уз HEFE 
M № 
и же 
- у ERN 
00016 AN қ АА 5 я Ез Я 
| d ққа NC М S SS N S м > M c S: —_- 3-->- з 
| ААА \ WA MSN сэг E I EE en? 
а “ММ NN МММ ММММ ANNAN X - : SSS SSSSSS 
AN eS = = 
щщ 
00012 Lees EIDEM EE anis 
БЕУ 
SS FSS SS = 
00010 EE LIE = к 
= == Ee Bae Se See ачышып 
S| SSS SSS 
сека = ее qm 
с 0008 SEE SS = | са 
сеем | эс - Е nes 
TIMEMUS тш == SS лы ше Ee алма асс 
wk + fn $e ES SSE SS SE = = = EIE юм 
10555 ЭНЭ МШыз e SS : ЕЕ ЕЕ ЕЕ ааа?” 
4 | MESES ra ep Е ЕЕ — —À Е ЕЕ = m EEN аа vorum | 
| “ь Мань, E шон = ЕЕ ‚== == E— eia FOS 
mes I ==к= = ===к==к==== SS SSS 
061 002 ооз 004 005 006 007 008 009 ою 011 012 013 014 015 016 017 018 019 020 021 022 023 024 
Эн 
CHART II 


where Ру, Су and Н, are constants, the simplicity of the solution 
of the equation for the argument x + c» is apparent. 

Equations (64), (60) and (62) are easily and rapidly solved by 
the use of the curves of Chart II. Тһе curve indexed 


[ (sian 2) +] -1 


Digitized by Google 


^ 
————— - == ==» | лы... -< 
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gives values of the magnitude 


| (sinn 43) + =| — 1 
C C 


for arguments x + c ranging from 0 to 0.25. Тһе curve indexed 


х 
cosh — 1 
0.0001 | 2 + | 


| x 
— sinh — 
C C 


represents magnitudes of 


x 
cosh xm 1 


. x 
-- sinh — 
C C 


for the same range of the argument, if Н = 0.0001. Corres- 
ponding curves for values of H ranging from 0 to 0.0002 are 
indexed 0.00001, 0.00002,...0.00019, 0.0002. А straight line 
perpendicular to the x + c axis is divided into equal lengths bv 
these curves indexed in arithmetic progression and in conse- 
quence direct interpolation can be effected along such lines 
perpendicular to the x + c axis. 

For all positive arguments the ratio of the hyperbolic sine to 
the argument 15 always greater than unitv. By subtracting 
unity from this ratio, the two sets of curves of Chart II are 
located nearer the x + c axis. Тһе equation is again balanced 
by subtracting unity from the constants. Hence, for conven- 
ience equation (54) 15 changed in form to 


x x 
sinh —— i cosh —— | 
oe 1 = F,—G,+ AH, х E "2 


Ce 


Supposing, Fı = 1.002821; G, = 0.000 525; and H, = 0.0000315, 
then 


Е, — G,— 1 = 0.002296. 
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The magnitude 


х 
cosh — 1 
Н х ES T — 


x 
cosh —— 1 | 
2 
Elo s v шин 
-- sinh 
Сә ` ° 


= 0.0000315 | 


is given by a curve interpolated between curves indexed 0.00003 
and 0.00004 for any argument x + cs between the limits 0 and 
0.25. Тһе value 0.002296 added to an ordinate of this curve 
must be, according to the above equation, an ordinate of curve 


Hence, the correct argument x + су which gives the same length 
of ordinate for the curves 


and 


0.002296 + 0.0000315 Без | can be found by 
— sinh — 
сә Ce 
marking the length 0.002296 on the straight edge of a sheet of 
paper and by moving the point marked on the sheet along the 
curve 0.0000315, keeping the straight edge perpendicular to the 
x + c axis, until the other point touches the curve 


е a 


The straight edge in this position indicates on the x + с axis 
the value 0.1294, which, if substituted for x + с; in above equa- 
tion will satisfy this equation. 
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The curves of Chart II have been drawn with great care from 
hyperbolic functions computed accurate to the twelfth decimal 
place. With a little practise in interpolation the argument of 
equations (64), (60) and (62) can be determined accurately to 
the tourth decimal place. Values of 


x 
cosh —— 1 
0.0001 |I— + M 


x x 
— sinh — 
с C 


with a given argument сап be read directly to the sixth decimal 
place from the curve bearing this index. 


OUTLINE FOR SYSTEMATIC DETERMINATION OF THE CRITICAL 
CATENARY 
First Step. Determination of the catenary at the freezing 
point with ice and wind loading, using equation (54) changed 
for convenience to 


sinh cosh = 1 
1 к-а +тх| - + Ін 
х X : 
-- — sinh 
€» Сэ 2 (63) 
where 
$1 
Е = а + alk- А) 


x 
РАР cosh —— 1 
MPG ur а c 6m 


— sinh — 
1 Сі 
Si Wi 
Н. = p See 
2E A; (l+a ДЕ = 41) 
For апу argument х + сі, 
9 
тах. Т, х x 
Cp = ————; х = Ха; 5 = c sinh — 
X СІ Cy 
w cosh— 
C1 


For w, seé equation (39); for 4, see equation (43). 
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The hyperbolic coefficient of С, for the argument x + cis 
the direct reading from the curve of Chart II indexed 


cosh — 1 
0.0001 i + PHA | divided by 0.0001. 


x е 
= sinh — 
с C 


After the constants F л, Су and H, are computed, the argument 
х + c which satisfies equation (63) is read from Chart II. 
With the knowledge of x - c», 


x x ; х 
Co = —; ys = Сз (cosh — — 1); $9 = Сә sinh —; 
Co Сэ 


х 
Wo = . max. Г. = с» ws cosh 20 


2 


Second Step. Determination of the саїепагу at minimum 
temperature without ice and wind loading, using equation (60) 
changed for convenience to 


sinh — cosh—— 1 
8-1 =r G+ s. pi (64) 
x : х 
— — sinh — 
Сз С1 C3 
where 
ЕЁ, = кыз 
х 
c cosh — 1 Е 
51071 1 
ба = zs. ecc | 
--- sinh — 
” 
He 2 $1 10 
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For w” see equation (40), other terms are the same as in equation 
(63). 


With the knowledge of x + сз, 


x x : х 
Cs = —; Уз = сз (сой —— 1]; 5з = cssinh — ; 
х Сз C3 
C3 
y 
51 20 x 
з = ---; max. Тз = сз ws cosh —. 
3 


3 


Third Step. Determination of the catenary at maximum 
temperature, using equation (62) changed for convenience to 


Р cosh = 1 
Se ee eL 1-1 89 
x x x 
C4 


— sinh — 
C4 C4 


Ку = 2 alt t) 


x 
au cosh E 1 
“ "FEA жа | x ua 


= sinh — 
C3 C3 
и 
jm гэ к 
2 Е А, (1-Ғо [t4 өте "NE 
With the knowledge of x + c4, 
x x | х 
с, = —; = с. {cosh --- 1); = —; 
4 E 94 ( OS 2 1) 54 = c Sinh 7 
C4 
Sı 10” х 
ш, = ; max. 74 = c, w, cosh —. 
$4 C 
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The critical catenary is either 


Уз = Co (cosh — — 1) Or У4 = С (cosh — - 1). 


2 4 


whichever equation yields the greatest deflection for a given 
tower spacing. The determination of the tower spacing and of 
the corresponding height of tower must be based on the maximum 
deflection of the critical catenary. 

The catenary for any other temperature і,’ somewhere within 
the range of from 4, to t, can be computed by substituting t,’ 
for 4, in equation (65). Since this equation is based on the 
assumption that the cable is free from ice or wind load, the 
resulting catenaries including those for temperatures below the 
freezing point, describe the span in calm weather, without sleet 
deposits on the cable at the low temperatures. Such weather 
conditions usually prevail at the time of span construction. 
Hence, a cable strung at any temperature 4’ in calm weather, 
so that its axis forms a catenary obtained by the use of equation 
(65) for the temperature №’, would under the most severe 
weather conditions be subjected to not more nor less than the 
maximum safe stress. The constructing engineer should have 
a means of quickly determining the required stringing tension 
for a given tower spacing and temperature, so that he may 
guarantee that his span is safe under the most severe weather 
conditions and that the margin of safety is not too great for 
economical span construction. 

In order to furnish the constructing engineer this necessary 
information, catenaries for the temperatures 4, В’, t4" and t 
are computed with the use of equation (65) for a number of 
arguments х + с. The four curves obtained in terms of 
max Т and 2x for the range of tower spacing covered by the 
range of the argument are plotted on a chart and all other curves 
corresponding to intermediate temperatures are interpolated. 
A chart of this kind, from which the engineer can directly read 
the required stringing tension for any length of span and any 
stringing temperature will hereafter be called a temperature- 
tension stringing chart. 

The use of Chart II and of the formulas derived will now be 
demonstrated in the solution of the following problem: 

Problem 3. It is required to draw the temperature-tension 
stringing chart for a 500,000 cir. mil hard-drawn copper cable. 
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If the cable is suspended from 50-К. towers so that the mini- 
mum clearance of the cable from the ground is 30 ft., what is the 
maximum permissible tower spacing? 


Extreme climatic conditions: 


Minimum temperature — — 10 deg. fahr. 
. Maximum temperature = + 100 deg. fahr. 
Maximum ice loading = 3-inch (12.7 mm.) layer enveloping 
cable. | 
Maximum wind pressure = 10 10. per square ft. area normal 
to direction of wind. 


Specification of Cable: 

-~ Number of strands in cable = 37. 
Modulus of elasticity = 16,000,000. | 
Ultimate tensile strength of one strand = 673 Ib. (305.2 kg.). 
Temperature coefficient of linear expansion 0.00000922 (fahr. 


scale). 
Diameter of strand — 0.1162 in. 
(2.9 mm.) | Measurements taken at 
Diameter of cable = 0.8134 in. | 75deg.fahr. with cable 
(20.6 mm.) free from mechanical 
Weight per ft. of cable = 1.54 1b. stress. ` 
(0.6 kg.) 


The ultimate tensile strength of the cable to be not more than 
0.9 the combined ultimate tensile strength of its strands. 


673 х 37 X 0.9 = 22,411 Ib. (10,165.3 kg.) 


The elastic limit to be taken at 50 per cent of the ultimate break- 
ing stress. 


» 


22,411 X 0.5 = 11,206 11. (5082.9 kg.) 


The maximum tension on the cable should not exceed 75 per cent 
of the tension at the elastic limit. 


11,206 X 0.75 = 8400 Ib. (3810.1 kg.) 


Since all preceding formulas describe the characteristics of a 
suspended cylindrical solid, it will be of advantage to substitute 
for the stranded cable a cylindrical solid which has the same 
characteristics as the actual stranded cable 1n regard to tempera- 
ture changes, changes in tension, weight per unit length and 
ісе and wind load. Тһе ісе and wind load on the equivalent 
cvlindrical solid will be the same as the 1ce and wind load on the 
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stranded cable, if the cylindrical solid has the same diameter 
as the outside diameter of the stranded cable. "The inside area 
of a cylindrical envelope surrounding the stranded cable is, as 
well as the actual cross-sectional area of metal of the cable, 
directly proportional to the square of the diameter of the strand; 
hence, as far as the influence of temperature is concerned, both 
areas are affected in the same proportion. Similarly, the changes 
in both areas due to changes in tension are proportional to the 
changes in area of the strand; however, since the modulus of 
elasticity is measured on the basis of the cross-sectional area 
of metal, it must be changed in inverse proportion to the area 
for the same strain, so that 
Е”ХА"-ЕХА 

where, 

Е’ = modulus of elasticity for stranded cable. 

Е = modulus of elasticity for equivalent cylindrical solid. 

А’ = cross-sectional area of metal of stranded cable. 

А = cross-sectional area of equivalent cylindrical solid. 


Hence, 


E'A' _ 16,000,000 X 37 X 0.11622 _ 


Revised] specification of cable, using the foot as the unit of 
length[and the pound as the unit of force: 


A = Cross-sectional area free from stress 


_ т X 0.8314? 


=- xia ` 0.00361 


Weight per foot length free from stress = 1.54 
Modulus of elasticity = 12,082,000 X 144 = 1,739,- 
808,000 
a = Coefficient of linear expansion = 0.00000922 
max T = Maximum safe stress on cable = 8400 
Temperature at which measurements of A and w 
were taken = 75 


8 
| 


~. 
| 


Other given data: 
ti = Minimum temperature = — 10 
із = Temperature at freezing point = + 32 
{4 = Maximum temperature = + 100 
а = Maximum thickness of ice layer enveloping cable 
= 0.04167 
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и = Weight per cubic foot of ice = 57.37 
v — Maximum wind pressure per square foot area normal 
to direction of wind = 10 
For the temperature-tension stringing chart two other tem- 
peratures ¢, = + 30 and #4” = + 60 will be used in connection 
with equation (65). 
From equation (40) 


_ 1.54 X 1,739,808,000 «0.00361 (1 — 0.00000922 [75 + 10]) 
1,739,808,000 x 0.00361 (1 — 0.00000922 |1754-101) + 8400 


1.5391 


w” 


From equation (41) 
i = 57.37 X 3.1416 X 0.04167 | 0.04167 
+ 2 x 0.00361 (1 — 0.00000922 [75 + 10])? 


( 1,739,808,000 )| 
3.1416 (1739808000 X 0.00361 (1—0.00000922[75 +10])* +8400] 
= 0.8212 


From equation (42) 


р-2Х 10] 0.04167 + 0.00361(1 — 0.00000922[75 + 19]? 


oe IAM 
и. х0.00361(1 —0.00000922[75 + 10])? +8400] 
= 1.5100 


From equation (39) 
шу = [(1.5391 + 0.8212)? + 1.51?]H = 2.802 


From equation (43) 


A, = —1:739,808,000 x 0.00361? (1 — 0.00000922 [75 + 10)* - 
! 1,739,808,000 0.00361 (1 — 0.00000922 [75+ 10])? + 8400 


= 0.003598 


In the following five tables the computations necessary for 
the solution of the problem are carried out systematically. 
Tables I, II and III determine the critical catenary and Tables 
II, III, IV and V give the data necessary for the temperature- 
tension stringing chart. Тһе columns of figures are indexed 
successively from 1 to 44. In the space below the index of a 
column is given the relation of the values іп that column to the 
values computed in preceding columns. For instance, in column 
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of Table III indexed 31 are given values obtained by multi- 
plying the values given in column of Table II indexed 24 by the 
constant 12,281 X 10-!, The second space below the indices 
indicates the significance of the values in the column with 
respect to the working equation at the top of the table. 

A comparison of the deflections y» and y, given in column 15 
of Table I and column 39 of Table III shows that the critical 
catenary is the catenary formed by the cable at the maximum 
temperature + 100 deg. fahr. Тһе difference between the de- 
flection of the cable at the freezing point under maximum ice 
loading and the deflection at the maximum temperature is, 
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Fic. 3—TEMPERATURE-TENSION STRINGING CHART 500,000 Сік. MILS 


HarD-DRAWN COPPER CABLE 
Maxi num tension to b» not more nor less than St)? lb. at 1) deg. байг, under wind load 
of 10 Ib. per sq. ft. and ic» load of one-half inch layer enveloping с4Ые. 


however, very small which shows the necessity of performing 
the deflection computations for both weather conditions in 
every case. 

With a given height of tower and a given maximum cable 
deflection the critical catenary determines the tower spacing. 
The height of towers given in this problem is 50 ft., and since 
the deflection of the cable is not to exceed 20 ft. (50 — 30), the 
tower spacing is found directly from the curves of Fig. 3. The 
abscissa corresponding to the ordinate y — 20 of the deflection 
curve + 100 deg. fahr. (critical catenary) is 665. Hence the 
maximum permissible tower spacing is 665 ft. (202.6 m.) 


TABLE I. CATENARY AT FREEZING POINT. 
Worxiag Formula. [See equation (63)] 
x 
sinh cosh 
сз Сэ 1 
-l = Е. - Сб. + Н, Хх — + —— — 1 
х x x 
--- siah -— 
сэ Cz €? 
51 51 
Fy = — X (1 + 0.0)9))922 [32 + 19) = — X 1.0)93372 
x x 
x 
ccsh -— 
2.802 сі 1 
Gi = $1 иж илллаллиллли илла тглн Sa ст + oo 
2 Х1,739,808,000 X0.003598 X 1.0003872 x x 
— sinh — 
21 Ct 
cosh —— 1 
21 
= 5 X 0.00000922373 | ———- + ———- 
x x 
-- sinh —— 
C1 Сі 
2.802 
Ну = 5 X = sı X 0.00000022364: 


2 Х1,739,808,000 «0.003598 Х1.00038722 


‚зл o -- 


(1) (2) (3) (4) (5) (7) (8) 
2997.86 (2) х (4) (5) X (4) X (1) & 
——— | (1) 9602) sinh (1) = 1.000387 |22,373 х10:3| Ch't 
cosh (1) 3) II 

2 Ч 5 8] 5 8| 5 

7 5 R] S ~] 5 | а 

Е Е = 5 5 гд 5 4 

s 3 N c 25 

ЛЕЛ ЕСІН di = S| + T 

<< m ers 5 x| S als 

ї 1 ї 201515 | e faels 
x = N 2 à a 
“|5 S x 2 ala tx, 8 8 
0.06 | 2992.47| 179.548 | 179.656 | 1.000599 | 1.000986 | 0.00004019 | 33.2 
0.08 | 2988.29 | 239.063 | 239.318 | 1.001068 | 1.001456 | 0.00005354 | 25.03 
0.10| 2982.94 | 298.294 | 298.791 | 1.001667 | 1.002055 | 0.00006685 | 20.03 
0.12 | 2976.40 | 357.168 | 358.026 | 1.002402 | 1.002790 | 0.00008010 | 16.71 
0.14 | 2968.72 | 415.621 | 416.980 | 1.003270 | 1.003658 | 0.00009329 | 14.33 
0.16 | 2959.89 | 473.582 | 475.605 | 1.004272 | 1.001661 | 0.00010641 | 12.55 
0.18 | 2919.94 | 530.989 | 533.861 | 1.005409 | 1.005798 | 0.00011944 | 11.17 
0.20 | 2938.89 | 587.778 | 591.704 | 1.006680 | 1.007069 | 0.00013238 | 10.07 
(9) (10) (11) (12) (13) (14) (15) 
(7) 
(7) X (8) |(6)-(9-11-------- | (10), (11) (3) -1+ (13) X 
1.0003872 | & Ch't II um cosh (12) (14) 
= 
2 | 
ч | a 
| ||| $ 
5 У 9 
| 5 і Н 
5 3 ш ЫГ 8 AIS 5 

0.001341 — 0.000355 0.0000402 0.0696 2579.71 | 0.00242 6.24 

0.001340 + 0. 000116 0. 0000535 0.0889 2689.12 | 0.00395 | 10.62 

0.001339 + 0.000716 0.0000668 0. 1082 2756.88 | 0.00586 | 16.17 

0.001338 + 0. 001452 0.0000801 0. 1275 2801.32 | 0.00814 | 22.80 

0.001337 + 0.002321 0.0000933 0.1468 2831.21 | 0.01080 | 30.57 

0.001335 + 0.003326 0.0001064 0.1662 2849.46 | 0.01384 | 39.43 

0.001334 + 0.004464 0.0001194 0.1857 2859.40 | 0.01729 | 49.43 

0.001333 + 0.005736 0.0001323 0.2053 2863.02 | 0.02115 | 60.55 


TABLE II CATENARY AT TEMPERATURE - 10 DEG. FAHR. 


Working Formula. 


[See equation (64)] 


x x 
sinh — cosh — 
єз єз 1 
------- 1 = Ё, – (2 + H» ----11-1 
х х х 
-- _. — sinh —— 
сз сз єз 
51 
Ез = —— = given in col. (5), Table I. 
cosh — 
2.802 сі 1 
G2 = 8) Е АО — —$ © c^ + rr ee 
2 X 1,739,808 000 «0.003598 x | х 
-- sinh — 
| €1 C1 
= 51 X 0.00000022381 X value given in col. 8, Table I. 
1.5391 
Hs = x ---------------- = Я X 0.00000012294 
2 X1,739,808,000 K0.003598 
(16) (17) (18) (19) (20) (21) 
(4) X _ (4) х (18), (19) (3) 
22.381 х 10711 (8) X (16) (55) - (17) — 1 |12,294 x 10-1 & Ch't II 20) 
«| 5 
“| д 
5 
n — 
5j = | | 
х |< 5 ч | 8 | 2 
= 23 Ёс: | | 
8 5 tz, щ TS 5 
0.00004021 0.001341 -0.000742 0.0000221 0.0424 4234.62 
0.00005356 0.001340 -0.000272 0.0000294 0.0628 3806.74 
0.00006687 0.001339 +0.000328 0.0000367 0.0846 3525.93 
0.00008013 0.001338 +0.001064 0.0000440 0.1066 3350.54 
0.00009332 0.001337 +0. 001938 0. 0000513 О. 1282 3241.98 
0.00010644 0.001336 -F0.002936 0.0000585 0.1494 3169.89 
0.00011948 0.001335 +0.004074 0.0000656 0.1704 3116.13 
0.00013242 0.001334 -F0.005346 0.0000728 0.1913 3072.54 
(22) (23) (24) (25) (26) (27) (28) 
(21) X (4) (25) X (21) X (26) X 
cosh (20) |(21) х (22) sinh (20) -- 1.5391 cosh (20) (27) 
—] (24) 
шилээ Залилан парин алшын эллан 
|< 
| в 
x | 2 ajc © 
E 2 
E: Е ї 
9 a 5|8 È 9 
ll Мә » ы. 
aos І 277 И кіз. м 
5| ч 3 5 © © 8 Е Е 
0.00090 3.81 179.290 1.00037 1.5397 4238.43 6525.91 
0.00197 7.50 239.216 1.00043 1.5398 3813.97 5872.75 
0.00358 12.62 298.646 1.00049 1.5399 3538.55 5448.01 
0.00568 19.03 357.838 1.00055 1.5399 3369.57 5188.80 
0.00823 26.68 416.757 1.00061 1.5400 3268.66 5033.74 
0.01118 35.44 475.325 1.00059 1.5400 3205.33 4936.21 
0.01455 45.24 533.575 1.00057 1.5400 3161.47 4868.66 
0.01836 56.42 591.372 1.00056 1.5399 3128.95 4818.27 


TABLE III. CATENARY TEMPERATURE -r 100 DEG. FAHR. 
Working Formula. [See equation (65)] 


x x 
sinh — cosh — 
С с 1 
——_ ~ 1 = F; — С; + H3| —————_ + ———- | -- 1 
x x x 
— —— sinh — 
c4 c4 “ 
Еу = 53/х X (1 + 0.00000922 (100 + 10]) = s3 X 1.001014 
x 
cosh --- 
1.5391 сз 1 
Gs = s3 Хх —— ------ 
2 X1,739,808,000 X0.003598 X 1.001014 x x 
--- sinh — 
x €3 €3 
cosh —— 
€3 1 
= 53 X 0.00000012281 ———— -Рр----- 
x | x 
-- sinh — 
єз [^ 
1.5391 
Нз = $3 Х------------------------- = $3 X 0.00000012268 
2 X1,739,808,000 X0.003598 х 1.001014? 
(29) (30) (81) (32) (33) (34) (35) - 
(24) (29) X (24) X (20) & (31) X 1[(30) — (33) (24) X 
—— 1.001014 | 12,281 «10-1 Ch’t II (32) — 1 12,268 
(3) x 10-1 
“|5 ч | 2 
== л — с ә 
£ 8 
n n — 
OU p t | 
Б „1815 5 
5 Rilo 5 ч | 2 | 
417% ш, 5 © 3 ш, X 
1.000234 | 1.001248] 0.00002206 47.16 0.001040 | +0.000208 | 0.0000220 
1.000640 | 1.001655] 0.00002938 31.83 0.000935 | +0.000720 | 0.0000294 
1.001180 | 1.002195] 0.00003668 23.67 0.000868 | +0.001327 | 0.0000366 
1.001876 | 1.002892| 0.00004395 18.80 © 0.000826 | +0.002066 | 0.0000439 
1.002735 | 1.003750 | 0.00005118 15.65 0.000801 +0.002949 | 0.0000511 
1.003680 | 1.004698] 0.00005838 13.43 0.000784 | +0.003914 | 0.0000583 
1.004870 | 1.005889| 0.00006553 11.80 0.000773 | +0.005116 | 0.0000655 
1.006114 1.007134) 0.00007 263 10.52 0.000764 | +0.006370 | 0.0000726 
(36) (37) (38) (39) (40) (41) (42) (43) (44) 
(34), (3) cosh (36) |(37) X (37) X (4) (41) X (37) + |42) X 
(35) & —— -1 (38) sinh (36) —— 1.5391 (39) (43) 
Ch't II (36) (40) 
e RJ] S 
| = 
| -< us 
= | 2 R | є 3 
* < 
E 5 ы 5 
"|ж | 2 5 ы ajs E ы 
| u 4 3 > 
| m н ; : ds 5 
MESES БЖ: 2 212 а E E 
0.0710 | 2528.85 | 0.00252 6.37 | 179.690 | 0.99951 | 1.5358 | 2535.22 | 3901 
0.0905 | 2 41.58 | 0.00410 | 10.83 | 239.380 | 0.99974 | 1.5387 | 2652.41 | 4081 
0.1095 | 2724.15 | 0.00600 | 16.34 | 298.894 | 0.99969 | 1.5386 | 2740.49 | 4216 
0.1285 | 2779.52 | 0.00825 | 22.96 | 358.141 | 0.99966 | 1.5386 | 2802.48 | 4312 
0.1475 | 2817.77 | 0.01089 | 30.69 | 417.143 | 0.99964 | 1.5385 | 2848.46 | 4382 
0.1665 | 2844.34 | 0.01389 | 39.50 | 475.773 | 0.99963 | 1.5385 | 2883.84 | 4437 
0.1865 | 2847.13 | 0.01744 | 49.65 | 534.065 | 0.99961 | 1.5385 | 2896.78 | 4457 
0.2060 | 2853.30 | 0.02129 | 60.74 | 591.946 | 0.99960 | 1.5385 | 2914.04 | 4483 


. 
айны жлдей лы DRAN 


"P ou Sam 5 а = uo “Эл: Л л Ж 15 ан ам) QA эса». 


sra эу . 


TABLE IV. CATENARY AT TEMPERATURE + 30 DEG. FAHR. 
Working Formula. (See equation (65) | 


x 
sinh -— cosh 
e c 1 
—1=F;’ — Сз' + Hy ЯД---- | — 1 
x x x 
--- -- sinh — 
c e ca’ 


F3’ = 53 X (1 + 0.00000922 (30 + 10)) = 5: X 1.0003688 
| x 


cosh —— 
1.5391 єз 1 
G3’ = X —_— ы —— —— + ————— 
2 X1,739,808,000 х 0.003598 х 1.0003688 x x 
—— sinh — 
C3 (8! 
= 53 X 0.00000012289 X value given in col. 32, Table III 
: 1 
Hs! = $$ X ————————————— — = $3 X 1.00000012285 
2 X 1,739 808,000 X0.003598 X 1.00030882 
(30) ” (31) ” (33) ' (34) ” (35) ' (36) ' 


SS ——— р J | ————— | — —— ———————— — | ---------------------- 


) X (24) X (30) ’ (24) X (34), ' (35) ’ 
1.0003688 | 12,289 х 10s |(31)’Х (32)| - (33) ’ – 1]|12.285 х 10" t| & Ch't II 


— — ——————Á— | ————M————————— | | ————————————À— | L————— 


— = 
a 
E. = 
е `„ | 
5 ы "d 
x |` о 
: я jel% " Ч) b A 
2% 9 < ш X “|5 
1.000603 0.00002207 0.001041 —0.000438 | 0.0000221 0.0510 
1.001009 0.00002939 0.000936 | +0.000073 | 0.0000291 0.0727 
1.001549 0.00003670 0.000869 | +0.000680 | 0.0000367 0.C936 
1.002245 0.00004397 0.000827 | +0.001418 | 0.0000440 0.1145 
1.003105 0.00005121 0.000802 | 40.002303 | 0.0000512 0.1354 
1.004090 0.00005841 0.000785 | +0.003265 | 0.0000584 0.1561 
1.005241 0.00006557 0.000774 | +0.004467 | 0.0000655 0.1766 
1.006485 0.00007267 0.000765 | +0.0)5720 | 0.0000727 0.1968 
(37) ' (38) ” (39) ' (40) ” (41 (42) ’ (43) ' (44) ' 
(3) cosh (36) ’ | (3D'Xx| (372) X (4) (41)’ x] Bn’ (42) X 
221 (38) ’ | sinh (36) ' 1.5391 | + (39) ’ | a3" 
(36) ” (40) ' 
Pe. Ure Epp ec 15 анамын шингэж зан 
| ч| 3 
қ 5: = 
ч d = (8 9 
5 = * : 
о N `a 
ү а 2|4 2, « 
% ы ag 
` Б; 
`. ` с ! 2 i K 3 ^ 
Ev 225 Ёс 5 2 “|48 а E E 
3520.55| 0.00130 4.58 | 179.618 | 1.00021 | 1.5394 3525.1 5427 
3238 35| 0.00264 8 68 | 239 268 | 1.00021 | 1.5394 3297.0 5074 
3186.90] 0.00438 | 13.95 | 298.730 | 1.00021 | 1.5394 3200.9 4927 
3119.37| 0.00657 | 20.49 | 357.948 | 1.00022 | 1.5391 3139.9 4833 
3069.58| 0.00918 | 28.18 | 416.880 | 1.00024 | 1.5395 3097.8 4768 
3033.84| 0.01221 | 37.05 | 475.494 | 1.00023 | 1.5395 3070.9 4721 
3006.73| 0.01564 | 47.03 | 533.755 | 1.00020 | 1.5394 3053.8 4701 
2986.67} 0.01943 | 58.04 | 591.600 | 1.00018 | 1.5393 3044.7 4687 


- TABLE V. САТЕХАКҮ AT TEMPERATURE + 60 DEG. FAHR. 
Working Formula. [See equation (66)| 


sinh cosh 
са” са” 1 
— ——— шш Еа” 23 Сі” + Нз” ———— el 
x x x 
-- sinh — 
са” са” са” 
Ғу” = s X (1 + 0.00000922(60 + 10]) = s3 X 1.0006454 
х 
cosh — 
1.5391 єз 1 
Сі” = X —————————————————— ———— + —— 
2 X1,739,808,000 х 0.003598 х 1.0006454 x T x 
--- sinh — 
C3 єз 
= 5з X 0.00000012286 X value given in col. 32, Table III 
1.5391 
Н)” = $s Х------------------------ = 5 X 1.00000012281 
2 X1.739,808,000 х 0.003598 х 1.00064542 
(30) 77 (31) a? (33) 27 (34) ,” (35) 77 (36) 77 
(29) Х (24) Х (30) ”- (33) ” (24) X (34) '', 
1.0006454 12,286 x 10°" [(31) '' (32) - 1 12,281 х 10-1 (35) ” 
& Ch't II 
ч | > 
ТО & 
5 ~ 
а T | 
5 + ын 
ч | > P 
`, % “|2 5, x. х. alia 
cs 9 | 5 : m 3 
1.000880 0.00002206 0.001040 —0.000160 0.0000221 0.0595 
1.001286 0.00002938 0.000935 +0.000351 0.0000294 0.0800 
1.001826 0.00003669 0.000869 +0.000957 0.0000367 0.1005 
1.002523 0.00004397 0.000827 +0.001696 0.0000440 0.1205 
1.003382 0.09005120 0.000802 +0.002580 0.0000512 0.1405 
1.004328 0.00005840 0.000785 +0.003543 0.0000584 0.1605 
1.005519 0.02006555 0.000774 +0.004745 0.0000655 0.1805 
1.006718 0.02007266 0.000765 | --0.005953 0.000072 0.2000 
(37) ” (38) ” (39) ” (40) ” (41) 7 (42) ” (43) ” (44)” 
(3) (37) ” (4) 
cosh (36) ” x (37) '' X (41) Хх (37) ” (42) * X 
(36)'' —1 (38) ’’ | sinh (36)” (4^ * 1.5391 + (39)* (43)* 
- | € шан ыы эг 
| сз 
* “an 
ч | e 3 | 5 S 
Y с ы х 
E Е aM ! 
9 а 2|6 ын Ч 
| » i Rs. Сс 
е. | =. а : = (< 5 d а 5 
х, Ajs 2 z |4 3 Ё | E 
3017.61 0.00177 2.0 179.658 0.99993] 1.5390 3023.0 4552 
2988.30 6.02320 9.58 239.333 0.99394] 1.5390. 2997.9 4614 
2988.10 0.00505 14.99 298.799 0 92997] 1.5390 2983.1 4591 
2964.05 0.00727 21.55 358.028 0.99998| 1.5391 2985.6 1595 
2958.16 0.09989 29.25 417.012 0.99998} 1.5391 2087.4 4598 
2952.67 0.01291 38.09 175.618 О 99998| 1.5391 2988.8 4500 
2911.77 0.01633 43.01 533.872 п. 999991 1.5391 2939 8 4602 
2938.89 0.02007 56 98 591.716 0.99999] 1.5391 2997.9 4614 
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The temperature-tension stringing chart (Fig. 3) is plotted 
from the values given in columns 28 Table II, 44 Table III, 
44' Table IV and 44" Table V. "The dotted curves for inter- 
mediate temperatures have been interpolated. The deflection 
curves for the temperatures — 10 deg., + 30 deg., + 60 deg. 
and + 100 deg. have also been drawn on the same chart so as 
to give an effective check on the work of stringing. 

Supposing the cable is to be suspended at a temperature of 
+ 50 deg. fahr. from towers spaced 500 ft. (152.4 m.) apart, 
then, according to the chart, the tension at the point of support 
must be 4750 lb. (2154.5 kg.) with a corresponding deflection 
of 10.2 ft. (3.1 т.) If the same cable at the same temperature 
were to be strung between towers spaced 1000 ft. (304.8 m.) 
apart, the tension would have to be 4650 lb. (2109.2 kg.) with a 
corresponding cable deflection of 42.5 ft. (12.9 m .). 

The computations for the Tables I to V consisting of 44 mathe- 
matical operations for each.argument are all derived from the 
values given in the first columns of Table I, and a slight error 
made in those columns might be accumulative during each 
succeeding step leading to appreciable errors in the last compu- 
tations. It is of importance, therefore, to begin the work with 
great precision using hyperbolic functions of the arguments in 
column 1 computed accurately to the eighth decimal. Below 
is given a table of natural hyperbolic functions of arguments 
which cover the range of ordinary span designs. 


-- sinh — cosh — 


0.04 0.0400106675 1.0008001061 
0.06 0.0600360065 1.0018005401 
0.08 0.0800853606 1.0032017064 
0.10 0.1001666750 1.0050041075 
0.12 0.1202882070 1.0072086441 
0.14 0.1404577820 1.0098160171 
0.16 0.1606835410 1.0128270898 
0.18 0.1809735759 1.0162437873 
0.20 0.2013360025 1.0200667556 
0.22 0.2217787996 1.0242977643 
0.24 0.2423106127 1.0289385057 
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(C) THE Most EcoNoMicAL TOWER SPACING 


The most important item in the cost of a transmission line is 
the cost of the supports for the line conductors. The following 
investigation will disclose the physical laws which govern the 
magnitude of this cost item and will evolve a method of its 


accurate computation in connection with the determination of 


some important mechanical features of the line. 
The total cost of the line supports is directly proportional 


to the cost of each support and to the number of supports used . 


for the entire line. For a minimum total cost, the cost of each 
support must be a minimum and the number of supports for the 
line must be a minimum, that is, the tower spacing must be a 
maximum. As demonstrated in the preceding section the 
critical catenary formed by the cable will determine the required 
height of support with a given tower spacing or it will determine 
the tower spacing with a given height of support, provided, the 
minimum clearance between cable and ground is fixed. The 
catenary equation also shows that the greater the tower spacing, 
the greater will be the height of the support. Since the cost of 
the support increases with the height of the support, an increase 
in tower spacing increases the cost of each support and at the 
same time decreases the total number-of supports required for 
the given line. Hence, the total cost of the supports will be 
a minimum when the tower spacing is euch, that if increased 
by an increment, the rate of increase in cost of the support 
multiplied by the number of supports is equal to the rate of 
decrease of the total cost of the supports due to a decrease of 
their number | 


The above analysis shows that for the determination of the 
minimum total cost of the line supports it is necessary to segre- 
gate the cost items which are a function of the tower spacing 
only, from the cost items which are a function of the tower 
spacing and of the height of the support. Тһе total cost must 
be expressed in terms of these two groups of items so that a 
mathematical solution for a minimum cost may be performed. 

The cost of a line support comprises the following items; 


. l. Cost of tower at place of erection. 
2. Cost of erection of tower. 
3. Cost of lease or purchase of tower site. 
4. Cost of foundation installed. 
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9. Cost of location and inspection of line support. 
6. Cost of insulators at location of tower. 
7. Cost of placing insulators and cable. 


Item 1. The weight of the tower is proportional to the maxi- . 
mum cable stress for which it is designed. For the same stress, 
an increase in the height of the tower increases its weight in pro- 
portion to the square of its height. Since the cost of the tower 
“18 proportional to its weight, the magnitude of item 1 is directly 
proportional to the square of the height of the tower. 


Item 2. Тһе given stress for which the tower 15 designed prac- 
tically fixes the weight per unit length and the lengths of its 
structural members. Hence, an increase in the height of the 
tower increases the number of its structural members, and in 
consequence the cost of erection, in direct proportion to the 
square of the height of the tower. 


Item 3. Since in practical tower design the ratio of the height 
of the tower to the width of its base is a constant, the area of 
the tower site and in consequence the cost of its lease or pur- 
chase will also vary in direct proportion to the square of the 
height of the tower. 


Item 4. Тһе cost of the foundation is directly proportional to 
the tension for which the tower is designed and is practically 
independent of the height of the tower. 


Items 5, 6 and 7 are independent of the mechanical features of 
the towers and are constants for given transportation rates and 
market conditions of materials and labor. Тһе magnitude of 
item 6 is practically proportional to the transmission voltage 
and is fixed for a given transmission voltage. 


The above analysis of the different cost items is based on the 
cost of a standard three-phase transmission line. 


Let Г, = length of the transmission line. 
2х = tower spacing. 
h — height of tower. 
kı = minimum clearance of cable to ground. 
y = maximum deflection of the catenary formed by the 


cable. 
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The number of line supports 1$, then 


L 
N= Ox 
(66) 
and the height of the support is 
В = В + у (67) 
The total cost of the line supports is 
M = N (I ks + №) ` (68) 
where: 
h? ka = sum of items 1, 2 and 3. 
Ёз = sum of items 4, 5, 6 and 7. 


Substituting equations (66) and (67) into (68): . 
L : 
М = Эу (he (еі + y? + Ез) 


Substituting for y in above equation its equivalent from equation 


(11), 


M- x (^ Е bs (cosh = _ 1) ]+ ks) (69) 


For a minimum or maximum cost the derivative of equation 
(69) with respect to x must be equal to zero: 


С M 2 x 
ам ита L ез sinh 2 ko c cosh = 


x 2 x | х? 
: x x 
2 kc sinh - 2 Р» с? cosh P 


-— +4 


x x? 


688 KIRSTEN: TRANSMISSION LINE DESIGN 


TNCS х 
ШҮ: 2 ke kı sinh — 2 k kı c cosh — 2 ks bic 


x2 


ge (pem ын ME ини 


x x x : x 
= 2cx cosh X sinh a c? cosh? m 2 cx sinh ps 


х 
+ 2 с cosh — – é 


+ 2 kı x sinh — 2 kı c cosh = + 2 kı c — ki — + 


2 


x 
But x 2c XT hence, 


0 = гс? (2 = cosh — sinh = cosh? 2 — 2 Ё sinh 2 
с с с с 
+ 2 созһ = — 1) 
k 
+ 2 chi (= sinh шат cosh = + 1) — р? – — 
C C C Ез 
Simplifying: 
c? (cosh 2 1) (2 = sinh Lo cosh = + 1) 
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Equation (70) yields the minimum cost if the positive sign 
before the radical is used. 

For a given clearance of the cable to ground k, and a given 
hyperbolic argument, equation (70) contains only one variable, 
the ratio Ёз + ke. Іп practical line design the possible range of 
this ratio falls within the limits 500 and 1500. In the following 
table are given the solutions of equation (70) for Ёз + ke = 500, 
Ез + k = 1000 and Ёз + ke = 1500 with arguments ranging 
between 0.06 and 0.20. Тһе results are plotted in the form of 
curves of Fig. 4. The dotted curves were drawn by interpolation. 


ki = 30 
ks +k: = 500 kg + Ёз = 1000 kg + Ез = 1500 
x 
-- с 2х с 2х с 2х 
с 
0.06 7661 919 9480 1138 11104 1332 
0.08 4310 690 5330 853 6243 999 
0.10 2755 551 3409 682 3979 796 
0.12 1913 459 2366 568 2771 665 
0.14 .1403 393 1736 486 2034 570 
0.16 1073 343 1329 425 1555 478 
0.18 847 305 1048 377 1227 442 
0.20 686 274 848 339 982 393 


The most economical tower spacing 15 the abscissa of the 
intersection point between the curve Ёз + Ёс corresponding to 
the given transportation rates and market prices of material 
and labor, and the curve of critical catenaries for the given cable 
plotted in terms of 2x and c; provided that the minimum clearance 
of the cable to ground is 30 ft. (9.1 m.). Forany other clearance 
a different set of curves has to be computed with the use of 
equation (70). 

The significance of the b; + Ёс curves obtained by equation 
(70) will now be demonstrated by the solution of the following 
problem: . 

Problem 4. What is the most economical tower spacing for 
the cable specified in problem 3 of section B? 

The cost data of a transmission line built under practically 
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the same as the present conditions concerning transportation 
charges and prices of labor and materials are as follows: 


1. Cost of tower at place of erection............. $190.00 
2. Cost of erection of tower........ TOW DUE 30.00 
3. Cost of tower 5їе........................... 10.00 
4. Cost of foundation installed.................. 125.00 
5. Cost of location and inspection of support..... 18.00 
6. Cost of insulators at location of tower........ 30.00 
7. Cost of placing insulators and cable........... 10.00 


The height of the point of cable support above the tower 
footing is 37 ft. (11.2 m.). The tower is designed for a tension 


EE 
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ii 
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of 6000 1Ъ. (2721.5 kg.) per cable. The transmission voltage is 
150,000. 

The transmission voltage of the line formed by the cable 
. specified іп problem 3 1s to be 110,000. 

Solution. If the tower specified above were designed for a 
tension of 8400 10. (3810.1 kg.). per cable, its cost would be 


199 х 8400 | 
199 X 9400 _ ш... 
$ 6000 $256.00 
and the cost of the foundation, 
gie 52 i200 


6000 
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For a transmission voltage of 110,000 the cost of the insulators 
will be approximately 


30 х 110,000 


$ 150,000 


= $22.00 


The remaining cost items are not affected by the tension and 
transmission voltage. : 
Cost data revised for different tension and voltage: 


1. Cost of tower at place of егесйоп............. $266.00 
2. Cost of erection of tower.................... 30.00 
3. Cost of tower 51{е........................... 10.00 
4. Cost of foundation installed.................. 175.00 
5. Cost of location and inspection of support..... 13.00 
6. Cost of insulators at location of tower......... 22.00 
7. Cost of placing insulators and cable........... 10.00 


Determination of the constants ki, k» and &; of equation (70). 
k, = should not be less than 30. 
ks = sum of items 1, 2 and 3 divided by the square of the 
height of the point of sapport above the tower footing. 
_ 266 +30+10 _ 5. | 
Ёз = sum of items 4, 5, 6 and 7, 
= 175 + 13 + 22 + 10 = 220. 


Interpolating the curve k; + k = 984 on Fig. 4 and plotting 
the curve of critical catenaries for the specified cable in terms 
of 2x and c from column 3 of Table I and column 37 of Table 
III, respectively, the two curves аге found to intersect at the 
point 2x — 605, c — 2730. 

Hence, the most economical tower spacing for the cable and 
climate specified in problem 3 1$ 605 ft. (184.4 m.). 

It will be remembered from the analyses of the preceding 
sections that the catenary at the minimum temperature under 
the most severe weather conditions 1s expressed bv 


max. T + w, = cı cosh Е 
] 
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The maximum tension max. Т 15 proportional to the size of the 
cable of a given material, whereas the weight per unit length 
w is not directly proportional to the size of the cable since the 
ісе and wind load included in the term 40, does not vary in 
proportion to the size of the cable. It will be found, however, 
that the variation of the ratio max. Г + w, decreases as the 
size of the cable increases, and that 1% will be practically neg- 
ligible for large cables such as are used for long transmission 
lines. Тһе influence of temperature on the length of the span 
is independent of the size of cable and the influence on the caten- 
arv formed by the cable due to changes of average tension along 
the span is also practically independent of the size of cable, 
remembering that the catenarv changes due to changes in 
tension are proportional to the ratio av. Г ~ w. Therefore, the 
critical catenary is practically independent of the size of cable, 
and the curve on Fig. 4 representing critical catenaries for a 
copper cable in a given locality will be approximately fixed in 
location for any size of cable used in long transmission lines. 

Since the critical catenary is a function of the range of tem- 
perature for a given locality rather than a function of the magni- 
tude of the maximum or minimum temperature, and since the 
extreme range of temperature does not уагу greatly for different 
localities in spite of the fact that the maximum or minimum 
temperatures mav greatlv differ, the critical catenarv will be 
but little influenced by the location of the span. Of course, 
this generalization does not embrace span designs for the tropics 
and climates exclusivelv controlled bv the trade winds. 

Тһе most extraordinarv fluctuations of transportation charges 
and market prices of labor and materials do not influence the 
ratio Ёз + kə to a very great extent since these factors jointly 
affect all the cost items which make up the total cost of a line 
support. Тһе sensitiveness of this ratio to the influence of 
changes in the size of the cable is also very small since both Ёс 
and Ёз are affected practically in the same proportion. In 
comparing the magnitude of the item covering insulator cost 
with the total cost of the support, it will be conceded that varia- 
tions in this item also have little influence on the magnitude of 
the ratio. 

From the above it follows that for a given cable material the 
range of variation of the most economical tower spacing is verv 
small, no matter what might be the size of the cable or the loca- 
tion of the transmission line in climates other than tropical or 
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subtropical, or what might be the prices of commodities used 
in the make-up of the finished support. | 

Supposing a conservative estimate places the range of fluctu- 
ations of the ratio ky + ks between the limits 800 and 1200, 
Fig. 4 will disclose the interesting fact that the most economical 
tower spacing for a copper cable, ranges between the narrow 
limits of 580 ft. (176.7 m.) and 630 ft. (192 m.) for a long trans- 
mission line. 

The above analysis in connection with the curves of Fig. 4 
will validate the statement that for a copper cable the most 
economical tower spacing is approximately 600 ft. (182.8 m.). 
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MODERN PHYSICS 


BY R. A. MILLIKAN 


Y POSITION tonight is somewhat reminiscent of a story 
that my father used to be fond of telling of a Scotch 
preacher who thought that all of the italicised words in the 
Holy Writ were meant to be emphasized, and so he read: “Апа 
Abraham said unto his servants, saddle me an ass, and they 
saddled him." When one of his parishioners expostulated with 
him and told him that he didn't think that was really what was 
meant, he, being a Scotchman, kept his own opinion, but being 
more or less politic, he said he would change it, and so the next 
time he read: *And Abraham said unto his servant, saddle me 
an ass, and they saddled him."  (Laughter.) 

The point of the story is that it doesn't make any difference 
where the emphasis is placed, the situation remains entirely 
unchanged. I am, however, really glad to be saddled tonight, 
because I should like to do a little bit, if I can, towards bridging 
the chasm which we have foolishly—I had almost said idiotically 
—allowed to grow up between the physicist and the applied 
physicist, who commonly is called an engineer. The chemists 
have been very much more sensible, they have not split up 
into two groups, called chemists and applied chemists, and there is 
absolutely no more reason why we should have done so, because 
© obviously the physicist is merely the vanguard in the army of 
engineers, the scout, the explorer, who is given the task of trying 
to open up new paths for human progress, of prospecting for 
new leads to nature's gold, and it is just as important that the 
engineer know where he is and what he is doing as it is that he 
know where the army is which is behind and which supports 
him. 

If you have any respect for my subject or any respect for me, 
you will not expect me to outline in the space of one brief hour 
the work of modern physics. It is utterly impossible to do, and 
I сап say that without affecting an inordinate egotism. I had 
the good fortune to listen a little while ago to a series of lectures 
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by our honored ex-President, Mr. Taft, on *The Executive 
Power," and he said in those lectures that his friend, Mr. 
Roosevelt, had somewhere classified the Presidents of the United 
States into two groups, the first, the group that had interpreted 
the executive power broadly and exercised it largely, and the 
second, the group that had interpreted it narrpwly and exercised 
it sparingly, and he said that he began the first group with Lin- 
coln and closed it with himself, and that he began the second 
group with Buchanan and closed it with myself—that is, with 
Mr. Taft. Then, with his 1nimitable chuckle, Taft said, *That 
reminds me of a story about a little boy who came home from 
school and said, 'Papa, did you know I was the brightest student 
in class? His father replied, 'No, I didn't know it. When 
did the teacher tell you so?’ 

“Тһе boy answered, “Тһе teacher didn't tell me so, I just 
noticed it myself.’ " (Laughter.) 

If I appear at all in what I say to have just noticed it myself, 
I beg of you at any rate to believe me that the appreciation 15 
an appreciation of the subject, of the method that it uses, of 
the spirit that underlies it, and of the results that have actuallv 
flowed from it, and not an appreciation of any individual or 
group of individuals. 

The spirit of modern science is something relatively new in 
the world's history, and I want, as an introduction to the main 
address, to give an analysis of what it is. I want to take you 
up іп an aeroplane which flies in time rather than іп space, and 
look down with you upon the high peaks that distinguish the 
centuries, and let you and me see together what is the distin- 
guishing characteristic of this century in which we live. I think 
there will be no question at all, if you get far enough out of it 
so that you can see the woods, without having your vision 
clouded by the proximity of the trees, that the thing which is 
characteristic of our modern civilization is the spirit of scien- 
tific research—a spirit which first grew up in the subject of 
physics, and has spread from that to all the other subjects of 
. modern scientific inquiry. 

That spirit has three elements. The first 1s a philosophy, 
the second is a method, and the third is a faith. Look first at 
the philosophy. I say that is new for the reason that all prim- 
itive peoples, and many that are not primitive, have held a 
philosophy that is both animastic and fatalistic. Every phe- 
nomenon which is at all unusual or for any reason not immed- 
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iately intelligible used to be attributed to the direct action of 
some invisible personal being. Witness the peopling of the 
woods and streams with spirits by the Greeks; the miracles and 
possession by demons of the Jews; the witchcraft manias of our 
own Puritan forefathers, only two or three hundred years ago. 

. Now, that a supine fatalism results from such a philosophy 1s 
to be expected, for according to it everything that happens 
is the will of the gods, or the will of some more powerful beings 
than ourselves. And so, in all the ancient world, and in much 
of the modern also, three blind fates sit down in dark and deep 
inferno and weave out the fates of men. Мап himself is not a 
vital agent in the march of things, he is only a speck, an atom 
which is hurled hither and thither in the play of mysterious, 
titanic uncontrollable forces. 

Now, the philosophy of phvsics, a philosophy which was held. 
at first timidly, always tentatively, always as a mere working 
hypothesis, but yet held with ever increasing conviction from 
the time of Gallileo, when the experimental method may be said to 
have had its beginnings, clear up to the present time, is the 
exact antithesis of the above. Stated іп its most sweeping form 
it holds that the universe is ultimately rationally intelligible, 
no matter how far from a complete comprehension of it we may 
now be or indeed may ever come to be. It believes in the 
absolute uniformity of nature. It views the world as a mech- 
anism, every part and every movement of which fits in some 
definite, invariable way, into the other parts and the other 
movements; and it sets itself the inspiring task of studying 
every phenomenon in the confident hope that the connections 
between it and other phenomena can ultimately be found. It 
wil have naught of caprice in nature. It looks askance at 
mysticism in all its forms whether put forth bv Dionvsus in 
Greece іп 300 B. C. or Бу the devotees of Bergson іп Paris іп 
1915. "That 1$ the spirit, the attitude, the working hypothesis of 
all modern science, and let me say that this philosophy is in no 
sense materialistic, because good, and mind, and soul, and 
moral values, which is only another word for God, these things 
are all here just as trulv as are anv physical objects, and with 
that kind of a creed thev must simplv be inside and not outside 
of this matchless mechanism. 

Second, as to the method of science, it is а method practically 
unknown to the ancient world; for that world was essentiallv 
subjective in all its thinking and built up its views of things 
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largely by introspection. Тһе scientific method on the other 
hand is a method which is completely objective. It is the method 
of the working hypothesis which is ready for the discard the very 
minute it fails to work. It is the method which believes in a 
minute, careful, wholly dispassionate analysis of a situation; 
and any physicist or engineer who allows the least trace of 
prejudice or preconception to enter into his study of a given 
problem violates the most sacred duty of his profession. This 
present cataclysm which has set the world back a thousand 
years in so many ways, has shown us the pitiful spectacle of 
scientists who have forgotten completely the scientific method, 
and have been controlled simply by prejudice and by precon- 
ception. This is no reflection on the scientific method, it merely 
means that these men have not been able to carry over the 
methods they use in their science into all the departments of 
their thinking. Тһе world has been controlled by prejudice and 
emotionalism so long that reversions stil occur, but the fact 
that these reversions occur after all does not discredit the scien- 
tist, or make him disbelieve іп his method. Why? Simply 
because that method has worked, it is working today, and its 
promise of working tomorrow is larger than 1t has ever been 
before in the world's history. По you realize that within the 
life time of men now living, within a hundred years, or one 
hundred and thirty years at most, all the external conditions 
under which man lives his life on this earth have been more 
completely revolutionized than during all the ages of recorded 
history which proceeded? Му great grandfather lived essen- 
tially the same kind of a life, so far as external conditions were 
concerned, as did his Assyrian prototype six thousand years 
ago. He went as far as his own legs or the legs of his horse 
could carry him. Не dug his ditch, he mowed his hay, he did 
all the operations of his industrial life, with the power of his 
own two arms, or the power of his wife's two arms, with an 
occasional lift from his horse or his ox. He carried a dried 
potato in his pocket to keep off rheumatism, and he worshiped 
his God in almost the same superstitious way. It was only in 
the beginning of the nineteenth century that the great dis- 
covery of the ages began to be borne ш upon the consciousness 
of mankind through the work of a few patient, indefatigable 
men who had caught the spirit which Gallileo perhaps first 
notably embodied, and passed on to Newton, to Franklin, to 
Faraday, to Maxwell, and to the other great architects of the 
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modern scientific world in which we live,—the discovery that 
man is not a pawn in a game played by higher powers, that 
his external as well as his internal destiny is in his own hands. 
You may prefer to have me call that not a discovery but a faith. 
Very well! It is the faith of the scientist, and it is a faith which 
he will tell you has been justified by works. "Take just this one 
illustration, suggested by the opening remarks of your President. 
In the mystical, fatalistic ages which preceded, electricity was 
simply the agent of inscrutable Providence; it was Elijah’s fire 
from Heaven sent down to consume the enemies of Jehovah; 
or it was Jove's thunderbolt hurled by an angry God; and it 
was just as impious to study so direct a manifestation of God's 
power in the world as it would be for a child to study the strap 
with which he is being punished, or the mental attributes of 
the father who is behind the strap. It was only one hundred and 
fifty years ago that Franklin sent up his famous kite, and showed 
that these thunder bolts were identical with the sparks which 
he could draw on a winters night from his cat’s back. Then, 
thirty years after that Volta found that he could manufacture 
these same thunderbolts artificially by dipping dissimilar metals 
into an acid. And, thirty years farther along Oersted found 
that those same thunderbolts when tamed and running noise- 
lessly along a wire would deflect a magnet, and with that dis- 
covery the electric battery was born, and the erstwhile blustering 
thunderbolts were set the inglorious task of ringing house bells, 
primarily for the convenience of womankind. Then ten years 
later Faraday found that all he had to do to obtain a current 
was to move a wire across the pole of a magnet, and in that 
discovery the dynamo was born, and our modern electrical age, 
with its electric transmission of power, its electric lighting, its 
electric telephoning, electric toasting, electric foot warming 
electric milking,—all that is an immediate and inevitable con- 
sequence of that fliscovery—a discovery which grew out of the 
faith of a few physicists that the most mysterious, most capri- 
cious and the most terrible of natural phenomena is capable of 
a rational explanation and ultimately amenable to human control. 

In that statement, I have revealed the top root of the 
civilization of the nineteenth century. Add to it a bit tocover 
the harnessing of steam, and the development of the principle 
of the conservation of energy, and you have an epitome of the 
progress of the nineteenth century. It all grew out of the ap- 
plication of a few, a relatively few, discoveries as to the way in 
which nature works. 
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And at the end of the nineteenth century there were many of 
us physicists and engineers who thought that all the great 
discoveries had been made. It was а common statement that 
this was so. I heard it publicly made in 1894, and yet within a 
year of that time I happened to be present in Berlin at the meet- 
ing of the Physical Society at which Roentgen showed his first 
photographs, and since that time we have had a whole new 
world, the very existence of which was undreamed of before, 
opened up to our astonished eyes. We have found a world of 
electrons which underlies the world of atoms and molecules 
with which we had been familiar, and the discoveries in that world 
have poured in so rapidly within the last twenty years that there 
are no two decades in human history that compare at all with 
them in the rapidity of the advance. Апа these discoveries 
have been made too for the most part by groups of men interested 
merely in finding out how nature works. They have been 
made almost exclusively by college professors; and for ten years 
they remained the exclusive property of these professors. What 
has happened in the last ten years? The industrial world has 
fallen over itself in the endeavor to get hold of these advances, 
and by their aid it has increased ten-fold the power of the tele- 
phone, 1 has obtained four or five times as much light as we 
got a few years ago out of a given amount of electrical power, 
it has developed new kinds of transformers the existence of 
-© which was never dreamed of before—all these things are coming 
now, it 1s not in the distant future, that we are going to find the 
applications; we have found in the last five years a great quantity 
of them, and how many more are going to come; no man can tell. 

And yet we must not focus our attention too intently upon the 
utility of a discovery. Did you ever hear the story of what 
happened when Faraday was making before the Royal Society, 
in 1831 that experiment to which your Chairman referred. He 
performed his experiment, and then explained*t. It was simple, 
it did not look particularly interesting. One saw only a de- 
flection of a needle. And some woman in the audience said, 
“But Prof. Faraday, of what useisit?' His reply was, “Madam 
will you tell me of what use is а new born babe?’’—and what a 
reply it was? Infinite possibilities—-possibilities which may 
indeed not be realized, but at any rate something altogether new. 
Faraday did not care of what tmmediate use that new thing was, 
for he was one of the great souls who had caught the spirit of 
Gallileo. He knew that human progress depends primarily 
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upon /he growth of the human mind, the ability of man to get 
hold of nature. Тһе utilities might come, they always do 
come, but they generally crop out as by-products, and the man 
who has got his mind fixed merely on utilities 15 simply the man 
who kills the hen to get the golden egg. I have just as much 
respect for utilities as you or anybody has, I believe that nothing 
is worth while except as it contributes in the end to human 
progress, but the difficulty is you cannot tell, nor can I or any- 
body else tell what is going to contribute to human progress. 
The thing that is important is that the human mind should grow. 
That is the sine qua non of progress. At the Capitol in Harris- 
burgh there is a picture by Sir Edwin Abbey, which is entitled, 
“Wisdom, or the Spirit of Science." It consists of a female 
veiled figure with the forked lightnings in one hand, and in the 
other the owl and the serpent, the а of mystery; and 
beneath is the inscription,— 
*[ am what is, what hath been and what shall be. 

My veil has been disclosed by none 

What I have brought forth is this: The sun is born." 

It 15 to lighten man's understanding, to illuminate his path 
through life, and not merely to make it easy, that science exists. 
Hence, if you ask me what are the utilities of the particular cate- 
gory of discoveries which I am going to run over here very rap- 
idly, I may be able to tell you of a good many of them, but I shall 
not try to catalogue them all, because that 15 not where our 
immediate interest lies, It is “where there is no vision” That 
"the people perish.”’ 

Finally, before launching upon thesea of recent discovery, I 
wish to make one more remark about the method of science, 
namely this: Тһе progress of science is almost never by the 
process of revolution. You see a great deal in your news- 
paper headings about revolutionary discoveries. They almost 
never happen. Thus when the atom was found not to be an 
ultimate but a divisible thing, there was no revolution, there 
was not a single law that had to be given up. We had 
simply opened up a new field, tapped a new lead, found an 
unexplored region, a sub-atomic region, and all that was above 
it remained just exactly as it had been, and no chemist had any 
occasion to be disturbed, for the chemists' laws were just as 
precise as they had been before. Sometimes we do indeed 
find that we have generalized too far, and that some law which 
we had supposed to be of universal application is limited in its . 
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scope, but this does not alter the fact that the growth of science 
is in general by a process of accretion, almost never by that of 
revolution. Once in a while we have something revolutionary, 
but not often. 

Let me now run over a list of ten discoveries which I will call 
the ten most important advances of the last twenty years. I 
will not keep you long upon them, I will just touch upon them, 
because І could spend the whole evening on any one of them. 

We may aptly characterize the physics of the last twenty 
years as the physics of atomism, and the first discovery on my 
list of ten advances is the recent verification of the adumbrations 
of the Greeks regarding the atomic and the kinetic theories— 
the proof that, as Democritus had imagined 500 B. C., this 
world does indeed consist, in every part of it, of matter which is 
in violent motion. 

Up to within six years there were not a few distinguished 
scientists who withheld their allegiance even from these atomic 
and kinetic theories of matter. The most illustrious of them 
was Professor Wilhelm Ostwald, but in the preface to a new 
edition of his Outlines of Chemistry he now says frankly: 

“Т am convinced that we have recently become possessed of 
experimental evidence of the discrete or grained nature of matter 
for which the atomic hypothesis sought in vain for hundreds 
and thousands of years. Тһе 1solation and counting of gaseous 
ions on the one hand. . ..and on the other the agreement of the 
Brownian movements with the kinetic hypothesis... .justify 
the most cautious scientist 1n now speaking of the experimental 
proof of the atomic theory of matter. Тһе atomic hypothesis is 
thus raised to the position of scientifically well-founded theory." 

I think you all know what the Brownian Movements are but 
I wish especially to call attention to the fact that this advance 
was made not by a practical man, but by a man who never did 
any experimental work in his life, Einstein, a mathematician, a 
man who was capable of analyzing a theory and predicting 
results, and the experimentalists have checked those results. 
The results consist in predicting how far a given particle that 
you can see in an ultra microscope will drift in a given time, and 
our own experiments have checked this prediction to within 
one-half per cent. It is that sort of evidence that has convinced 
Ostwald of the correctness of the kinetic and the atomic theories. 

The second advance 1s the proof of the divisibility of the atom, . 
a proof which grew out of the discovery of X-rays. Let me 
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tell you how. If you have here two plates with an electric 
field between them, and nothing else but a monatomic gas like 
helium, then it is found that when the field is thrown on the 
helium is perfectly stagnant, but when a beam of X-rays is 
shot between the plates some of the molecules become electric- 
ally charged and begin to jump, some of them toward the upper 
plate and some toward the lower plate, where their presence can 
be detected by an electrical measuring instrument. What does 
that show? It shows that the thing which we call an atom has 
electrical charges as its constitutents; and the history of the 
last twentv years in physics has consisted pretty largely in 
determining what are the properties of these electrical constit- 
uents. 

The third 1$ the discovery of radio-activity, which occurred 
just a little after the discovery of X-rays. And here again we 
found matter doing things we had never dreamed it was doing 
viz: shooting off from itself both negatively and positively 
charged particles, the negatives with a speed which may ap- 
proach close to the velocity of light, 186,000 miles per second, and 
positives with a speed of one-tenth of that, or 18,000 miles. Тһе 
fact that such speeds could be imparted to projectiles of any kind 
was undreamed of twentv years ago. 

The fourth discovery that I wish to mention is the discovery 
of the atomicity of electricity, the proof that the thing we call 
electricity 1$ built up out of a definite number of specks of elec- 
tricity, all exactly alike, and that what we call an electrical current 
consists simply in the journey along the conductor of these 
electrical specks, which we mav call with perfect justice definite 
material bodies. Now, I can give vou in just a word the proof 
of that statement. There аге half a dozen wavs in which it 
could be approached. I will mention the one with which I am 
most familiar, because it 1s the particular proof which we worked 
out at our laboratory. 

We took these plates with a field of 10,000 volts between 
them, with a little hole in the top plate, and we blew an oil 
spray above the top plate so as to get an electrically charged 
body just as small as we could, for we expected that the frictional 
process involved in blowing the spray would charge the drops, 
which it was found to do. We let one of those drops come into 
the space between the plates and then moved it up and down 
by an electrical field, throwing on the field as it came close to 
the bottom plate, and throwing it off as 1t approached the upper 
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one, and so we kept that oil drop going up and down between 
the plates, in the hope that it would capture some of the ions 
which we knew existed іп the air, put there by radium or other 
agencies. The drop met our fullest expectations as a police 
officer capturing ions frequently and signalling the fact of each 
capture to the observer by the change in its speed in the field. 
For the oil drop 1$ an electrically charged body, and in a given 
field it moves with a definite speed. If however it captures an 
ion, its charge increases or decreases, and hence its speed in- 
creases or decreases. If the charges on ions are all alike, then 
we can only get one particular change in speed. If the charge 
that is already upon it, put there by the frictional process, is 
built up out of these same units, then the total speed which the 
field will impart must be an exact multiple of the change in speed 
which the capture of an 1оп produces. In other words, if elec- 
tricity is atomic in structure, you cannot get in a given field 
anything except a definite number of speeds, which will make an 
arithmetical series, that 1s, will come up by steps, one, two, three, 
etc. That is exactly what we found. We have experimented 
with thousands of drops and scores of different substances, and 
they always work exactly that way. Both positively and 
negatively charged drops are found to act in quite the same way, 
showing that both positive and negative electrical charges are 
built up of specks of electricity. Further we can count the 
number of those specks, which we will call electrons, in a given 
drop, with the same certainty with which you can count the 
number of fingers that are before you now. And again since 
Rowland showed that an electrical current is nothing but a 
charge in motion, you have here the proof that the electrical 
current that goes through these lamps, for example, is nothing 
except the motion of a certain number of electrical specks 
through or over the filament of the lamp. Add to that J. J. 
Thomson’s discovery made in 1881, that an electrical charge 
possesses inertia, the only distinguishing property of matter, and 
you have made it perfectly legitimate to say that an electrical 
current in a wire is a definite, material, granular something which 
is moving along that wire. 

The fifth great discovery of modern physics is the bringing 
forward of evidence for the electrical origin of mass. I have 
just said that electricity is material. Can we turn it around, 
and say that all matter 15 electrical in origin? Тһе last is not 
exactly the same as the first, and it needs evidence. When we 
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have proved that an electrical charge possesses inertia or mass 
we have not shown that there is no inertia in matter which is not 
electrical in its origin? Now we have а certain amount of evi- 
dence upon this point and I wish to state what that evidence 15. 
We can measure the inertia of the negative electron and it is 
found to be атқ of the inertia of a hydrogen atom, but the 
positive electron is never found with an inertia less than the iner- 
tia of a hydrogen atom. Let us consider the inertia of the 
negative. So long as it is moving slowly compared with the 
speed of light its inertia remains constant because the shape of 
its electromagnetic field is not appreciably distorted by its 
motion. But as soon as you imagine it to be moving with 
a speed which is close to the speed of light, that is with a speed 
which is nearly as great as the speed with which its own electro- 
magnetic field can travel forward, then further change in speed 
wil distort the field and hence change the inertia. In 
other words, the inertia of a charge ought to be a function 
of speed only when the speed approaches the speed of light. 
As a matter of fact, when it is from 0.1 up to 0.9 of the speed 
of light, you can compute just how it ought to vary. Now, by 
some happy chance the physicist has found negative electrons, 
namely those shot off by radium, which are going with these 
speeds, and hence it is possible to test our theory for these 
particles and see whether the rate of change of their inertia 
with the speed checks with the theoretical value. It is found 
that there is such a check. This means that there isn't any 
inertia in those particles which does not obey the electromag- 
netic laws. Therefore, we have good reason for assuming that 
the negative electron is nothing but a disembodied electrical charge, 
and that 145 inertia 1s wholly of electrical origin. 

Now, with respect to the positive electron, we haven’t that 
evidence as yet, but it 1s obviously in the interest of simplicity 
to assume one kind of inertia rather than two. Further, we 
have a little bit of evidence of this kind, and I wish to mention 
what it 15, because that will furnish an introduction to my sixth 
important modern discovery. We have good reason to think, 
at any rate, that there is only one positive electron in the hy- 
drogen atom, but that the mass, or inertia of that positive is 
almost the mass of the hydrogen atom—at any rate we never 
find it any less. Now if this inertia is all electrical then we know 
from theory that the charge must be more condensed in the 
positive than in the negative, consequently, if we are going to 
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make the observed inertia of the hydrogen nucleus all electrical, 
it must be even a more dense charge, that is a smaller body, 
than is the negative charge. So, we first get the picture by 
that kind of a theory of an atom which has an extraordinarilv 
minute single positive nucleus, and negative electrons around 
the outside. We first got this picture by that kind of a theory, 
but we don't depend upon that theory now, because we know that 
the conclusion is correct. We know that the atom does consist 
of a body with a positive nucleus which is extraordinarily minute, 
and we can tell just how large it 1$, if we define the nucleus as 
the part of the atom that 15 impenetrable to the alpha rays of 
radium. 

This brings me to the sixth of our discoveries namely the 
discovery of the nucleus atom. [е me give you just a brief 
statement of how we know that the atom is somewhat like a 
miniature solar system, with an extraordinarily minute nucleus, 
the size of the nucleus never being more than 1/100.000 part 
of the diameter of the atom, with a certain number of subsidiary 
badies—negative electrons— which we should liken to the 
planets, somewhere around the outside. How do we know that 
is the case? We have this direct evidence. Nature takes a 
helium atom which is going with a speed of 18,000 miles per 
second, and nature shoots that atom right through a glass wall 
without leaving any hole behind, and without in any wav 
interferring with the structure of the molecules of the glass. 
I can show you photographs that make the thing so clear that 
the wayfaring man can see it, you don't need to be a physicist. 
I will do so at the end of the hour, if there is time. This obvi- 
ously means that the positive nucleus itself must be extraordi- 
narily minute. Indeed the fact that the negative electron ac- 
tually shoots through those hundreds of thousands of atoms 
without ever going near enough to any constituent of those 
atoms to knock any one of them out, and the fact that the positive 
nucleus of helium, viz; the alpha particle, shoots through even 
more molecules without being deflected at all from its course, 
causes one to wonder whether there was anything at all that 1s 
impenetrable in the atom. Why do we say there is a nucleus 
there? Because direct experiment says there is. There is a 
certain portion of the atom which the alpha particle itself 
cannot penetrate. If the impact is head on, the alpha particle 
goes right up to the atom and then it backs straight 
back again, or if it comes up to the atom at an angle like this it 
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goes off that wav. (Illustrating.) It is only rarelv that that 
happens, but Rutherford and Geiger and Marsden counted the 
percentage of alpha particles which goes straight on, and the 
percentage which goes off here, and in that manner, Бу рег- 
fectly simple algebraic analvsis that апу one of vou can under- 
stand, without anv assumption at all except the law of inverse 
squares, which can hardly be called an assumption, at least so 
far as the attraction between the positive nucleus and the nega- 
tive electron is concerned we find how big that nucleus is. Ву 
the size of the nucleus I mean the size of that portion of the 
atom which is impenetrable to the alpha particles. It comes 
out something like 10-3 centimeters. Тһе diameter of the 
atom is 108 Furthermore, bv counting how the deflections of 
the alpha particles are distributed around this sphere, which 
we can do directlv with the aid of zinc sulphide spread over the 
inside of the sphere we can obtain the number of alpha particles 
deflected through апу given angle, and then with a little 
analvsis of unquestionable correctness, we find how many unit 
charges, positive electrons, there are in this exceedinglv small 
nucleus, and it comes out approximatelv one-half of the atomic 
weight. 

Now, I come to another extraordinary discovery which did 
not merelv tell us approximatelv how manv electrons there are 
in the nucleus but it told us exactly how many there are, and the 
result checked too with the number obtained bv the foregoing 
approximate method. This brings me to the recent discoveries 
in the field of X-ravs, and I will call the seventh of the modern 
advances the discoverv of the nature of X-ravs, which was 
virtually made by Barkla іп 1904. For Barkla and others had 
proved that there are two tvpes of X-ravs, first, X-ravs which 
consist in simple ether pulses pushed off from an electron when 
it changes its speed; and second so-called characteristic X-ravs 
which are formed thus. When the electrons bump into a target 
thev set something in the target into vibration, and this 
something sends off perfectlv definite. characteristic X-ravs, 
which are hke monochromatic light. So, we have two 
tvpes of X-ravs, pulse X-rays, hke white light, and mono- 
chromatic X-ravs, like monochromatic light, such as mer- 
cury gives rise to. That is the seventh of our great modern 
discoveries and it must be credited chiefly to Barkla. 

The eighth I will call the discovery of crystal structure by the 
study of X-ravs, which is due to Laue іп Munich, and Bragg, 
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in England. The method is simply this. You know that we 
analyze light by a grating which consists of a series of equally 
spaced lines on a reflecting or transmitting surface. With such 
a device we can split light up into a spectrum but we cannot thus 
split it up unless the width of the grating space is comparable 
with the wave length of the light. In the case of X-rays, we 
had no knowledge of gratings whose grating spaces were anything 
like as small as the wave length of X-rays, in fact such gratings 
were unknown until Laue had the bright idea of using the regular 
arrangement of the atoms in a crystal for a grating to see whether 
that would not do the work, and it did the work marvelously 
well. It was found that we could compute the grating space of 
certain crystals from the density and the atomic weight and then 
from the observed spectrum find the wave length of X-rays. 
And now knowing the wave length we can work backward and 
find the grating-space for other crystals. We are now using 
this method for finding the positions and the arrangements of 
the atoms in crystalline bodies. Prof. Bragg in his recent | 
book on X-rays and crystal structure has described this work 
very beautifully. Thus a whole new field of experimentation has 
been opened up and is being pursued in a great many labora- 
tories, and with particular success by A. W. Hull at the labora- 
tory of the General Electric Company. There are almost un- 
limited possibilities for the chemist in the discovery of the exact 
position of the atoms in any kind of crystal by this method. 

But the results of this discovery as of most of the others 
which I have mentioned are rather insignificant when compared 
with those of the ninth which I am going to mention, namely the 
discovery of the relations between the elements, and the extension 
of our knowledge of the radiations emitted by different sub- 
stances. This discovery was made by a young Englishman only 
twenty-six years old, Moseley, who has already, unfortunately, 
fallen a victim to this juggernaut which is at the present time 
crushing out the finest scientific brains in the world. Moseley 
was killed at the age of twenty seven a year after he made his 
epoch-making discovery, and all the lives and all the interests of 
the ete: паПу infamous men who made this war are not to be 
compared in value to the world with a hair of Moseley's head. : 
Yet he had to be sacrificed to save a threatened civilization. 
A double honor to Moseley. 

His discovery was this: Не was analyzing the characteristic 
X-rays which are given off when any kind of a substance is 
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bombarded with cathode rays. The experiment was in my 
judgment as briliantly conceived, as carefully and skillfully 
carried out, and as illuminating in its results, as any which has 
‘been done in the last fifty years. What he found was this, that 
the atoms of all the difierent substances emit radiations or 
groups of radiations which are extraordinarily similar, but that 
these radiations difier as we go from substance to substance 
in their wave lengths. The whole discovery can be stated in 
this fashion: If you take the highest frequency emitted by a 
given atom, and if you lay down on a table a length which is equal 
to the square root of this frequency, and if on top of that you 
lay down the square root of the frequency of the atom which 
has the next lower frequencv, and so if you continue tolay down, 
with one group of ends together,the measured square root 
frequencies of all the elements that you can study, then what 
have you got? You find that you have a flight of stairs, with 
perfectly definite equal treads; that 1$, the frequencies change by 
' definite steps as you go from element to element. And there 
are only four vacant treads between the lightest element which 
Moseley could study, namely aluminum and the heaviest one, 
namely, lead, thus indicating that there are only four elements 
in this range which we have not already found. An ex- 
tremely interesting question is, what is the greatest. common 
divisor of this series of steps, that is, what is the top step? There 
are two ways to get at it. One is by filling all the spaces up to 
aluminum with known elements in the order of their weights— 
we cannot investigate the lighter ones by the X-ray method 
because their frequencies are too low; at least we have not yet . 
found how to investigate them. Now there are just twelve 
elements below aluminum, so we may put them all in, starting 
with hydrogen. That would make hydrogen correspond to the 
top step. Тһе second way is to find arithmetically the greatest 
common divisor of the square root frequencies. This gives usa 
frequency which is within a few per cent of the highest frequency 
which hydrogen can produce, according to Lyman's measure- 
ments in the ultraviolet region of optical radiations. This 
indicates again that hydrogen is the element corresponding to 
the first step. All of this seems to mean three things, it means 
first that the X-rays of hydrogen are just its ordinary visible 
radiations; second it means that Moseley opened up a whole 
new field of radiation, beginning with the radiations of hydrogen, 
and extending up to a frequency (92)? or 8464 times as high as 
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that given by hydrogen. I have squared 92 because 92 1s the 
number of the step corresponding to uranium, the heaviest 
known element, and the one having the highest frequency in 
its characteristic X-rays. Moseley’s discovery means in the 
third place, almost certainly, that the elements are built up one 
from another by successively adding the nucleus of the hydrogen 
atom. The probable reason for the change in frequency as the 
nucleus takes on a stronger and stronger charge is that the 
electron sending off say the highest characteristic frequency is in 
a stronger electrical field іп the helium atom, for example, than 
in the hydrogen atom, and so as the charge on the nucleus goes 
up by successive steps in going from element to element fre- 
quencies go up by corresponding steps. 

We may then picture with considerable confidence this whole 
physical world as built up out of one positive and one negative 
electron. The positive electron is the nucleus of the hydrogen 
atom. It is every minute in comparison wth the negative, 
but much more massive, when two free positive electrons are 
tied together we have the helium atom. We don't know why 
these positives cling together. We сап assume, as an hypothesis, 
that there are'four positives in helium which are held together 
by two negatives, thus leaving but two free positions as ехрегі- 
ment indicates is the case. Тһе assumption here is that in the 
nucleus one negative is capable of holding two positives. This 
assumption would make the nucleus of any atom contain a 
number of negatives equal to the atomic number and a number 
of positions equal to twice the atomic number. So much for a 
very brief and incomplete sketch of Moseley's contribution to 
modern physics. 

My last of the great discoveries of modern physics is one that 
I will just touch upon. It is the discovery of quantum relations 
in photo-electricity, іп X-rays, and in optical spectra; but here 
I am coming to a field which we do not know very much about, 
which we do not yet understand, and my main motive in intro- 
ducing it is to convince you that the physicist, in spite of all 
he knows, or thinks he knows, is a fairly modest fellow, because 
there are some things he knows he doesn't know, and one at 
present is the nature of radiation. However, we know some 
things about it that are new. For example, it is an extraor- 
dinarily interesting fact that when light of the X-ray type, or 
indeed, light of any frequency falls upon say a lithium or sodium 
surface, or upon almost any surface, it has the property in some 
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way of taking hold of a negative electron in the atoms of that 
surface and of hurling that electron out with a perfectly de- 
finite speed, which we can measure, and which we find to be 
exactly proportiona' to the frequency of the light. That is an 
extraordinary phenomenon, and it is.one that we explain on a 
. kind of quantum theory which I will not attempt to go into here, 
because of the fact that we have not yet worked it out fully, 
so that I cannot give you anything very definite about it; but 
at any rate, the quantum constant comes out of the photo- 
electric effect, as shown in my own work, out of X-ray work as 
discovered by Duane and Hunt at Harvard, and out of spectro- 
scope work, as shown by Bohr in the beautiful theory of the 
atom which he has developed within the last three or four years. 

I think I have brought you in this brief survey to the very 
outmost boundaries of our present knowledge. Bring me back 
ten years from now, and we will know more about these quantum 
theories; but for the present I will stop, and close this hasty 
survey of the problems and successes of modern physics with a 
few reflections which are based upon historical studies. | 

At the University of Chicago I have a friend by the name of 
Braested, who is ап Egyptologist. Braested tells me that he 
and his fellow Egyptologists have proof that less than 100 years 
elapsed from the time when, about five thousand years ago, the 
 Egyptians knew so little about building that the best they 
could do was to pile crude rows of uncut stone around their 
dead, to the time when some of the great pyramids were built, 
structures which represent in some ways the height of the 
builder’s art, structures on which the surfacing is so perfect 
that huge granite blocks eighteen feet on a side are joined to- 
gether without cement and with not as much 1/100 of aninch 
of space anywhere between them. That kind of engineering we 
do not do now, luckily we do not have to do it, but it is doubtful 
if we could do it if we would. І am mentioning this to bring 
out the fact that Egypt, at that time, got the key to a certain 
kind of development, and pushed that development to а mar- 
velous degree of perfection. Indeed there was іп that century, 
so Professor Braested says, an industrial progress which has 
never been equalled at any time in the world's history until 
within the last one hundred years, when the modern industrial 
revolution set in. 

Go now to Greek history, and we find the same sort of a 
situation. About 500 B. C. the Greeks got the key to a certain 
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type of progress, and they developed a civilization which on the 
intellectual side, and on the artistic and aesthetic side, has 
never been equalled. Тһе Greeks, like the Egyptians, got the 
key to a certain kind of civilization and they worked it out to 
marvelous perfection; but in neither case did these men or these 
races go on; they did not open up new fields; they did not tap 
new mines. Their civilization came to an apex, and then de- 
cayed, and the question has often arisen in your minds, as it 
has 1n mine, is this age in which we are living going to follow in 
the same way? Have we risen to a maximum? Have we had 
a period of marvelous development which is going to be followed 
by one of decay and stagnation, or are we going to ascend to 
higher and higher levels? No man can answer that question, 
but this I know and this you know, that it was wholly unneces- 
sary that Greek civilization, or that Egyptian civilization should 
stop when it did. If they had developed the modern scientific 
spirit, the spirit of search for new phenomena and new methods, 
they could have found them. There were plenty of new mines for 
them to tap, plenty of unexplored fields to search out. But 
they did not do it. As for us I feel just as sure as Shakespeare 
did that *there are still more things in heaven and earth than 
are dreamed of in our philosophy," and if we stop, it will be 
because we have forgotten the lesson which Gallileo first tried 
to teach, and which we have been learning in the last one hundred 
years, and that is the lesson of research. It is the lesson, the 
philosophy, the method and the faith of modern physics. That 
is our hope, and if we keep that, if we don't call in our scouts 
because the rewards are larger in the applications, then I haven't 
any doubt that our civilization will go on; and if we do call in 
our scouts here in this country, then our civilization will give 
place to that of some other country which does not do so, but 
which learns the value for the human race of the spirit of modern 
scientific research. 
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DESIGN CONSTRUCTION AND TESTS OF AN ARTIFICIAL 
POWER TRANSMISSION LINE FOR THE TELLURIDE 
POWER COMPANY OF PROVO, UTAH 


BY GEORGE H. GRAY 


ABSTRACT OF PAPER 


A description is given of an artificial power-transmission 
line which duplicates, in considerable detail, an actual trans- 
mission system. Each unit of the artificial line represents 
about ten miles of the actual line. 

Methods are given of calculating the correct distribution of 
inductance between self and mutual, and of calculating the 
correct distribution of capacity between wire and wire, and wire 
and ground. 

It is shown that this artificial system will duplicate very 
closely, even under extreme conditions of short circuits and 
grounds, many of the phenomena occurring on the actual system. 

A description is given of some oscillographic tests, made on 
this line, of the magnitudes and phase relations of current and 
voltage at different points, when the line was subjected to various 
types of short circuits and grounds. 

The data are presented in the form of vector diagrams; one for 
each point of the line where readings were taken. Іп addition 
to the diagrams, arrow-headed lines are shown at each station. 
These indicate the magnitudes and directions of power flow for 
each phase (as shown by star-connected wattmeters) and the 
total power flow. 

It is shown that the total power flow 1$ not always toward the 
short circuit (or ground). Hence, two-wattmeter principle 
relays will not always indicate toward the short circuit (or 
ground) and may sometimes operate the wrong switch. 

With a three-phase short circuit the direction of power flow 
for each phase, and consequently the direction of total power 
flow, is always toward the short circuit. 

With a two-wire short circuit, if the phase rotation is 4 — B — 
C, and the short circuit is between wires B and C the power flow 
indication of the B phase wattmeter is, at all stations, toward 
theshort circuit. Тһе wattmeters for the other phases may irtdi- 
cate away from the short circuit. 

A ground on a single wire does not appreciably alter the 
power flow indication of any of the wattmeters, if the neutral is 
ungrounded. 

If the neutral is grounded, the power flow indication for the 
grounded phase is toward the ground at all points. 

If two wires are grounded at the same time, with the neutral 
grounded, the power flow indications are practically the same as 
for the two-wire short circuit. 


INTRODUCTION 


There are three ways in which an experimental study of prob- 
lems connected with power transmission systems may be made: 
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first, by using the actual system; second, using an experimental 
line; and third, using an artificial line. Ву an “expermental 
line" is meant a short length of line of the same type of con- 
struction as the actual system. Ву an "artificial line" is meant 
one in which the constants of the actual system are obtained by 
means of inductances, resistances and condensers, usually lumped 
at frequent intervals. 

The actual system would appear at first glance, to be the best 
place to conduct experiments, but it has certain disadvantages. 
In most cases it must be out of commercial service while the 
tests are being conducted; it is almost impossible to make simul- 
taneous observations at different parts of the system: in case 
anything goes wrong there is a chance that expensive apparatus 
may be damaged; and lastly, there is always the possibility that 
a switch which 1$ supposed to be closed may be open, and vice 
versa. 

An experimental line is useful for studying the behavior of 
insulators, corona losses and similar problems, but is of no value 
for studying surges, voltage drop, or any problem which requires 
a long line. 

The artificial line, however, has none of these drawbacks, and 
for most purposes seems to be the best of the three. Its greatest 
disadvantage is that, in order not to expend any great amount 
of power in the line, the voltage must be kept low. This elimi- 
nates the studying of such problems as corona losses, disturbances 
resulting from arc characteristics, etc. Тһе following tables 
show the relations existing between the different quantities when 
а 40 kilovolt system is represented by an artificial system oper- 
ating at 1000 volts: 


Kilovolts Amperes Kilowatts 
Actual........... 40 _ 100 20,000 
Artificial......... 1 2.5 12.5 


Because of their many advantages, several artificial systems 
have been constructed during the last few years. Most of them, 
however, have been built by engineering schools which, naturally, 
have not been interested in duplicating any particular system. 
Each artificial line, therefore, has been uniform throughout its 
entire length and has been built to represent a single line (or 
two parallel lines) of some standard type of construction. 

The line described here is of a different character, and is, it 
Is believed, the only artificial system which duplicates the whole, 
or the greater part of, an actual system. The line was built 
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about six years ago by the Telluride Power Company (now a 
part of the Utah Power & Light Co.); a hydroelectric concern 
which operated, at that time (besides other divisions), about 500 
miles of 44-kv. transmission line in northern Utah. This whole 
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Utah division, with the exception’ofjone unimportant loop, was 
duplicated in the artificial system. 

The artificial line was originally planned in 1908 by Mr. 
Edward Bennett (now Professor of Electrical Engineering in the 
University of Wisconsin). His original plans and computations 
were used later by Mr. L. N. Crichton and the author, who took 
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up the work and completed the line during 1911, after making 
quite extensive additions to the plans. . 

The line was built mainly with the idea of using it to study the 
operation of some sectionalizing relays which were being develop- 
ed by the company. These tests, however, are the subject of 
another paper being prepared by Mr. Crichton, and hence will 
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not be treated here. Only the details of the line and some tests 
in which the relays were not used will be discussed. 

The general layout of the Utah division of the Telluride Power 
Company in 1911 is shown by Fig. 1. The total generating 
capacity was a little under 24,000 kw., most of which was at 
the two ends of the system (11,000 kw. at Grace and 7,200 kw. 
at Olmsted). The load averaged about 14,000 kw. The total 
length of the lines was a little over 500 miles, covering about 340 
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miles of right of way. About 410 of the 500 miles were repre- 
sented in the artificial system. 

In Fig. 1 the duplicated part of the system 1s shown іп full 
lines and the balance in dotted lines. Тһе duplicated part, as 
will be seen, consisted of the Grace and Olmsted power stations, 
the parallel trunks from Grace to Olmsted through Salt Lake 
City (about 160 miles), the loop from Jordan Narrows through 
Bingham and Garfield to Salt Lake City (double except between 
Bingham and Garfield), the substations at Bingham and Gar- 
field and the connection with the Utah Light & Railway Company 
at Salt Lake City. "The lengths of the lines, the size and spacing 
of conductors, and other such data are given in Table I. Fig. 
2 shows the different types of line construction. 


DESIGN AND CONSTRUCTION 
TRANSMISSION LINE 


The features of the transmission line which must be dupli- 
cated or approximated are: 

Distributed inductance and capacity. 

Leakage currents. 

. Electromagnetic coupling of phases. 

Electrostatic coupling of phases. 

Resistance of line conductors. 

Distributed Inductance and Capacity. Тһе most feasible way 
in which the large inductance and capacity of the transmission 
line may be obtained within the limits of an ordinary room is by 
the use of coils of wire and plate condensers. This, of course, 
does not result in distributed constants, but it has been shown 
that, for the frequencies used for the transmission of power and 
for the harmonics ordinarily encountered with those frequencies, 
an artificial line constructed with the capacities lumped at fre- 
quent intervals represents, to a very close degree of approxima- 
tion, the actual line. 

For example, if the spacing is such that there are ten conden- 
sers per wave length, most of the phenomena will be duplicated 
within 1 per cent. Since the ordinary 60-cycle power-trans- 
mission line has a wave length of about 3000 miles miles, a spac- 
ing of 300 miles is allowable. Even for the ninth harmonic the 
spacing may be as great as 33 miles without serious error. Ав 
this artificial line was composed of units, each representing only 
about ten miles of transmission line, errors due to lumping may 
be considered negligible. 
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Each unit consisted of three air-core inductance coils, electro- 
magnetically interlinked, to represent inductive effects, with 
condensers connected between the coils, and also between each 
coil and ground, to represent capacity effects. In addition, 
resistance wire was used in series with each coil to represent the 
line resistance. 

Leakage Currents. The resistance between each line wire and 
ground on the actual system was found to be of the order of 300 
megohms per mile under average conditions. On a 40-kv. 
system, 500 miles long, having a peak load of 14,000 kw. and cur- 
rent per wire of 250 amperes, this means a total leakage current 
of only 0.038 amperes per wire, and a total watt expenditure of 
only about three kilowatts. These are negligible quantities and 
no attempt was made to approximate them on the artificial 
system. The resistance of the condensers from line to ground 
was about 300 megohms per ten-mile unit, or 3000 megohms 
per mile, when cold. 

Electromagnetic Coupling of Phases. When the three con- 
ductors of a three-phase line are arranged at the vertices of an 
equilateral triangle, and the currents in the three phases are 
balanced, the sum of the currents in any two wires is equal to 
the current in the third wire, and flows in the opposite direction. 
Therefore, the only magnetic flux which is effective in producing 
the inductance of any wire is the flux due to the current in that 
wire and which lies between it and the other two wires. This 
flux, in absolute units, is 


211 (2 4 = 1) (1) 


іп which / = length of wire іп centimeters. 
d = distance between conductors. 
r = radius of conductor. 
= current in absolute units. 


The usual practise in line calculations is to consider this 
magnetic flux as causing the self inductance of the wire, thus 
eliminating the mutual inductance between wires or phases, 
from the calculations; іп which case the self-inductance of each 
wire, to neutral, is 


L=2 A (loz. 4 = 1) (2) 
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If the system were always balanced, it would be satisfactory 
to represent the three line wires in the artificial system by 
three separate coils, each having a self-inductance as determined 
above and arranged so as to have no mutual effects upon each 
other. It is evident, however, that such an artificial line would 
fail to represent unbalanced conditions. For instance, if the 
artificial system were operated with grounded neutrals and a heavy 
short circuit should occur between one wire and neutral, it would 
have no effect upon the voltage between the other wires and 
neutral; whereas, owing to the mutual inductance between con- 
ductors on the actual system, this voltage should be affected. 

It seemed advisable, therefore, to use coils having the correct 
inductance to represent the self-inductance of the wires, and to 
arrange these coils so that the correct mutual effects would be 
obtained between them. This necessitated the determination of 
the actual distribution of self and mutual inductance. 

A method of doing this, which seemed at first to have some 
merit, was to use the formula* for the self-inductance of a single 
straight conductor. This formula is 


L, = 21 (а Е 5) (3) 


The corresponding formula for mutual inductance is 
NES 21 (оғ4 7 = 1) (4) 


where l, d and r have the same significance as in formula (1). 
However, in the derivation of formula (4) all of the flux, due to 
wire 1, between d and infinity, 1s considered to be effective in 
producing the mutual inductance; while, in the actual system, 
in a case like the one cited above (with the grounded wire) 
only the flux between d and the path of the current in the ground 
would be effective. Another objection to this method was that 
a large amount of copper would be required to produce the large 
self-inductance. Аз mutual inductive effects were to play, at 
most, only a small part in the operation of the line, it did not seem 
wise to go to this extra expenditure for copper. 

Hence it was decided to approximate, as closely as possible, the 


*See Bulletin of the Bureau of Standards, Vol. IV, page 301. “Тһе 
Self and Mutual Inductances of Linear Conductors," by E. B. Rosa. 
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distance from the wire to the path of the return current in the 
ground. Тһе accurate calculation of this distance was an almost 
impossible problem because of the unknown and variable re- 
sistances of the different layers of soil. Fifty feet was finally 
selected as this distance, and all of the calculations of self- 
inductance and mutual inductance were made on the assump- 
tion that the three wires had a common return, located fifty feet 
from the conductors. 

The self-inductance of each wire was then found from the 
formula 


Г. = 21 (tog, 99 +2) 


and the mutual inductance from: 


Із 91 (les. xx 


d 


The values given by these three methods for ten mile sections 
(the average length of the sections used) of No. 2 solid copper, 
spaced nine feet on a side, are given in the following table. 


Inductance of 10 miles. 
(10-2 henrys) 


Ls Гм Ls x Гм 
Neglecting mutual inductance.. 2.25 0.00 2.25 
Return at infinite distance..... 4.95 2.70 2.25 
Return 50 feet from wires. ..... 2.80 0.55 2.25 


The resulting inductance for balanced conditions is seen to be 
the same, regardless of the method used, but the other values 
vary widely in the different methods. Тһе first and second 
methods may be considered as setting lower and upper limits, 
respectively, for the self and mutual inductances. Тһе true 
values lie somewhere between and probably not very far from 
those given by the third method. 

Reducing these formulas (assuming the return 50 feet away) 
to practical units, we obtain, (for the inductance of each wire 
to neutral) 


Ls = 0.322 X 10- (2.303 logio 90х14 + 1) henrys per mile. 


and 


Lu = 0.742 X 10 logi 20 > E 


henrvs per mile. 
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From these formulas the self and mutual inductances were 
calculated for each different type of construction. These values 
are given in Table I, in the column headed “Constants per Mile, 
Calculated”. 

In calculating the inductance and capacity for the stranded 
wires, a value midway between the diameter of the stranded 
wire and that of a solid wire having the same cross section was 
used for the diameter. This is the value given in Table I in 
the column headed “Equivalent Diameter”. 

The line was divided into sections, each approximately ten 
miles in length. The values for the self and mutual inductances 
of each of these sections are given in Table I, under the heading 
“Constants per Section”. 

In proportioning the coils, Stefen's Formula* for the self- 
inductance of coils was used, and the measured values of the 
self-inductance were found to agree with the computed values 
to about one half of one per cent. 

The coils were made about six inches in mean diameter, and 
were wound with No. 17 double-cotton-covered copper wire. 
The number of turns varied from 360 to 435. А further means of 
adjustment was provided by bringing out several taps on each 
coil. The coils were wrapped with one layer of half-lap lin-o- 
tape, but were not shellacked. 

The three coils to represent one section were then mounted in 
a wooden frame, as shown in Figs. 5 and 6. "The correct self- 
inductance was obtained bv means of the taps referred to. 
The correct mutual inductance between “side wires” was obtained 
by adjusting the coils in the horizontal slots; and that between 
the “center wire" and the “side wire" by adjusting the center 
coil in the vertical slot. 

The range of inductance is illustrated by the values given in 
Table II for a few of the coils. 

Tests showed that the coils could carry 2.2 amperes continu- 
ously with a 40 degree rise, and that 3.5 amperes could be 
carried for 15 minutes without dangerous heating. This cur- 
rent (3.5 amperes), at 1000 volts, corresponds to a current on 
the 44-kv. system of 154 amperes, which was never exceeded for 
any length of time. 

Electrostatic Coupling of Phases. Тһе опу arrangement 

*Bulletin of the Bureau of Standards, Vol. 5 No. 1. ' Formulas and 


Tables for the Calculation of Mutual and Self Inductances of Coils” 
by Rosa and Cohn. 
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which will exactly represent, under all conditions, the capacity 
effects between the wires of a transmission system and ground, 
is the exact geometrical equivalent, on a small scale, of the line 
and earth immersed in a dielectric of very high inductive ca- 
pacity. То keep such a line down to a reasonable length, a di- 
electric would be needed having a specific inductive capacity of 
5000 or more. Мо such dielectric exists, so an arrangement was 
adopted in which properly proportioned plate condensers were 
connected between the conductors, and between conductors and 


TABLE II. 

Coil data. Inductance in 107? henries. 
Inst. No. | Coil No. Їл L: Ls L4 Ls Le R« 
15 2.57 2.61 2.66 2.71 2.78 2.83 3.04 
53 44 2.57 2.61 2.66 2.71 2.78 2.83 3.13 
61 2.56 2.61 2.66 2:11 2.78 2.83 3.14 
47 56 2.60 2.65 2.70 2.76 2.84 3.06 
54 65 2.58 2.61 2.66 2.70 2.76 2.83 3.19 
64 2.56 2.60 2.65 2.70 2.76 2.84 3.18 


ground, as shown in Fig. 3A. This arrangement, as will be seen 
later, approximates very closely the true distribution of capacity. 
The capacities of these condensers were calcu. 


lated as follows: | ; 
Since the earth may be treated as an infinite Pore 
W 


equipotential plane, the actual transmission 
system (consisting of the earth's surface, con- 
ductors and ground wires) is the exact duplicate of the upper 
half of the electrical distribution which would be found between 
the actual conductors, with their charges, and the images of 
those charges with reference to the earth's surface. 


Fic ЗА 
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Replacing the equipotential plane, then, by the images of the 
conductors and their charges, the potential above ground of 
any wire (say No. 1) is found to be 


D D D 
Vi22dgilog. zm + 243 log. P + 293 log. “22 Ч ...... 


in which there is one term for each wire. 41, q2, q3, etc. repre- 
sent the quantities per unit length on the various conductors. 
rı is the radius of wire No. 1. D, De, D3, etc. are the distances 
from conductor No. 1 to the images, and dı, de, dz, etc. are the 
distances from No. 1 to the other conductors. (For the de- 
rivation of this formula, see Appendix A). 

By obtaining as many of these equations as there are unknown 
quantities 4, solving for the q's, the quantity 4 on any соп- 
ductor (and its phase relation) can finally be expressed in terms 
of the potentials of the conductors. 

These calculations were made for wires No. 1 and No. 2, with 
the system ungrounded and for wire No. 1 with the center wire 
grounded,assuming the voltages to remain balanced in both cases. 

Letting x, y, z and w represent the values of the capacities 
(connected as shown in Fig. ЗА) the displacements CV across 
the three condensers connected to one wire were added (vec- 
torially) and the sum put equal to the quantity qı ог q» found by 
calculation for that wire. From these equations the values for 
the condensers x, у, z, and 10 were easily found. 

These condenser values were calculated for each different type 
of construction, and are given in Table I, under the heading 
“Constants per Mile, Calculated". The complete set of calcu- 
lations for one type 1$ given in Appendix B. 

The following values are taken from the calcdlations in Ap- 
pendix B. They represent, in 10-8 coulombs, the quantities 
on the different conductors per mile; assuming that the voltages 
to ground are: A sin a, А sin (a — 120 deg), and А sin 
(a — 240 deg.), for the three conductors. 


Left 1.339 A sin (м + 0.55 deg.) 
Center 1.816 A sin (œ — 120 deg.) 
Right > 1.339 А sin (a — 240.55 deg.) 


Since the potential of the left conductor to ground is А sin а 
and that of the center conductor А sin (о — 120 deg.), the 
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capacities of these conductors are seen to be 1.339 and 1 316 
| 


а 
2 loc, — 
7 


X 10$ farads per mile. Тһе usual formula, С = 


gives the capacity as 1.329 X 10-8 farads per mile. ` This is 
between the true values given above. (1.339 and 1.316), аг is 
very nearly equal to the average of the capacities of the ї ire 
conductors. 

How closely this artificial arrangement approximates ше 
actual conditions is seen by considering several extreme cases. 
For example, if both outside conductors are earthed, the capacity 
of the center conductor to earth is 1.112 X 10-8 farads. -In the 
artificial system it is 1.112 X 10-8. If all three conductors are 
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Fic. 3— CONSTRUCTION OF CONDENSERS X, 21, 2», W, Ү,, Ys CONNECTED 
AS SHOWN TO LEFT— /] AND g REPRESENT EXTRA PLATES USED IN 
ADJUSTING 


connected together, their capacity to earth is 2.209 X 10-8 far- 
ads. In the artificial system it is 2.204 х 10-*. Тһе capacity 
of the right conductor to earth, the other two being insulated, is 
1.058. Theartificial system gives 1.059. Forthecenter conduc- 
tor the values are 1.023 and 1.024. 

Тһе condensers consisted of lead foil plates, separated by three 
thicknesses of ordinary letter paper (Colorado Bond.) Extra 
sheets were added between the different groups and а $ in. pine 
board was used between the line-to-line and the line-to-ground 
groups. 

The plates were of 0.0015-in. lead foil, each 4 in. by 8 in., with 
a tab for connecting alternate plates together. A few plates 
were left unconnected at the end of each group, to be used in 
adjusting the condenser to the correct value. 
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Each condenser was tested at 2000 volts for one minute. 
They will operate continuously at 1000 volts, 60 cycles, without 
dangerous heating. | 

Fig. 3 shows, diagrammatically, the construction of the con- 
densers. 

The capacity of each group of plates and the possible adjust- 


TABLE III. 
Condenser data. Capacities in 10-8 farads 

Cond. No. 56 57 58 59 60 
With stand | 

number. 36 27 52 26 40 
Zi 8.01 6.66 6.76 7.09 7.86 
21 +g 8.01 6.88 6.76 7.37 8. 10 
21 +g +1 8.68 7.11 7.36 7.57 8.34 
26-41 8.33 6.66 6.91 7.09 1.86 
X 7.85 6.55 6.34 6.41 7.12 
X +8 7.85 6.55 6.34 6.41 7.27 
X +ё +1 8.55 7.05 6.91 6. 98 7.93 
X +1 8.29 6.90 6.71 6.80 7.21 
2: 8.68 6.78 6.71 6.80 7.65 
Z: + 8.68 7.02 7.06 7.09 7.86 
Z: +g +1 9.30 7.29 7.30 7.34 8.08 
2: +1 9.01 6.78 6.71 6.80 7.65 
Yı 1.84 1.84 1.83 1.98 1.89 
У, +z 1.95 1.84 1.83 1.98 1.97 
Yi +g +1 2.19 2.30 2.31 2.52 2.21 
Yi +1 1.84 2.10 2.04 2.28 1.89 
F: 2.15 1.84 1.89 2.02 1.82 
Y: +g 2.25 2.07 2.14 2.32 1.92 
Y: +g +1 2.62 2.22 2.28 2.43 2.14 
Y: +1 2.36 1.84 1.89 2.02 1.82 
W 0.62 1.67 1.89 1.74 0.60 
И + ‚ 0.86 1.89 1.89 1.74 0.81 
W+et+l 1.08 2.07 2.45 2.28 1.04 
W+1 0.62 1.67 2.18 2.02 0.60 


ment obtainable with the extra end plates, is shown bv Table 
III for a few of the condenser units. 

Resistance of Line Conductors. Тһе resistance of the induc- 
tance coils was approximately three ohms, or 0.3 ohm per mile. 
Therefore, by connecting an additional resistance in series with 
the coils, any conductor up to, and including number 000 copper 
could be represented. This was larger than anv in use on the 
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system. These external resistances were made of such a value 
that the combined resistance of the coil and external resistance, 
when carrying normal current, was equal to the resistance of the 
corresponding section of the actual line at the average temper- 
ture, 20 deg. cent. 

The external resistances were of No. 18 Nichrome wire, 
wound in the form of spiral springs about $ in. in diameter. 
Each coil was connected between a binding post of the coil- 
stands and the correct tap of an inductance coil, as shown in 
Fig. 5. | | | 

These coils, or ''spirals," were found to have only a very small 
inductance, (less than the difference between adjacent taps of 
the coils) so that their effect on the inductance was negligible. 

The resistances of the inductance coils shown in Table II are 
given in the column headed №. These аге the total resistances, 
at 20 deg. cent, not the resistance of the particular tap which was 
used. Table I, column headed ‘‘External Resistance, (Арргох.)” 
shows approximately the amount of resistance required per line 
wire per section. Thisisonly an average value, since the resistance 
of the different coils in the same section was found to be different. 

Assembly of Line. Fig. 5 shows the method of assembling the 
units. The condensers were tapped in between the resistance and 
the inductance of each unit, and placed to one side of the coil- 
stands. 

Tests were made to determine the mutual inductance between 
units, and also the effect on the inductance of the iron straps 
with which the condensers were bound. Both of these were 
found to be negligible. 

The boards shown between tiers were inserted in order to 
facilitate the removal of any unit for repairs or alterations. 


TRANSFORMERS 


The artificial system was operated at about 1000 volts from 
the 230-volt, three-phase, 60-cycle, laboratory mains, by means 
of two banks of step-up transformers; one connected to the 
Grace and the other to the Olmsted station of the artificial sys- 
tem. Step-down transformers were used at the three substations 
and at the Salt Lake station two V-connected potential trans- 
formers were also used. 

_ The actual transformers were connected A-Y at Grace and Salt 
Lake and А-А at Olmsted. As only one three-phase source was 
available for the artificial system, these two different connections 
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could not be used. Тһе Olmsted transformers were, therefore, 
connected A-Y, to correspond with the connections at the other 
two stations. Taps were provided at the proper points on the 
high-tension side to adapt them to A-A operation, in case a 
second supply should become available. Additional taps were 
provided on the low-tension side of all transformers. 

Two series transformers were used in the lines of the artificial 
svstem at each of the three substations, to supplv current to the 
relavs. 


GENERATORS 


The generators were, as stated before, the supply mains of the 
laboratory. It was thought advisable, however, to provide а 
gradual decrease in the short-circuit current, similar to that 
brought about in the actual svstem Бу the demagnetizing action 
of the short-circuit currents on the generator fields. То accom- 
plish this, the "artificial generators" shown in Fig. 5 were con- 
structed, and connected to the svstem at Grace and Olmsted 
and at the Salt Lake substation. Each generator consisted of 
three coils, one in series with each line-wire. An iron core was 
held bv a spring above each coil and with its end just entering 
the coil. When the line current became excessive, the core was 
pulled into the coil, thus considerably decreasing the current. 
The desired rate of decrease was obtained bv means of the 
dashpots shown. When the disturbance was removed the core 
returned automaticallv to its former position. 


Loap 


The loads at Bingham and Garfield were taken care of by the 
shop motors in combination with some carbon lamps. A power 
factor and load at each place equivalent to those on the actual 
system could thus be obtained. 

The situation at the Salt Lake substation was rather peculiar. 
The Utah Light and Railway Company bought considerable 
power at that point, but also ran their generators in parallel with 
those of the Telluride system. Thus, under short-circuit condi- 
tions, power would sometimes flow back into the system. This 
situation was met in the artificial svstem by raising the voltage 
on the low-tension side of the Salt Lake transtormers and con- 
necting them to the supply mains. Thus power was made to 
circulate around the svstem, coming in at the Grace and Olmsted 
stations and flowing out at Salt Lake. Wattmeter measurements 
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made during one of the tests showed a load of 2.1 kw. at Salt 
Lake with only 0.3 kw. coming from the laboratory mains. Of 
course, with a short circuit near the substation, the direction of 
power flow was reversed. 


SWITCHBOARD 


The artificial system was controlled almost entirely by means 
of the switchboard shown in Figs. 4 and 5. On the front of this 
board was painted a map of the system, giving thelocation of 
each switch, power station, substation, etc. Тһе high-tension 
windings of the transformers and the ends of the transmission 
line sections were brought to their proper places on the back of 
this board, terminating in small, spring clips. The switches were 
of the plug type and consisted of wooden blocks with three spikes 
driven into each. By inserting these from the front of the board 
the desired clips could be connected together behind the board. 
АП high tension was thus kept behind the board, which made the 
operation of the line much safer. A hole drilled into each spike, 
where it entered the wooden block made possible the insertion 
of plugs (attached to lamp cord) for obtaining the voltage at 
any desired point. To obtain the current, plugs with split tips 
were used. Thus, instead of passing directly from clip to clip 


through the plug the current could be led out through an 


ammeter and back to the other side of the plug tip. The same 
two types of plugs were used for obtaining current and voltage for 
oscillograph work. Shelves, as shown in Fig. 4, could be readily 
‚ attached to the board, for holding meters or other apparatus. 

Al of the wiring behind the board was done with No. 19 
three-conductor telephone wire, having red, yellow, and green 
tracers. As the corresponding wires on the front of the board 
were painted the same colors, any trouble could be traced very 
easily. | 

The neutrals of all of the condensers were connected together, 
and used as the ground of the system. 

Pilot lamps and ammeters were placed in the low-tension side 
at each station, to indicate, roughly, the load and voltage con- 
ditions. | | 

In Fig. 4 a three-pole switch, with three braided leads attached, 
is shown to the right and above the Salt. Lake substation. By 
connecting either two or three of these leads to any desired 
point, and closing the switch, a single or three phase short cir- 
cuit could be thrown on the system at that point. . 
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А ground could be studied by means of the grounding device 
shown below the short-circuiting switch. This consisted of 


three carbon arcs, the front carbons of each being connected to . 


ground (the condenser neutrals), and the back, by means of 
lamp cord and a plug, to any wire at the point where it was de- 
sired to have a ground. Either a solid or an arcing ground could 
thus be represented, and the character of the arc could be 
varied by changing its length or by using different electrode 
materials. 

The switches at Bingham, Garfield, and Salt Lake were made 
automatic and were worked from the relays, previously referred 
to, by means of a trigger and spring. 


TESTS ON ARTIFICIAL LINE 


DESCRIPTION OF TESTS 


On a power-transmission system where each line is a unit in 
itself, simple overload relays are, in general, satisfactory for 
tripping off grounded or short-circuited lines. If the lines are 
interconnected, however, as in a network, some other device 
must be employed in order that only the section upon which the 
trouble is located may be disconnected. For this purpose some 
form of differentially selective relay is generally used. All such 
relays depend, for their action, upon conditions in the power 
lines, which show the direction, and in some cases the approxi- 
mate location, of the disturbance. 

Probably the most common form of differentially selective 
relay is the wattmeter relay. This is provided with two current 
and two potential coils, and is connected to the circuit according 
to the well known “two-wattmeter method” for measuring 
power. Two wattmeters, it can be shown, will correctly measure 
the total amount of power flowing in a three-wire circuit and 
will also indicate the direction in which that power is flowing. 
Hence, if a '"two-wattmeter relay” is properly connected to а 
circuit its moving element should swing in one direction or the 
Other according to the direction in which power is flowing in 
that circuit. 

It is generally assumed that, with a short circuit in a given 
section of a network, power is flowing toward the short circuit 
from both ends of that section. Therefore two-wattmeter 
relays located at the ends of the section should indicate toward 
the short circuit, and if combined with suitable overload devices' 
should disconnect that section of line. 
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A little consideration will show, however, that it might be 
possible for the short-circuit power passing a given point toward 
a single-phase short circuit to be less than the load power 
flowing in the other direction, over the other two phases. Under 
these conditions a two-wattmeter relay placed at that point 
would indicate away from the short circuit and, if it operated 
at all, would operate the wrong switch. 

This is something which has frequently happened in practise, 
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and it was also verified by preliminary tests upon the artificial 
line. It seemed desirable, therefore, to determine the actual 
phase relations and magnitudes of the currents and voltages at 
several points along a line, under different conditions of short 
circuits and grounds, in the hope that such tests would bring 
out a method of connecting relays so that they would in all cases 
indicate toward the disturbance. 

For such tests the artificial line, combined with an oscillograph, 
was admirably suited, as simultaneous observations could 
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readily be made at any stations desired. To simplify matters, 
only a part of the artificial line was used, connected as shown in 
Fig.7. For all of the tests power was supplied through the Grace 
transformers and the two lines between Grace and Salt Lake were 
used, paralled at both ends. The load was in all cases assumed 
to be at Salt Lake. When the Bingham and Garfield trans- . 
formers were used, the line losses between Salt Lake and these 
stations were treated as part of the load. Тһе load consisted 
of incandescent lamps combined with the shop motors, running 
idle, to give a lagging power factor. Attempts to use the motors 
alone did not work well for it was found impossible to load them 
with brakes and keep the load steady. In some of the tests, two 
banks of transformers were used: one carrying load and the 
other unloaded. Тһе ground or short circuit (indicated by the 
cross on Fig. 7) was put on the East line at Farmington, 1n such 
a position that the currents could be obtained, at Farmington, 
on both sides of the trouble. 

In what follows “ground” always refers to the midpoints of 
the condensers (all of which were connected together), and 
"neutral" to the midpoint of the star-connected transformers. 
The stations where the measurements were taken will hereafter 
be designated by giving their distance, tn miles, from the gen- 
erator end of the line, instead of bv the actual name of the 
station. Thus Grace, the generating station, is called Station O, 
Farmington, which is 113 miles from Grace, 15 called Station 113, 
etc. This gives more meaning to the relative magnitudes of the 
current and voltage vectors at different points. 

The phase relations between the currents and the voltages 
at a station were determined at a number of points for six 
different conditions of the line, namely: normal condition, three- 
wire short circuit, two-wire short circuit, ground on one wire 
with neutral of transformers ungrounded, ground on one wire 
with neutral grounded, and grounds on two wires with neutral 
grounded. Using the current and voltage plugs, previously 
described, oscillograms of the three currents and the three volt- 
ages to ground (the midpoint of the condensers) were obtained 
at each station desired. Measurements on these gave the mag- 
nitudes and phase relations of the three currents and voltages at 
that station. The vector representing the voltage between the 
А wire and ground at Station О was then taken as the reference 
vector. By taking additional oscillograms showing this voltage 
and one of the currents and voltages at another station, the lag 
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of any current or voltage behind the reference voltage was 
obtained. Тһе measurements were made in most cases on the 
second cycle after the short circuit or ground occurred. When 
only one or two voltage waves were being photographed, the 
other vibrator circuits were replaced by equal resistances. 


DISCUSSION or OSCILLOGRAMS 

Several typical oscillograms, taken during these tests, are 
shown and discussed. 

On most of these oscillograms the waves are shown for a few 
cycles of normal operation. Then the short circuit or ground 
occurs and the waves тау be seen changing to their final mag- 
nitudes and phases. At the instant the change takes place, the 
waves are very irregular. Thisis largely because of an uncertain 
contact in the short-circuiting or grounding switch at the moment 
of closing. As the transient effects were not being studied, no 
attempt was made to correct this. 

In all of these oscillograms time is increasing from left to right. 
Unless otherwise noted, the top wave shows the current, or volt- 
age, for the A phase, the center wave for the B phase, and the 
bottom wave for the C phase. It will be noted that the order in 
which the waves attain their peak values is top—center— 
bottom, making the phase rotation, A-B-C. In most cases the 
zero lines are also shown. | 

The lettering on each oscillogram shows the conditions under 
which it was taken so that it is necessary here merely to point 
out some of the interesting features. | 

The first five oscillograms, Figs. 8a, 8B, 8c, 8p and Sz, 
show conditions which exist when the B wire is grounded, with 
the neutral of the transformers ungrounded. | 

In Fig. 8A the voltages of the ungrounded wires are seen to 
rise almost to delta voltage, while the B voltage decreases very 
decidedly. This voltage does not fall to zero because of the drop 
in the wire between the point where the oscillogram was taken, 
and the point where the wire was grounded. (The voltages 
shown, it will be remembered, are those between each wire and 
the mid-points of the condensers; or those which would be 
obtained on an actual system between wires and ground). 
Fig. 8B shows a slight increase іп the magnitude of the current 
in the grounded wire, and а change in wave shape for all three 
currents. There is a very peculiar distortion in the waves the in- 
stant the ground occurs, and also a slight shift in phase. Fig. 
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8c shows much the same effects;as were brought out]in Fig. 8А. 
They are more pronounced, however, because this oscillogram 
was taken much nearer to the grounded point of the line. The 
comments given for Fig. 8в apply also to Figs. 8p and 8E. 

Figs. Ол, 9B, 9c, 9p and 9Е illustrate the grounding of 
the B and C wires when the neutral of the transformers is 
grounded. Fig. 9А shows the three voltages at а point near 
where the wires were grounded and Fig. 9 в shows the currents 
flowing out from the generating station over the East line, upon 
which the ground was placed. Both of these oscillograms show 
the effects which would be expected, and require no discussion. 
The middle wave on Fig. 9c shows the B current at Station 128, 
flowing to the motor load. At the instant the ground 1$ thrown 
on this is seen to shift in phase by about 180 degrees, due to the 
fact that the motor pumps power back into the line. Тһе 
current then slowly decreases in magnitude and changes in 
phase as the motor slows down. Тһе lower wave, (showing the 
current at the load end of the East line) also reverses, but this 1s 
because the current in that wire now flows toward the grounded 
point instead of toward the load. Тһе two lower waves on Fig. 
9p show the currents flowing in the neutrals at the generator 
and load. There is, of course, no current until the wires are 
grounded. 

Fig. 9E is а very interesting one. This shows the currents 
flowing to a bank of unloaded transfoZmers, connected star- 
delta. Before the wires are grounded the three currents are very 
small and differ in phase by 120 degrees. With the grounds on 
the system these currents all increase to about the same magni- 
tude and are all in phase with each other. The probable explana- 
tion of this 1s given later under the discussion of Fig. 16. 

Figs. 104, 10в, 10с and 10p show the current and voltage 
waves for a few cycles before and after a three-phase short 
circuit is thrown on the system. Бір. 10a shows the currents 
in the load end of the East line. When the short circuit occurs 
the direction of power flow is reversed: becoming toward the 
short circuit. Hence, the direction of current flow reverses and 
the currents are seen to change in phase by approximately 
180 degrees. Fig. 10в shows the currents taken by the motor 
load. These reverse because of the pumping-back action of the 
motor, and then decrease toward zero as the motor slows down. 
Fig. 10с shows the voltage waves at three different points оп 
the system. The magnitudes of the waves are roughly propor- 
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tional to the distances from the short circuit. The center and 
bottom waves of Fig. 10p show the current at the generator end 
of the East and West lines, respectively. 


DESCRIPTION OF FIGURES 


Figs. 11, 12, 13, 15, 16 and 17 were drawn from measurements 
made on these oscillograms and on others not shown here. These 
figures show the magnitudes and phase relations of the currents 
and voltages at both ends of the line and at several intermediate 
points. 

In explanation of the figures, it may be said that the vectors 
are assumed to be rotating counter clockwise, or that the phase 
rotation is А-В-С. Тһе lines from С to the vertices of the 
triangles represent, in magnitude and phase, the peak voltages 
between each wire and ground; the sides of the triangles con- 
sequently represent the line voltages. Тһе peak currents іп the 
A, B and C wires are represented by the vectors marked Г), 
Ть, апа Іс respectively. At Station 113 (East Line) two diagrams 
are shown; one for the conditions on each side of the short circuit 
or ground. The diagrams marked ''Generator" were obtained 
by adding vectorially the currents for the two lines, as no oscillo- 
grams were taken at this point. In Figs. 15, 16 and 17 dotted 
lines are drawn from the vertices of the triangles to a point 
marked О. These lines are the medians of the triangles, and 
represent the voltages which would be impressed. оп three equal 
impedances connected in star between the wires, with the neutral 
free: such, for instance, as the potential coils of three star- 
connected wattmeters or relays. 

For Figs. 11, 12 and 13 (normal condition, three-wire and two- 
wire short circuits) these medians coincide with the vectors repre- 
senting the voltages to ground, since the latter are voltages 
impressed on three equal impedances connected in star. 

In all of the tests the voltages to ground were obtained from 
the oscillograms, and the voltages represented by the medians 
were used in computing the wattmeter readings, now to be 
discussed. 

The four straight lines shown at each station ‘between the 
diagrams for the East and West lines represent (to scale) 
the readings which would be given by three star-con- 
nected wattmeters at that point, and the sum of the three 
readings. These were obtained by multiplying each star (me- 
dian) voltage by the ''in phase" component of its corresponding 


GRAY: ARTIFICIAL TRANSMISSION LINE 735 


current. These computations are shown in Tables IV-IX, 
inclusive. Numerous small discrepancies appear in these data; 
such, for instance, as the generator wattage not being equal to 


CALCULATION OF WATTMETER READINGS FOR EACH STATION 


“Тһе column headed “Total Watts” shows the magnitude and direction of the flow of 
power at each station. (Power which flows from the generator to the load is assumed to 
be positive. Power flowing toward the generator is assumed to be negative.) , 

The column headed “Watts per Phase” shows the readings which would be given by 
three star-connected wattmeters having the neutral of the potential coils free. 


TABLE IV. 
Test No. 1. Normal condition. 


Peak current 


Line Peak ————————— [Watts | Total 
Station or Wire | Voltage “In phase” per | watts. 
switch Actual Component |phase. 
Generator A 931 2.05 2.00 931 
B 894 2.10 2.07 925 2840 
C 875 2.30 2.24 980 
0 West A 931 1.00 0.97 450 
B 894 1.05 1.03 460 1380 
C 875 1.10 1.07 469 
0 East A 931 1.05 1.03 480 
B 894 1.15 1.15 515 1500 
C 875 1.25 1.15 503 
113 West A 1.05 
B 1.10 
C 1.20 
113 East A 780 1.10 0.97 378 | 
. B 780 1.30 0.93 362 1080 
C 740 1.20 0.97 359 
128 West A 798 1.05 1.03 411 
B 780 1.10 1.03 401 1170 
C 740 1.20 0.97 359 
128 East A 798 1.10 0.95 379 
B 780 1.30 0.95 370 1130 
C 740 1.25 1.03 381 
128 Loaded A 798 1.85 1.79 715 
transformers B 780 2.05 1.90 741 2120 
C 740 2.00 1.79 661 
128 
Unloaded A 798 0.30 0.14 56 
transformers B 780 0.25 0.14 55 163 
C 740 0.30 0.14 52 


the sum of the wattages of the two lines. These discrepancies 
are easily explained, however, when it is recalled that the 
calibration of an oscillograph is, at best, somewhat doubtful; 
that the maximum deflection on the oscillograms rarely exceeded 
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one half of an inch; and that after the currents had been scaled 


and plotted, their “іп phase" components (often very small) 


had to be scaled again from the drawing. Hence a high degree 
of accuracy should not be expected. 


TABLE V. 
TEST NO. 2. THREE-WIRE SHORT CIRCUIT. 
| | Peak current 
Line Peak Watts 
Station or switch Wire Voltage per Total 
"In phase"| phase watts 
Actual |Component 
Generator A 780 9.55 5.66 2210 
B 770 10.95 6.14 2360 6450 
C 703 10.15 5.35 1880 
0 West A 780 4.15 2.55 995 
B 770 4.50 2.86 1100 2920 
C 703 4.20 2.34 825 
0 East A 780 5.50 3.04 1180 
B 770 6.40 3.31 1270 3530 
С 703 5.80 | 3.07 1080 
113 West A 171 4.20 2.83 242 
B 171 4.40 3.14 268 730 
C 171 4.25 2.59 221 
113 East A 
B 
C : 
128 West A 95 4.15 3.07 146 
B 95 4.40 3.51 167 450 
C 95 4.25 2.97 141 
128 East A 95 3.95 —2.69 —128 
B 95 4.50 —3.04 —144 —410 
C 95 4.00 —2.86 —136 
138 Loaded A 95 0.30 0.28 ` 13 
Transformers| B 95 0.30 0.28 13 40 
C 95 0.30 0.28 13 
DISCUSSION OF FIGURES 
Fig. 11. Normal Condition. This figure shows the relations 


existing in the line under normal operating conditions. The 
phases are slightly unbalanced here because of an unbalanced 
load which was connected to the laboratory mains. An interest- 
ing point to be noted in these diagrams is the increase in the 
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TABLE VI 
TEST NO. 3. TWO-WIRE SHORT CIRCUIT 


Peak current Watts 
Line or Peak ———————————| per Total 
Station switch Wire | voltage "In phase'"| phase watts 


Actual |Component 


Generator A 872 3.40 3.04 1326 
B 698 10.20 8.84 3080 4860 

C 829 8.85 1.10 456 

0 West A 872 . 1.64 1.48 646 
B 698 4.11 3.78 1320 2310 

C 829 3.61 0.82 340 

0 East A 872 1.64 1.38 600 
B 698 6.11 5.16 1800 2520 

C 829 5.30 0.28 116 | 

91 West A 741 1.60 1.56 578 
B 457 4.15 4.14 946 1490 

C 490 3.60 —0.14 —34 

/ 

91 East A 730 1.65 1.61 589 
B 435 5.90 5.61 1221 1540 

C 435 5.25 —1.24 --270 

113 West A 665 1.60 1.56 519 
B 360 4.05 4.05 730 1140 

C 392 3.55 —0.55 — 108 

113 East A 720 1.80 1.47 529 
No. 4 B 381 0.95 4.87 929 840 

C 381 5.75 —3.22 —614 

113 East A 720 1.80 1.47 529 
No.5 B 381 4.85 —3.31 —630 760 

C 381 5.15 4.50 858 

128 West A 675 1.60 1.60 544 
B 349 3.95 3.59 626 1030 

C 349 3.70 —0.83 —145 

128 East A 675 1.95 1.65 557 
В 349 5.10 —3.95 —689 530 

C 349 4.95 3.78 660 

128 Loaded A 675 3.80 3.31 1118 
Transformers B 349 1.65 0.74 129 1660 

C 349 2.35 2.35 410 
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current lag in going from the generator to the load. This is, of 
course, due to the fact that the lagging current of the load 15 
partly neutralized at the generator by the leading charging 


current. 


TABLE VII 


TEST NO. 4. ONE WIRE GROUNDED. NEUTRAL UNGROUNDED 


The voltages are the dotted lines shown on Fig. 15. 


Peak current 


Watts 
Line or Peak per 
Station switch Wire voltage. "In phase"| phase 
Actual |component 
Generator A 975 1.75 1.72 839 
B 895 2.80 2.72 1218 
Ç 904 2.55 2.55 1150 
0 West A 975 0.90 0.90 448 
B 895 1.30 1.17 524 
C 904 1.30 1.17 529 
0 East A 975 0.85 0.83 405 
B 895 1.55 1.48 661 
C 904 1.40 1.31 592 
113 West А 1.05 
В 1.35 
C 1.10 
113 East A 865 1.15 1.03 446 
No. 4 B 789 1.55 1.45 571 
C 780 1.40 1.21 472 
113 East A 865 1.00 1.00 432 
No. 5 B 789 1.45 0.93 366 
C 780 1.05 1.03 402 
128 West A 865 1.00 1.00 432 
В 808 1.20 1.14 460 
C 751 1.15 1.03 387 
128 East A 865 1.00 .0.96 415 
B 808 1.55 0.90 363 
C 751 1.10 1.03 387 
128 Loaded A 865 2.10 - 2.07 895 
transformers B 808 2.10 2.05 829 
C 751 2.25 2.07 777 


The data for these diagrams were obtained from measurements 
made on the oscillograms for Tests 4 and 6, using the two or 
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Fig. 12. Three-Wire Short Circuit. This figure is not of 
much importance, for a three-wire short circuit very seldom 
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TABLE VIII 
ONE WIRE GROUNDED. NEUTRAL GROUNDED. 


The voltages are the dotted lines shown on Fig. 16. 
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Occurs in practise. When it does occur, relays generally work 
properly, since the currents and the voltages are balanced. 
The voltages are seen to decrease from the generator to the short 


TABLE IX 
TEST NO. 6. TWO WIRES GROUNDED. NEUTRAL GROUNDED 
The voltages are the dotted lines shown on Fig. 17. 


Peak current 


Ета. 
Station switch Wire voltage "In phase"| phase watts 


Actual [component 


| 
Line or Peak per Total ' | 
| 
| 


Generator A 860 5.35 3.80 1633 
B 707 10.00 6.50 2290 | 5630 
C 803 e| 10.60 4.25 1708 | 
| 
0 West A 860 2.55 1.86 800 | 
B 707 4.05 2.76 975 | 2520 
C 803 4.20 1.86 748 | 
0 East A 860 2.75 1.86 800 | 
B 707 6.00 3.80 1341 | 3190 | 
C 803 6.40 2.62 1051 | 
113 East A 352 3.05 2.98 401 | 
No. 4 B 176 6.10 5.60 492 740 | 
C 176 6.30 —1.69 —149 
113 East A 352 2.65 2.07 364 | 
No. 5 B 176 5.80 —5.80 —510 | —190 
C 176 6.70 —0.55 —48 | 
128 West A 370 2.80 2.28 421 
B 176 4.00 4.00 352 800 | 
C 199 4.20 0.28 28 | 
128 East A 370 2.70 1.93 357 
B 176 5.85 —4.90 —431 | —290 
C 199 6.70 -2.17 —216 
128 Loaded A 370 2.75 2.21 409 
transformers B 176 0.40 0.10 9 430 
C 199 1.10 0.28 28 
128 Unloaded A 370 2.80 1.79 331 
transformers B 176 2.80 —0.83 --73 0 
C 199 2.80 —2.59 -258 


circuit. The power put into the line during a short circuit is 
not the tremendous amount sometimes supposed. In this case 
it is only a little more than twice that supplied under normal 
operation, in spite of the fact that the generator voltage is 
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maintained almost at normal value. Тһе current, however, is 
over four times as large as the normal current.  - 

Fig. 13. Two-Wire Short Circuit. These oscillograms were 
taken before the short-circuiting switch was arranged to catch 
the actual short circuit on the oscillogram. Hence the measure- 
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ments were made on about the tenth or twelfth cycle after the 
short circuit occurred. The currents and voltages are, naturally, 
very much unbalanced. All three currents are larger than nor- 
mal, the current in the good or A wire increasing because of the 
fact that the, motor load takes more current when the voltage 
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triangle is unbalanced. Тһе power delivered to the load is 
about 75 per cent of the normal amount. Тһе power given out 
by the generator is about 70 per cent greater than normal, 
and about 25 per cent less than that for the three-wire short 
circuit. | 

The most interesting thing in this figure is the wattmeter 
readings. The А wattmeter is seen to indicate toward the load 
in every case. Тһе В wattmeter indicates toward the short 
circuit at all points. The C wattmeter indicates away from the 
short circuit, except at stations some distance away. Тһе В 
wattmeter is, thus, the only one which can be depended upon to 
show the direction of the short circuit. Тһе arrow showing the 
total power, it will be noticed, points toward the load at every 
station. This means that relays connected according to the 
two-wattmeter principle can not work A 
properly except on a system where the 
load is small compared with the power ex- 
penditure during short circuit. 

The explanation of the backward reading 
of the C meter may be given briefly with 
the aid of Fig. 14. The triangle represents 
the delta voltages at some point near the 
short circuit, and J, and J, represent the 
currents in wires B and C. Тһе phase 
rotation is assumed to be A-B-C, and the short circuit is be- 
tween wires B and C. 

With a non-inductive line and with no load current flowing, 
the short-circuit current would be ш phase with B-C, or would 
take the position J, ’-I,’. Since, however, the inductive reac- 
tance of a line generally exceeds the resistance, the current vector 
will lag by a considerable angle, and will take some such position 
as [в-[с. This makes the voltage Eco and the current Ie more 
than 90 degrees out of phase, and causes the C wattmeter to 
read backwards. It may readily be seen that if the phase 
rotation is reversed the B meter will be the one which reads 
backwards. 

Fig. 15. One Wire Grounded. Neutral of Transformers Un- 
grounded. For this test the B wire ‘at Station 113 on the East 
line was connected to ground through the grounding device 
shown in Fig. 4. (Ground, as stated at the beginning of this 
chapter under Description of Tests means the midpoints of the 
condensers, all of which were connected together. Neutral 
refers to the midpoints of the star-connected transformers.) 
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In these diagrams the voltage triangle is only slightly distorted, 
but is greatly displaced with respect to ground potential. This 
point (ground potential) comes completely outside of the triangle. ` 
The ratio of delivered power to generator power is greater than 
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under normal conditions, probably because the higher potential 
above ground produces a greater charging current. "This results 
in a higher power factor in the line, and hence a lower line loss. 
The wattmeter readings in this case are nearly the same as under 
normal conditions. Therefore, wattmeter relays can not be 
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used to show the direction of such a ground. А dead ground of 
this kind, however, is not serious, except on very high-voltage 
systems. 

Fig. 16. Опе Wire Grounded. | Neutral of Transformers 
Grounded. 'The neutrals of all three banks of transformers were 
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connected to ground, and a ground thrown on the system at the 
usual place (the East line at station 113). The voltage triangle, 
of course, becomes very much unbalanced. The wattmeter 
readings are again seen to behave in a rather unexpected manner, 
the B wattmeter being the only one which correctly shows, at 
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‚ all stations, the direction of the ground. The vectors marked 
Іс show the currents flowing into the system through the 
grounded neutrals. Тһе difference in the magnitudes of this 
current for the loaded and unloaded transformers is due to the 
large line impedance between the loaded transformers and the 
salt Lake busbars. 

The currents in the three wires to the “Unloaded Transfor- 
mers” are nearly equal and in phase. This results from the 
star-delta connection, and may be explained as follows: Тһе 
voltages from wires А and C to ground are somewhere near 
normal, and this tends to keep up the voltage of the B trans- 
former on the low-tension (delta) side. This induces a voltage 
in the high side of this transformer and sends a current out over 
the grounded wire. As the only current which can flow in the 
low-tension side must circulate around the delta, the threv line 
currents must be approximately equal and in phase. For this 
reason the currents in all three wires will be abnormal when one 
wire is grounded; and the nearer the ground is to a bank of load 
transformers, the greater will be the current in that -bank. 
Hence, a bank of small star-delta load transformers is liable to 
serious injury if its neutral is grounded. 

The single vector at Farmington (station 113) between the 
two diagrams represents the current flowing into the system 
at the point where the wire is grounded. It is equal to the sum 
of the currents (flowing in opposite directions) in the B wire 
at that point. 

fig. 17. Two Wires Grounded. Neutral of Transformers 
Grounded. This case resembles the preceding one, except that 
it is more severe. The B and C wires were grounded at station 
113. The voltages and power at the load are much less than in 
Fig. 16, and some of the meters have reversed. The B meter is 
again the only one which can be depended upon to read correctly. 
As practically all of the discussion given for the preceding case 
applies to this case, it will not be repeated here. 


Кеч 


DIscUSSION ОЕ ARCING GROUND TESTS 


The following test has no connection with the preceding, but 
1S presented as a matter of interest. This test was made with 
the regular connections shown in Fig. 7 for Tests 1, 4, 5, and 6. 
Wire B of the East line was grounded at station 113 using the 
rounding device shown in Fig. 4. Бір. 18a shows only 
the steady condition (if it can be called such) of the arcing 
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ground. The top wave shows the ground current at station 113, 
the center one the current in the B wire at station 128 (East 
Line) and the bottom one the voltage from the B wire to ground 
at station 113. Тһе arc is seen to break at the end of each half 
cycle of the voltage wave, and the current remains at zero until 
the voltage has risen considerably. It then increases rapidly 
to almost its final value. The current in the center wire 1s, of 
course, a combination of the arc current and the load current. 
Hence it has a value while the arc is broken. 

Fig. 188 shows the waves while an arcing ground is being 
displaced by a dead ground. Тһе most surprising feature here 
is that the arcing ground takes more current than the dead 
ground. This is because of the fact that, during each alterna- 
tion, the electrostatic capacity of the system must be charged 
toa certain value. As quantity is equal to the product of current 
and time, it follows that if the beginning of the charge is delayed, 
the current must increase to a higher value in order to get the 
required charge into the system in the given time. Planimeter 
measürements on Fig. 185 show that the area under the irregular 
curve due to the arcing ground, is approximately equal to the 
area under the curve due to the dead ground. Hence, the 
quantities, which are proportional to the areas, are about equal 
in the two cases, and the average values of the currents are equal. 
The peaks and effective values, however, are not. 

These observations were made using carbon electrodes. Тһе 
effect of metallic electrodes is to make this phenomenon more 
pronounced. It should be remembered, however, that an arc on 
a 1000-volt system may have entirely different characteristics 
from one on a 44,000-volt system. 


APPENDIX A 


DERIVATION OF FORMULA USED IN CALCULATING THE CAPACITIES 


Given wire 1 of radius 7, length 2 L, units above the 


ground, and having a quantity of electricity q per unit length. 
To find its potential above ground. 

As the potential of one point with respect to another i is defined 
as the work which must be done in carrying a unit positive charge 
from the second point to the first, it is necessary first to find the 
force acting, perpendicular to the wire, on a unit charge at any 
distance from the wire. 
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This force, at any point P is equal to: 


441 x = l 241, 
2 m ups QE beri SS еы 
Р + х VP +x УР + xt, ху Т? + х? 
0 

If x is small in comparison with L, this may be written: 
Force = 20 

х 

Using the method of images in Fig. 19 let 4 be the image of 1 

with respect to ground. The potential ,V;,4, between 1 and 4 is 


then equal to twice the potential, Vi, between 1 and ground. 
From the definition given above, Vj,4 is seen to be equal to the 


integral of the force acting on a unit positive charge over the 
distance between the two wires, or: 


7 -| ice | 2 (-g) (- dx) 
салж х d—x 


d—r d—r 


the first term being for wire 1 and the second for wire 4. 
Integrating: 


Visa =24 ЇЕЕС x+loge (d— х) 1 


7 d—r 
2 Шах лэ ағы 


2 q log 


= 4 q loge 


r 


since r is negligible in comparison with d. 
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Hence, the potential from 1 to ground (which is one-half of that 
between 1 and 4), is: 


У, = 24192. 5 
It may readily be seen that the effect of having other charged 
conductors in the field, is to add a similar term for each conduc- 
tor; in which q is the charge per unit length on that conductor. 
The logarithmic part of each term is the ratio of the initial to the 
final distance of the unitYcharge from eachYconductor, as the 
unit charge is carried from the image of the conductor whose 
potential is being found, to the conductor itself. Thus in a three- 
phase system, the potential of wire 1 above ground 1$ 


41, ds, da, 
V, = 2q loge = + 2 42 loge 25 + 2 дз loge ээ 
71 41,9 di,s 
2.4: 
141 3.9; 41,9, 41,3 etc., represent the distances 
Ground between wires 1 and 2, 1 and 3, etc. 
4. D. 
27 
APPENDIX В. 


CALCULATION OF CAPACITIES FOR WEST LINE, GRACE TO LOGAN 
DERIVATION OF GENERAL FORMULA FOR CALCULATING 
CAPACITIES 


The wires are No. 2 copper, 0.2576 in. in diameter, at the 
corners of an equilateral triangle 9 ft. on a side. The average 
height of the lower wires above ground is 25 feet. 

Using the method of images, let 41, 42, 4з be the charges рег 
unit length on the conductors. Let the voltages from wires to 
ground be 


2 
P 
1 3 
A’ 91 “43 
25' . 
Vi = A sin ot 
Y Ground ү = A sin (wt — 120°) 
4 6 У; = A sin (wt — 240°) 
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From the proof given in Appendix B, 


d 


: d 
bt + 2 92 loge Z 
71 


di 


2 -2gsloge дэн = Asin wi 
92 | 


Vi = 2 91 loge "m 


Referring to the sketch above, 


41,4 = 50 ft. ОТ 600 in. di,» = 9 ft. | 
71 0.1288 in. р d»,4 50.8 ft. d»,3 — 65.6 ft. 
42,4 — 58.0 ft. di,s — 9 ft. 


Substituting in the formula above: 


4 


600 


| | 58.0 90 
А sin. wt = 2 q, loge y agg + 24» 108 OG + 2 q: loge 90 


In the same way: 
| e c 58.0 781.2 
A sin (wt — 120°) = 2 qı loge 9.0 + 2 qz loge 0.1288 


58.0 
+ 2 q loge 90 


and 


! 2 50.8 58.0 
A sin (ot — 2409) = 2 qı loge 90 + 24: loge 90 


600 
+ 2 42 loge 0.1288 1288 
From these equations: 


A sin wt = 2 X 2.303 (3.668 41 + 0.809 4: + 0.752 аз) 
A sin (wt — 120°) = 2 х 2.303 (0.809 41 + 3.786 4: + 0.809 qs) 
A sin (wt — 240°) = 2 х 2.303 (0.752 ах + 0.809 4: + 3.668 43) 


А 


Now let В = 537175303 x 0.809 


B sin wt = 4.534 41 + 9 + 0.929 дз 
B sin (wt — 120°) = qı + 4.680 42 + 43 
B sin (wt — 240°) = 0.929 0: + 9: + 4.534 4; 
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Solving these equations gives 


1.006 sin wt + 0.0095 cos wt 
3.605 


d» = 0.2742 B sin (wt — 120°) 


Ф = В 


To find the maximum value of 41, differentiate with respect to wt. 


44: _ 1006 cos wi — 0.0095 sin ct" 0 
d ot 
tan wt .l000 = 105.6 ог wt = 89.45? wh 1$ a maximum 
= ооо = | = 89. еп qı 15 а maxi | 
Непсе, 


1.006 sin 89.45° + 0.0095 cos 89.45° 


Maximum 41 = В 3.605 


= 0.2790 B. 
and 41 = 0.2790 B sin (wt + 0.55°) 


A 


74 606 х 0.809 ' and changing to 


Substituting for B its value, 


coulombs per mile gives 


A X 161,000 
4.606 х 0.809 X 9 х 10 


= 1.339 х 10-8 A sin (wt + 0.55?) coulombs per mile. 


41 = 0.2790 sin (wt + 0.55?) 


1.316 X 10-8 А sin (wt — 120?) coulombs per mile. 
1.339 x 10-8 А sin (wt — 240.55°) ,, ” ” 


Hence 4; 
Q3 
The next step is to get the quantities on each wire with the 


center wire grounded. Assuming that the potentials remain 
balanced, the voltages from wires to ground will be 


From wire l...... У ЗА sin (wt + 30?) 
М 20 WU ob E 0 | 
á ДЕ TE У 3 А sin (wt — 270?) 
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Carrving, as before, the unit charge from wire 4 to wire 1: 


—M ÓÓ » т _ 600 қ. 
/ 9 = 
УЗА sin (wt + 30°) = 2 х 2.303 (41 logi» ттр 


50.8 
+ q3 logio ET: ) 


58 
T 43 logio 9 


2 58.0 65.6 X 12 280) 
0-2 x 2303 (а logio 9. о T 410 819 1288 1288 + 9: logio 9.0 


V 3 A sin (wt — 270°) = 2 х 2.303 (а logio 28 ge log ro 30 


600 
+ 9 logi 51288) 


УЗА 
Let B = 3X 2.308 x 0.809 
Then, 
B sin (wt + 30° = 4.534 qı + go + 0.929 4; 
0 = 41 + 4.680 Ч» + q3 
B sin (ot — 270°) = 0.929 qi + 9 + 4.534 дз 


Solving: 
qı = 0.2209 B sin (wt + 21.12°) 
_ УЗВ 
4: = 23.57 
4з = 0.2209 B sin (wt — 261.12?) 


sin (wt — 120°) 


Substituting the value of В and changing to coulombs per mile, 


the equations become 


A V3 161,000 2 а 
91 = 0.2209 1606 x 0.809 x 9 x 10" sin (wt + 21.12”) 


1.061 X 10-3 УЗА sin (wt + 21.12°) 


0.353 УЗ X 1073 A sin (wt — 120°) 


«С; 
» 
| 


1.061 X 10-5 УЗА sin (wt — 261.12?) 


Э 
| 
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Having obtained the quantities on each wire under these two 
conditions, the next step is to determine the values to be assigned 
to each of the six condensers. Denote these values by x, y, z, and 
w as shown іп Fig. 3 A. Let 41 be the charge on wire А, 4% the 
charge on wire В and 4; the charge on wire C. The potentials to 
ground will then be 


У, = А sin ot 
У. = А sin (ot — 120?) 
V; = А sin (ot — 240?) 


and the potentials between wires will be 


Vus = УЗА sin (wt + 30°) 
Va» = УЗА sin (wt — 90°) 
Vs: = УЗА sin (wt — 210°) 


The quantity іп any condenser is equal to the capacity of that 
condenser multiplied by its voltage. The quantity on any wire 
is equal to the vectorial sum of the quantities on the three con- 
densers connected to that wire. Hence; 


Уі, у + У,2 + Vu w = 01 
Substituting, 


у УЗА sin (wt + 30°) + 2A sin wt + w УЗА sin (wt— 30?) 
— 1.339 X 10-8 A sin (wt + 0.55?) 


As this equation is true for all values of wt, it must hold when 
ші = 0. 


Then y 22 - v. 0.01284 х 10 
Or y — w = 0.01485 X 10-8 (А) 


When ot = — 30? 


3 1.5: = — 1.339 X 10-8 х 0.4917 


Or 2--8ш = 1.817 х 10° (В) 


In the same way, 
У. 1 у + Vex + Из, у = Qe 
y V ЗА sin (wt — 1509) + x A sin (wt — 120?) 
+ y V 3A sin (wt — 90°) = 1.316 х 10-8 А sin (wt— 120°) 


N 
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When wt = 210°, 

1.5y +x +1.5y = 1.316 X 108 = Зу + х (C) 
With the centre wire grounded, 

Vys y + Viz + Vis = Ч: 


(y +2) УЗА sin (wt + 30°) + w УЗА sin (wt — 30°) 
= 1.061 УЗА 105 sin (wt + 21.12?) 


When ot = — 30°, 


- LÀ w —1.061 X 1078511 (- 8.88?) = — 0.164 X 10 

Or w = 0.189 х 1075 farads per mile. 

Substitute іп (А) у = 0.189 + 0.015 = 0.204 х 10-35 Farads per 
mile. 

Substitute in (B) z = 1.317 — 0.567 = 0.750 X 10-8 Farads per 
mile. 

Substitute іп (C) x = 1.316 — 0.612 = 0.704 X 10-5 Farads рег 
mile. 


These are the values for the individual condensers, to be con- 
nected as shown in Fig. ЗА.* 


DERIVATION OF GENERAL FORMULA FOR CALCULATING THE 
| CAPACIT.ES | 
After substituting В, in the equations, for (2) A, they have the 
following form: (for the ungrounded case) 


а 9: + 42 + 44: = Bsin оі. 
qı + cq» + 9 = В sin (wt— 120°) 
Фа: + 92 + ад: = B sin (wt — 240?) 


Solving these equations gives 


(a 4- d 4- 1) 


(А) 42 = "(a Еа) с à Е sin (wt I 120?) 


B 
97 Fad @ 9-Я 
[((2actdc+a— d — 3) sin wt + (a— d — dc+1) У 3cos wt] 


*Because of the large number of calculations to be made, the pre- 
ceding work was shortened by means of the following formulas. 
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With the center wire grounded, 


аф + 92 + dq = В sin (wt + 809) 
44 + с9 + q3 = Bsin0— 0 
49: + Ф + аф» = Bsin(ot — 270?) 


from which, 


В УЗ 


(С) а, = а c9 196 1) sin wl 


+ (ac— 2cd +1) cos ot] 


By differentiating (В) and (C) with respect to wt, to get 
maximum 41, equations of the following form are obtained: 


= МАХ 105 біп (wt — 120?) (From (A) ) 
NA X 10-8 sin (ox + a?) (From (B) ) 
qı = PA X 10-8 sin (wt + 8?) x V3 (From (C)) 


© M 
ғ tà 
|| 


From these, Бу the method previously given, 1s obtained: 


y-w- = Мяпа ду+х= М 


2+3 10 = 2 sin (30? — а) w = T. P sin (80° ~ В) 


which are easily solved for x, y, z, and w, giving the values to 
bé assigned to the different condensers. 
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INDUSTRIAL RESEARCH AND THE COLLEGES 


BY А. E. KENNELLY 


ABSTRACT OF PAPER 


An outline of the proper relationship that should exist in the 
industrial research field between the pure science college, the 
technical college and the industries, themselves. 


N ANY general discussion on the influence of research on the 
development of electrical industries, the share of the col- 
leges in this influence deserves to be formulated and defined. 
The more clearly we can realize the ways in which the colleges 
can assist in this work, and the more closely we can agree upon 
the methods by which this assistance can be rendered, the more 
likely we are to be able to bring about the result desired. Іп 
what follows, certain propositions are ventured, in the hope of 
eliciting discussion, and of thereby reaching a consensus of 
opinion. 

To begin with, it will probably be admitted that industrial 
research 1s scientific investigation directed economically towards 
improvements in production. 

It has been known for centuries that discovery and invention 
have made the fountainhead of new industries. For example, 
it is said that the starting point of the wealth of Holland, and 
in the seventeenth century, the Dutch republic was the first 
exporting country in the world—was due to the discovery by 
the Dutch fishermen, on their remote islands, of a process of 
preserving fish for storage and transportation. Moreover, 
throughout all industrial history, men have devoted their time 
and labor to inventing or designing improved processes in manu- 
facture. Industrial research, in a broad sense of the term, has 
therefore been at work ever since industry existed. The dif- 
ference between industrial research in the modern sense, and in 
the mediaeval sense, lies in an emphasis upon applied science, 
and upon the application of scientific methods. Under the 
mediaeval regime, industry was understood to be handicraft. 
Individual skill in handicraft was aimed at, through the manual 
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training of apprentices by master workmen. Improvements in 
production had to come slowlv, through the gradual develop- 
ment of skill in successive generations of workmen and appren- 
tices. | 

The advent of the steam engine and of steam-driven factory 
machines, overthrew, as we all know, the processes of production. 
These became mechanically stereotyped. The province of 
individual manual skill changed to the design, direction and 
management of machinery. The charm of individuality in 
specially skillful workmanship had to be relinquished, in favor 
of the enormously increased and standardized production of 
the humanly guided machine. Under the new conditions, 
mechanical or chemical improvements could be introduced much 
more easily, partly because of the absence of intellectual inertia 
in the producing machinery, and partly because of the more 
definite predetermination and regularization of machine-made 
over hand-made products. 

The introduction of industrial research in the recent and 
more restricted sense, has come about partly materially through 
the opportunity provided by large-scale mechanical or chemical 
processes, and partly psychologically through the change in the 
general attitude of mind towards applied science. Formerly, 
there was an attitude of distrust towards scientific training in 
industry. Now itis coming to be realized that in all industry, 
applied science can be made to pay. In fact, it is coming into 
general apprehension, that sooner or later any industry will 
be outdistanced competitively, unless maintained not only by 
eternal vigilance, but also by eternal scientific study. 

The part of the colleges has been and is to train young men to 
learn a business studiously and to carry it on systematically. 
In the colonial days, the colleges educated men almost exclu- 
sively for the professions. Today, the men educated in the 
colleges enter general business in as great numbers as they enter 
the professions. 

The non-technical scientific departments of the colleges and 
universities include such fundamental subjects as mathematics, 
physics and chemistry. Тһе duties of these departments of 
so-called pure-science 7.6. science contemplated apart from ap- 
plications, are two-fold; namely 

(a) Teaching, by carrying on instruction of the students in 
those sciences. 

(b) Learning, by carrying on researches in those sciences. 
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The teaching and the learning have to be carried on inter- 
dependently and perpetually. 

It is probably undesirable that the pure-science departments 
of the colleges and universities should continuously undertake 
industrial research. There is nothing in their work to prevent 
their teachers or students from undertaking such research. 
Many on their staffs are excellently qualified for conducting 
industrial research; but there is so much other important work 
to be done, which these departments are alone able to do. In 
all times, the progress of the sciences has been largelv left to the 
college teachers of those sciences. Phvsics and chemistrv are 
subdivided into so many branches, that no one man can do 
justice bv his efforts to more than a verv small number of studies. 
There 1s a limitless field of undreamed of knowledge everywhere 
along these various lines. Тһе expenses of modern scientific 
laboratories are so great, that few private individuals can expect 
to conduct researches іп pure science, and the instructing staffs 
in the college laboratories have special facilities for experimental 
work. Тһе bulk of new scientific material, on which industries 
тау ultimatelv depend, has to be worked out and discovered in 
the pure-science laboratories of the world. Again, mathematics 
15 а science covering a range of knowledge, thought and inquiry, 
so vast that no one mind can compass it, and vet its knowledge 
is woefully backward and deficient, even for purelv utilitarian 
purposes; so that there are immense fields to be developed, even 
on the unlikelv hvpothesis that no new general discoveries will 
be forthcoming. Of the indefinitely great number of mathe- 
matical functions that may be mentally reviewed, only a few 
dozens have yet been tabulated and arranged for practical use. 
The progress of knowledge in mathematics is far less restricted 
to the college faculties, than the progress of subjects like physics 
or chemistry; because the necessary plant is so inexpensive,— 
white paper, black pencil and grev matter—yet even here the 
influence of the college atmosphere for mutual teaching and 
learning is relatively so productive, that a large share of the 
world’s mathematical pioneer work emanates from the colleges. 

While, therefore, under extraordinary circumstances, such as 
those due to the present World-German war, the pure science 
departments тау advantageously take up industrial research; 
yet, as a general rule, the best contribution of those departments 
to industry is by restricting their attention to pure science. 

When we come to the engineering and technical colleges, or 
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to corresponding university departments, the opportunities for 
their sharing in industrial research are greater. Іп the first 
place, they train men directly for work in applied science, and, 
in the second place, their contact with manufacturing industries 
is greater. By comparison with the pure-science departments, 
their field of activity is, on the one hand, intellectually narrower; 
but on the other hand, they come into closer relations with the 
needs and problems of industries. Тһе applied-science college 
laboratory staffs are very frequently occupied on engineering 
and constructive problems of the industrial world. Such ac- 
tivities are valuable, both to the colleges and to the industries, 
provided that the amount of industrial research work under- 
taken does not swamp the regular teaching. There are various 
ways in which the technical colleges can assist in industrial 
research, and among them the following:— 

(1) Training industrial-research investigators to go out into 
the industries. 

(2) The taking up of particular industrial-research problems 
by particular members of the laboratory staffs, under individual 
private agreement with industrial concerns, the work being 
carried on in the college laboratories. 

(3) The same as in (2): but with the work carried on in the 
workshops of the industrial concerns, instead of in the college 
laboratories. 

(4) By the industries formulating their problems directly to 
the college as а corporation, and entering into an agreement for 
the maintenance of research work, in the college laboratories or 
elsewhere, towards the solution of those problems. 

АП of the above methods are in vogue, as well as various 
combinations of them. Each has its particular advantages and 
disadvantages, in view of the conditions of any individual case. 
So long as the total amount of industrial research work carried 
on in a technical college does not exceed a certain amount, de- 
pending on the size of its plant, it is not very important as to 
which method is followed. Where, on the contrary, the total 
demand for such industrial work exceeds that limit, 1t becomes a 
serious problem as to how it should be conducted, not only from 
the standpoint of the college; but also from the standpoints of 
the industries and of the public. 

The only essential difference between scientific researches 
carried on for an industry, and general scientific researches 
carried on without reference to any industry, is that the former 
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are expected to bring in results of economic value, and must 
therefore be safeguarded by secrecy, while the latter, being 
expected to bring in results of scientific and engineering value 
only, naturally demand publication so far as they are successful. 
It is manifest that no industry could afford to undertake re- 
search, unless it expected the results to pay a profit on the 
expense, and such profits would be jeopardized if the successful 
results were communicated to competitors. Тһе watchword of 
industrial research is therefore loyalty to the industry, which 
makes the venture in investigative effort, and this entails watch- 
ful protection as to the secrecy of the investigation and its results. 

So far as the large industries are concerned, they install their 
own experimental laboratories, and employ their own experi- 
mental investigators. It is natural and proper for them to 
protect the results of their inventive and experimental efforts, 
either by patents or by concealment, as may best suit the 
industrial need. Тһе colleges can best serve these auto-re- 
search concerns, by supplying them with well trained graduates. 
The difficulties lie in the paths of the smaller industrial concerns, 
which desire to make progress by scientific effort and systematic 
study, but which cannot afford the expense of a special private 
research department. These younger industries must have 
recourse either to the services of a consulting specialist. of the 
researcher type; or to the services of some specialist college 
laboratories. 

The call of the younger industries on the technical collegos 
for help, is one which the colleges naturally desire to meet, so 
far as they can do so without disrupting their regular work of 
teaching and learning. Оп the other hand, the task is rendered 
difficult by the need for secrecy, and for the discrimination in 
dealings which that secrecy may involve. Тһе whole atmos- 
phere of any healthy college 15 one of intellectual freedom. Тһе 
ideas and knowledge of any individual in the college community 
are placed at the academic disposition of all of the rest who may 
be inquisitively inclined. А recognized exclusive monopoly of 
information or knowledge must interfere with the best qualities 
of any institution of learning. Consequently, the maintenance 
of any considerable amount of industrial research in a college 
becomes a burden and а difficulty. For this reason, either 
method (3) or a combination of methods (3) and (4) is perhaps 
the best for a technical college to follow, when a considerable 
amount of technical research is desired to be undertaken for 
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those industrial concerns which are not in a position to maintain 
their own research laboratories. 

In the long run, therefore, it seems most desirable that the 
technical colleges should always carry on general researches in 
their laboratories, of such а nature as may advance applied 
science, stimulate careful observation on the part of students, 
contribute to the published fund of available technical infor- 
mation, supply new knowledge to the teaching staffs, and train 
students for entering industrial research. То this end, research 
fellowships and research endowments are of the greatest aid 
both to the colleges and to the industries. A limited amount of 
industrial research work may also be advantageously carried on 
in the college laboratories, along with the general research work. 
. As, with the growth of new industries, more and more demand for 
such industrial research comes to the colleges, the desirability 
increases of dealing with it in a systematic way, through the 
college as a corporate body, by maintaining, in the workshops of 
the industrial concerns, special assistants under the direction of 
specialists on the teaching staff. In this way, perhaps, the most 
effective service may be given by the technical colleges to the 
junior industries, with the maximum of economy. It may not 
be too much to expect that, as time goes on, the junior industries 
may lean more and more upon the technical help of the colleges, 
without having to enter into any mutual agreement er combina- 
tion, in order to avail themselves of such aid. 

Reference has been made above to the continuous duties of 
a college, both as to teaching and learning. A third important 
duty also exists, although its influence on industrial research is 
less direct; namely, the maintenance and propagation of ideals, 
or of those underlying habits of thought and action which are 
sometimes summed up as “character”, and at other times are re- 
ferred to as the working philosophy of life. Colleges foster and 
transmit such ideals, more or less unconsciously perhaps, to 
those who study within their walls, partly by tradition, рагу 
by contact between teachers and pupils, partly by the study of 
history, philosophy and a host of other horizon-enlarging sub- 
jects, and partly by the interchange of student opinions. The 
transmission of such subconscious motives may not have direct 
bearing upon the technical attainments of college trained men, 
and many men who have never gone to college are actuated by 
ideals as fine as those which any college can claim, neverthe- 
less, the indirect stimulating effect of such ideals on the college- 
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trained researcher is manifest to the careful observer on everv 
hand. 

An ideal international svstem would be one in which the pure- 
science colleges should lav the foundations of future industries bv 
enlarging and disseminating the world's knowledge of the basic 
scientific principles, the technical colleges should do the same 
-` for applied science, while at the same time taking a share іп the 
economic applications of science to industry. Тһе industries 
themselves should undertake their own researches, under the 
guidance of qualified research specialists. Vocational schools 
would train industrial foremen in the elements of the same 
principles of science, art, technique, economy, thrift and hard 
work, as applied to those particular industnes in which each 
nation, is, bv its peculiar circumstances, specially adapted to 
excel. 
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INDUSTRIAL RESEARCH AND ITS RELATION TO 
UNIVERSITY AND GOVERNMENTAL RESEARCH 


BY C. E. SKINNER 


ABSTRACT OF PAPER 


1. Introduction emphasizing the great activity in all branches 
of research at the present time. 

2. A division of research activities into three principal classes, 
university, governmental and industrial. 

3. A statement that the principal function of university 
research should be to train research men and some suggestions 
as to the type of training required. 

A brief statement of the function of governmental research 
which has to do with such things as the development and con- 
servation of our natural resources, the national defense and the 
on of those things which are for the benefit of the whole 
people. 

5. A brief description of the Research Division of the Westing- 
house Electric & Manufacturing Company, its rise and its rela- 
tion to other departments. 

6. A statement of the desirability of co-operation among all 
agencies engaged in research. 


ESEARCH has been defined as ‘‘diligent protracted investi- 
gation, especially for the purpose of adding to human 
knowledge." If we accept this definition we find that it covers 
an extremely wide field of activities. It applies equally well to 
the work of the pure scientist, whose primary aim is to extend our 
knowledge to the remotest bounds of the universe, and to the 
work of the industrial chemist, who by careful painstaking 
analyses maps out the limits of impurities which may be allowed 
in a manufacturing process. Between these extremes lie possi- 
bilities for research in every imaginable field, with pure and 
applied science so closely interlinked that it is impossible to say 
where the one ends and the other begins. 

That there are possibilities of adding to human knowledge in 
innumerable ways, is evidenced by the status of research today. 
Never before were there so many interested in research in all its 
branches; never before were there so many forces at work to 
promote research. Changing economic conditions, even before 
the war now in progress, made it necessary that research be 
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carried on in almost every field of endeavor. Тһе war has 
emphasized this necessity many fold. Many industrial cor- 
porations which were not provided with research facilities 
heretofore are making such provision and many of those having 
such facilities are making considerable additions, both for 
increased amounts and for an increased variety of research. 
Research departments and scholarships are being provided for 
in universities and colleges. Commercial research laboratories 
are being promoted to serve groups of industries where individ- 
ually they cannot economically provide their own facilities. 
Scientific and engineering organizations are appointing research 
committees, and research organizations, such as the National 
Research Council, are being formed. We have research provided 
for by private gifts and by governmental grants. Тһе Federal 
Government is constantly increasing its research facilities in its 
various departments, such as the Bureau of Standards, the 
Bureau of Mines, the Forest Products Laboratory, the Agricul- 
tural Experimental Stations, etc. This movement is not only 
national; it is international. Commissions from abroad have 
studied research conditions in the United States and the United 
States have sent men to our Allies to study their progress in 
research in connection with the war. For the immediate present, 
progress in pure scientific research is perhaps much less than 
prior to the war, but nevertheless the status of research today 
is a condition of great activity. The slowing up of pure scientific 
research at this time is due to the fact the workers the world 
over are in a very large measure engaged either in actual warfare 
or in research in connection with problems arising through the 
war. Fortunately for the future, many of the results of these 
war investigations will be of great value in connection with the 
peaceful pursuits to come after the war. 

What vast fields for investigation are opened up by the prob- 
lems relating directly to the war! These are physical, chemical, 
electrical, metallurgical, physiological, psychological, mechani- 
cal, medical, problems of undersea noises, problems of high 
altitudes, problems in wave propagation, problems in medicine, 
in surgery, food values, agriculture, transportation, and a host of 
others. It is merely the hundredth repetition to say that the 
present war is one of scientific methods and machinery, but this 
repetition emphasizes the place which research now necessarily 
occupies and will occupy after the war. It should be of value 
therefore to discuss some of the phases of the problems of research 
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аз a whole and especially industrial research and its relations 
to other lines of research. 

For the purpose of this discussion, research may be conven- 
1еп у divided into three,— possibly four—general classes; this 
division depending upon the agencies involved and the purposes 
for which the work is done. These are university research, in- 
dustrial research, and governmental research,—and possibly 
philanthropic research. The first includes the pure scientific 
research, which naturally finds its home in the university, and 
all other research done there for the purpose of training men. 
The second includes all that done by industrial concerns or for 
them with the purpose of advancing industry. The third in- 
cludes all that carried on by the Federal or the State Govern- 
ments for the purpose of benefiting the people as a whole. 
Philanthropic research differs from governmental only in the 
fact that its funds are provided by individuals, instead of by the 
Government, as for example the work of the Rockefeller founda- 
tion. Nosharp dividing lines can be drawn between these classes. 
They all have much in common. All should be scientific. Much 
industrial research is philanthropic, and many times university 
research leads to industrial progress. Governmental research 
is for the purpose of serving the whole people and it therefore 
does much for education and for industry and certainly could be 
classed as philanthropic. It is just as difficult, therefore, sharply 
to maintain these classifications as it is to maintain a clear-cut 
distinction between pure and applied science, as has been so well 
discussed by Past-President Carty in his presidential address. 

It may be well, however, to consider something of the primary 
function of each of these four classes, their distinctive fields and 
their relation to each other. The discussion which follows 
naturally will be from the viewpoint of one whose experience lies 
wholly within the field of industrial research. 

The primary function of the university in research should be 
the training of research men. If the conditions outlined in the 
introduction of this paper are accepted, then it is evident that 
men with the broadest and best training possible are going to be 
required in ever increasing numbers for every possible phase of 
the work. It is self-evident that the fundamental training of 
these men must be gotten in the university and universities 
should be equipped to turn out research men just as they are now 
equipped to turn out men with academic and engineering degrees. 
It is to the university we must look for the broad fundamental 
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training so necessary in research. These trained men will in 
accordance with their training and their fitness find their places 
in pure scientific research, in industrial research, in govern- 
mental research and in teaching positions where more and more 
research men are to be trained. In this connection it is rather a 
sad commentary that the university has not been able to make 
its teaching positions more attractive by providing compensa- 
tion more in line with that obtainable in other lines. While 
writing this paper, its author received letters of inquiry for 
several men for teaching positions,—some in connection with 
research—with specifications which could be met only by men of 
considerable experience. Тһе compensation named was very 
much less than that which meeting the same specifications could 
command in other lines. While it is generally understood, at 
least by those outside the teaching profession, that it has many 
compensations, such as short hours and long vacations, the 
average salary is certainly not one of these special attractions. 
We have splendid endowments for buildings and sometimes for 
equipment, but we have practically no endowment for men of 
genius who might make notable progress іп pure research and at 
the same time serve as teachers and examples for the training 
of men for the whole field. If it takes a genius to recognize a 
genius yet undeveloped and properly to stimulate and direct 
that genius, how necessary it is that we place men of genius at 
the head of the research departments of our universities. А few 
are already so equipped, but this is a plea for a larger and a 
more definite program of research training and the development 
of that judgment which will be able to direct these trained men 
to the line of work for which they are best suited. 

In training research men, the university will naturally become 
the custodian and the promoter of pure scientific research. 
Properly equipped and properly manned, here as nowhere else 
can go on with ever increasing acceleration that wonderful work 
leading to the discovery of new elements, new laws and new 
phenomena. It is here that studies can be made of phenomena 
which are of absorbing interest, but which apparently have no 
commercial value whatsoever. It is here that we must look for 
studies of such things as the photoelectric effect, the penetrating 
power of alpha, beta and gamma rays, the character of the 
emanations of radium, the study of vortex action, and a thousand 
other studies,—all of which have value in advancing our knowl- 
edge of the unknown. АП have value in the training of men and 
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it may not be too much to say that all will ultimately be of value 
in advancing the well being of the human race. Contact with 
pure scientific research of this kind is of the utmost value to the 
research worker in whatever field if for no other reason than the 
stimulus it gives his imagination, and a research worker without 
imagination is sure to be a failure. 

In the training of research men facilities and problems must be 
provided and the question arises as to the relation of these 
problems to going industrial problems. One should not be 
dogmatic on the subject, but the following suggestions may be 
worth consideration and discussion. "Training should be aimed 
first at a broad general education. This should be such as to 
give culture as well as a thorough grounding in general science. 
Specialization should begin only after the broader foundation is 
laid. This specialization should be aimed at developing the 
research spirit, which 1$ simply a desire for knowledge of the 
truth. То this end problems should be set which will develop 
the latent abilities to observe facts and to overcome obstacles. 
For such training the exact problem matters little just so it is in 
the field of chosen endeavor. It may be of a highly theoretical 
nature with no possible immediate industrial application. It 
may be for the establishment of a law, the proving of a principle 
or the finding of the limits of a known law. It may be a very 
restricted problem, as the proving of a single phase of one other- 
wise well worked out. Тһе problem should be so chosen that 
the really essential apparatus is available for its solution or the 
problem should require that the necessary apparatus be devised. 
It is really curious to see the attitude of different men with regard 
to apparatus when a problem 1$ set for solution. At the one 
extreme a worker will demand the^most elaborate and accurate 
apparatus known to the art before he feels that he can begin his 
work. At the other extreme the worker uses whatever means 
are at hand or devises crude makeshift apparatus. The former 
is interested more in his apparatus than in his problem; the latter 
more in the principles involved than in the finish of his instru- 
ments. Both may fail,—the first due to too much elaboration of 
method and apparatus and the second due to the use of apparatus 
not adequate for the purpose. A part of the desirable training is 
therefore the training of the judgment as to how little and how 
simple apparatus can be used and still cover all the necessary 
points in research. Тһе maximum of success often comes to the 
worker who uses the simplest apparatus both as to the time 
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required to get results and their values. It is of course im- 
possible in many cases to get the required results without the use 
of the most accurate and delicate apparatus available. Larger 
and more accurate telescopes make new discoveries possible and 
more sensitive oscillographs give accurate wave forms whose 
existence would not even be discovered by less sensitive appara- 
tus. 

Industrial research problems cannot as a rule be given over to 
university research departments for solution. There are many 
reasons for this,—the patent situation being one of the prominent 
ones. Solong as industry depends so much upon patents or upon 
secret processes for the protection of its business it must carry 
on its vital research within its own laboratories and under its 
own control. Many industrial problems are also so closely 
related to the work daily being performed in producing the par- 
ticular commodity that any research in connection therewith 
must be done on the ground and by men familiar with all phases 
of the problem. 

There are, however, many problems which could be turned 
over to university research laboratories for solution and these 
would be very valuable for the training of men for the industry. 
These are problems having to do with such things as methods of 
measurement or fundamental laws such as the laws of heat 
transferrances or the laws of hysteresis. 

There should be much closer co-operation between the uni- 
versity and industrial research. Industry should recognize that 
it must depend primarily upon the universities for its trained 
research men and co-operate to the fullest possible extent to the 
end that properly trained men be turned out. Риге scientific 
research should be recognized as the legitimate field of work of 
the university. The application of science to industry should be 
recognized as the field of the industrial research organization 
and it should be realized that no sharp dividing line can be drawn 
between the two. The university should do research primarily 
to train men, and the industry to ensure dividends to its stock- 
holders. | 

Governmental differs from industrial research mainly in the 
fact that 16 1s financed and directed by the Government and 
its results should therefore be directly available to all the people. 
It has many and varied fields such as those relating to the devel- 
opment and conservation of our resources, the national defense 
and the establishment of standards of weights and measures. 
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Much governmental research is undertaken for the benefit of 
industry in general and its methods and equipment are neces- 
sarily much the same as those used in connection with industrial 
research. Like industrial research, it must look to the university 
for the training of its men. As in industry the present war has 
brought very greatly increased demands on our governmental 
research departments and has also shown the desirabilitv of 
increased cooperation between all the forces having to do with 
research, both at home and abroad. Неге again it 1$ difficult to 
draw a sharp dividing line between the work to be undertaken 
by the Federal or the State Governments and that which should 
be left to industry ог. їо the university. It is safe to say, how- 
ever, that as in other lines research carried on by the Govern- 
ment will increase in amount and in the kinds of work under- 
taken, and that, further, there will be increased co-operation 
with other agencies carrying on research. 

While philanthropic research has been mentioned as a possible 
class, its function and relation to the other classes mentioned 
are so obvious that it will not be further discussed here. 

Industrial research has been described as having for its primary 
function the securing of dividends to the industry. Fortunately 
for those engaged in it, its ideals can be just as high as those of 
pure scientific research, for its work usually results in direct and 
lasting benefits to mankind. This is certainly true of those 
researches which have given us commercial wireless telegraphy, 
transcontinental telephony, half-watt incandescent lamps, giant 
turbo-generators, modern tool steel and a host of other things. 

No single description will apply to the rise of research depart- 
ments in different industries. In the older industries, the early 
work was usually carried оп by more or less "rule of thumb 
methods" with a certain amount of experimentation directly on 
the product. Later, test laboratories were established, and 
finallv these were either combined into a research department 
ог a separate and distinct research department was formed to 
.take care of the necessary research work. Іп шапу of the 
newer industries, the foundation on which the industry has been 
built is the result of research, and in such cases research work is 
almost alwavs continuouslv maintained throughout the life of 
the industry. This is particularly true of our chemical and 
electrochemical industries. 


In most industries having research departments, we can trace 
their rise from the beginning of the work, even though done 
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under the guise of test work and experimental work and without 
any thought of its being research in the sense of the present use 
of the term. This is particularly true of the specific industry 
and organization with which the writer is connected. 

It is impossible to describe the rise of research in the Westing- 
house Electric & Manufacturing Company without giving some- 
thing of the part taken in it by the great founder of the com- 
pany,—Mr. George Westinghouse. А critical study of his life 
work will show that he personally carried on research of a very 
high order and in many fields. In his personal work, however, 
Mr. Westinghouse rarely used ordinary laboratory methods. 
His experimental work was done full size scale. If he was in- 
terested in a rotary engine he did not build a model, he built an 
engine to suit the commercial conditions he had in mind. If 
interested in the development of producer gas no mere laboratory 
experiment would suffice; he built a complete producer gas plant. 
His work on the development of air brakes, switches and signals, 
the steam turbine and many other devices was all conducted in 
the same way. He was an experimental rather than an analytical 
research worker. He undoubtedly had many failures in his 
experimental work, but the commercial success of the companies 
which bear his name shows that in the end the balance was very 
greatly in his favor. Тһе foundation of each was largely his 
own personal work. This type of experimental work to be 
successful requires a breadth of vision, a soundness of judgment, 
an optimism and a dynamic energy to carry it forward, which 
are possessed by but few men. Without these qualities so 
abundantly possessed by Mr. Westinghouse, research work done 
in his characteristic way is more liable to lead to failure than to 
success. "Throughout his active life Mr. Westinghouse always 
had in hand a number of investigations of the type referred to 
and only those who have had the good fortune to work in close 
contact with him can appreciate the amount of thought, energy 
and attention to detail which he gave to all of his experimental 
work. It was characteristic of him that he so drove his work 
that he would get results in days where the average worker 
would require weeks or months. 

He early recognized the merits of the alternating-current sys- 
tem of distribution and personally gave much attention to 1ts 
development in the formative period. This system he pushed 
to a commercial success, overcoming all obstacles including 
attempts at legislation against the use of alternating current in 
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many states. Not the least of his triumphs in connection with 
this system was the lighting of the World's Columbian Exposi- 
tion in 1893 using а type of incandescent lamp necessitated by 
the patent situation which was considered by nearly every one 
familiar with the subject as a hopeless substitute for the then 
accepted type. The modern history of alternating current and 
its place in the electrical field today is too well known to merit 
further comment. 

At a very early age Mr. Westinghouse became interested in 
the rotary engine and he carried on experimental work in the 
development of the rotary engine continuously for many years 
until the advent of the steam turbine. He immediately recog- 
nized the merits of the turbine principle and casting aside the 
work of half a lifetime on the rotary engine he at once trans- 
ferred his allegiance and his energy to the steam turbine, with 
the result that the steam turbine has become the predominating 
prime mover in connection with the use of steam today. He 
was the first to combine the alternating-current generator and 
‘the steam turbine in large units,—these being the forerunners of 
the giant 70,000 kv-a. turbo-generators of today. In passing it 
may be said that the development of the turbo-generator to its 
present state of perfection is perhaps one of the most notable 
pieces of research work in modern times and while the finished 
result is the combined work of many minds very much of the 
initiative can be ascribed to the personal work of Mr. George 
Westinghouse. Both the steam turbine and the turbo-generator 
are so different in type, construction and all essential details 
from the reciprocating engine and the slow-speed alternator 
that all previous experience had to be cast aside in the develop- 
ment of these machines. The problems of ventilation, insula- 
tion, stresses in materials, and many others had to be studied 
from entirely new angles. Experimental units as large as 
10,000 kv-a. have been built for the sole purpose of studying the 
best method of ventilating turbo-generator units. 

While much research of the kind carried on by Mr. Westing- 
house is still necessary in the development of the company's 
product it is coordinated with an analytical study of all the data 
available and supplemented by research in the laboratory, the 
factory and the field. The laboratory was early recognized as a 
necessary part of the engineering equipment and several were 
provided for different purposes in which much research was done. 
The present organization has resulted from the combining of 
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these laboratories and certain other activities into a division 
of the engineering department to which additional facilities for 
research have been added from time to time. Being a part of the 
engineering department and working in close cooperation with 
the works department the organization provides for the most 
intimate possible contact with the problems and requirements 
of the business and for the most direct applications of the results 
of research. 

The research division is divided into sections and embraces 
work from the purely theoretical side of the problems presented 
to the practical application of principles and materials in the 
factory and in the field. It has under its control various labora- 
tories, such as an electrical laboratory, a process laboratory, a 
molded-material laboratory, a materials testing laboratory; a 
chemical laboratory, a ceramic laboratory and a more recently 
acquired research laboratory proper especially set aside for the 
work of a more theoretical nature. "This latter laboratory has 
provision for studies in organic chemistry, electrometallurgy, 
metallography, illumination, general physics, electrochemistry, 
insulation, etc., etc. The theoretical and the practical research 
men while in separate sections of the same unit work in close 
harmony. Тһе result of a theoretical research, such as the pro- 
duction of a new device or material or the application of a new 
principle, can be tried in a practical way in another section of the 
division. 

The division does all the engineering in connection with the 
purchase of materials and carries on the experimental work in 
connection with the establishment of shop processes. The men 
working on materials' specifications keep in the closest possible 
touch with the method of production of these materials, their 
characteristics, their engineering application and their shop use. 
The process men work between the engineering department and 
the shop in connection with processes of every sort and prepare 
all specifications with the cooperation of the shop men under 
which the process is carried. out. Тһе division has the technical 
direction of the brass foundry, the scrap recovery plant and 
the copper refinery and is thus in daily contact with the multi- 
tude of metallurgical problems arising in these processes. Тһе 
control laboratory as well as the theoretical laboratory for these 
processes being under the direction of the division, the best 
possible cooperation between the two 1s ensured. 

The above clearly shows that the division has been so organ- 
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ized that it can be a leader in the development of new things and 
at the same time keep in closest possible touch with their applica- 
tion and use. Problems for solution come to it from every possible 
direction and not the least fertile source of theoretical problems 
is the grist of troubles from the daily routine work in the factory. 
We believe that the research division should both lead and follow 
the practical end of the work. There should be work going on 
which has for its object the securing of information or the per- 
fecting of devices which will be required in future years. At the 
same time old processes should be improved, old devices should 
be reviewed and new treatments should be provided for old 
material. Research should lead, should follow and should 
parallel engineering and factory work. Many times the results 
of researches cannot be taken advantage of at once and there 
should be a constant accumulation of information available 
when it is needed. No research can ever be considered as com- 
plete. Each new advance in contemporary lines, whether new 
instruments, new materials, new methods, new applications or 
new laws, will make further advances possible though not always 
profitable. 

What of the future of industrial research? What lines will be 
profitable? Should there be greater centralization and greater 
co-operation between industrial, governmental and university 
research? The answers to these questions might well be given 
with counter-questions. What industrial subject is so far 
advanced that further advances are impossible? If co-operation 
is profitable in a single corporation, why should it not be profit- 
able between greater forces. It should be evident from what has 
gone before that the writer believes implicitly in a constantly 
increasing field for research in every industry. If we can show 
advances in any material or process or device by proper research, 
why should not every industry profit by research. It is not 
expected that every individual study will be profitable nor 
that every successful result can be at once applied, but careful 
painstaking and persistent research should benefit any industry. 
It is expected of course that the research undertaken will have 
a direct bearing on the particular industry and not be a study of 
Some unrelated subject. It would hardly be profitable for the 
Steel industry to make an elaborate study of the life history of 
the yeast plant, but the progress in alloy steels has so profoundly 
changed many industries in the last few years that further 
research in this line will surely be of value. 


776 | SKINNER: INDUSTRIAL RESEARCH [Oct. 8 


It is probable that more and more industries will establish 
. research departments or enlarge their research work (often car- 
ried on under some other name) and that these will in a large 
measure for the present work independently of each other. We 
must expect competition in this line as well as in other indus- 
trial lines. We may confidently predict, however, that we will 
have an increasingly better general co-operation of all research 
forces and such agencies as the National Research Council, 
which bring together for а common purpose men engaged in 
every phase of research, should have a profound influence on 
bringing about this co-operation. If such organizations are а 
benefit in times of national stress and need, surely they can be of 
similar value in times of peace. "The university, the government 
and industry each has its distinctive field ànd each needs the 
cooperation of the others, and only when we secure complete 
cooperation among all these forces can we make our best 
advances as an industrial people. 


То be presented at the 334th meeting of the American 
Institute of Electrical Engineers, New York, 
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AN EXPERIMENTAL METHOD OF OBTAINING THE 
SOLUTION OF ELECTROSTATIC PROBLEMS WITH 
NOTES ON HIGH-VOLTAGE BUSHING DESIGN 


BY CHESTER W. RICE 


ABSTRACT OF PAPER 


The electrodynamic method for obtaining the solution of 
electrostatic and allied problems is developed to a high degree of 
accuracy. The method is then applied to the study of high- 
voltage bushings. An experimental high-air-efficiency bushing 
was then built and tested with the result that the arc-over was 
very materially lower than had been anticipated. 

A study was then made to ascertain the reason for this large 
discrepancy, which was found to be due to an unexpectedly 
large surface effect which varied greatly with different materials. 

After obtaining the numerical value for the surface effect a 
reasonably accurate predetermination of the arc-over of struc- 
tures, in which the stress distribution is known, can be made. 

In order to determine the desirability of using artificial equipo- 
tential surfaces to increase the efficiency of the use of the support- 
ing dielectric, diagrams were taken and а small bushing of this 
type constructed and tested. 

A study was then made to find out whether the reduction in 
diameter of condenser bushings is principally due to equalization 
of potential or due the greater strength of insulation when 
barriers are used. Asa result of this work, it is believed that the 
barrier effect greatly predominates. 

A short discussion follows which shows the difficulties of ob- 
taining a sufficiently exact theory of bushing design to enable us 
to predetermine the most efficient shape for a practical bushing. 

А series of small bushings were then made and tested with a 
view to determining the general shape and characteristics which 
go to make up a practical all around bushing. 

Тре appendix gives an unexpurgated solution of the following 
two flow problems. 

I. Тһе distribution of the electrostatic field when any two 
confocal hyperboloids of revolution of one sheet and of the same 
family are maintained at given potentials. 

II. The distribution of the electrostatic field when any two 
confocal hyperboloids of revolution of two sheets and of the same 
family are maintained at given potentials. 


INTRODUCTION 
N general, a bushing has to serve two purposes; first, it must 
support the leading-in wire or conductor and must act as a 
mechanical unit capable of being removed or replaced in case of 
damage; secondly, it must insulate the high-potential conductor 
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from the tank which is usually at zero or ground potential. The 
leading-in wire, or what may be called the high-voltage electrode 
may have various shapes. The tank with hole in it may be 
called the grounded electrode and it may be shaped in various 
ways. A solid supporting dielectric is necessary to make the 
structure a mechanical unit, that is, to mechanically connect 
the high-voltage central electrode with the tank or grounded 
electrode. Between the grounded electrode and the high-voltage 
electrode, isolated metallic surfaces may be introduced:which 
will form artificial equipotential surfaces. The condenser bushing 
is a familiar example. 

The electrical part of the design consists in studying the 
electrostatic field distribution between the electrodes in order 
to use the various available insulating materials to their best 
advantage. It is obvious that there are large numbers of possible 
electrode shapes and arrangements, the electrostatic field dis- 
tribution of which should be studied in order to determine the 
one which is best adapted for commercial use. The following 
` investigation was undertaken with a view of determining the 
theoretical possibilities of some of the various possible arrange- 
ments. The work was started in July 1914, and extended with 
short interruptions to July 1916. Naturally an investigation of 
this nature is never complete but I hope that the work to be 
described will be of interest to engineers and also stimulate 
others to take up the work so that eventually we will have a 
better and more complete understanding of this and similar 
problems. 

Preliminary Work 

The preliminary work consisted in investigating the possi- 
bilities of obtaining a reasonably approximate solution 
of the bushing problem. The first question which presented 
itself was the following: Can two-dimensional fields be rotated 
and used as satisfactory approximations for three-dimensional 
problems? Іп order to test out this matter the literature was 
searched for a solution of the rod and torus problem, so as to be 
able to compare it with the solution obtained by rotating the 
field of two parallel wires. If the approximate solution, as 


obtained by the rotation of the plane figure, did not prove useful . 


as a result of comparison with the exact solution, it was thought 
that possibly some simple law of distortion or stretching might 
be arbitrarily imposed upon the rotating-plane diagram which 
would change the lines of force and equipotential surfaces so as 


me e 
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to closely conform with the accurate three-dimensional solution. 
If such а procedure was found possible, it was hoped that the 
same method could be used in transforming the many available 
two-dimensional problems into approximate solutions of the 
related three-dimensional figures of revolution. 

The problem of insulating two parallel wires was studied in 
order to compare some of the various criterions which might be 
advanced for the correct and strongest surface along which to place 
the insulating material. For this preliminary work the question 
of different inductive capacities was neglected. Тһе following 
surfaces were studied by graphical construction on a large sized 
diagram of the field between parallel wires drawn for equal tubes 
of electrostatic flux and equal differences of potential. 


I. —Constant surface flux density. 
Equal areas between lines of flux on equipotential 
surfaces. 
II. —Surface of constant potential gradient. 
Equal distances along lines of force between equipo- 
tential surfaces. | 
III.—Surface of constant volume energy density. 
Surface defined by unit cells of equal volume. 
IV.—Surface such that the component of the potential 
gradient along the surface has a definite limited 
value, for example say, 50 per cent of the gradient. 
The object in studying such a surface is apparent 
if we assume that the surface of the insulation in- 
troduces a weakening effect. For in that case the 
component of the gradient tangent to the surface 
must not exceed the breakdown strength of the 
surface, whereas the actual gradient may be equal 
to the dielectric strength of the surrounding dielec- : 
tric. 
V. —Surfaces of constant creepage. 
Equal distances between equipotential surfaces. 


The surfaces defined in I, II and ПІ were seen to be identical | 
as would be expected. | 

The corresponding surfaces were drawn for the solid heure 
resulting from the rotation of a right section of the plane figure. 
Of course, such a procedure does not give the solution of the 
torus problem, but as explained above it was done in order that 
the result might be compared with the true solution of that 
problem. 

A search of the literature failed t to yield a useful solution of 
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the torus problem. С. Г. Fortescue and S. W. Farnsworth! 
state that the smooth lines (in Fig. 4 of the paper) show theoreti- 
cal equipotential surfaces of indicated potential for the given 
terminals. Inspection of the figure shows that the smooth 
surfaces are those cut out by revolving a family of circles about 
the axis of the rod which would yield a set of anchor rings, the 
orthogonal surfaces would then be a set of spheres. That this 
cannot be a solution of the torus problem is stated by W. E. 
Вуейу.? “Indeed no possible distribution сап make our anchor 
rings or our spheres a set of equipotential surfaces." It is 
therefore, evident that their solution and the calculations given 
in their curves Figs. 13, 14, 18 and 19 must have been the result 
of some sort of an approximation. It seems to me that a dis- 
cussion would have added to the interest and clearness of their 
paper. 

А study of the solution of the torus problem, as outlined by 
Byerly and also given by Hicks,’ convinced me that the difficul- 
ties of calculating sufficient points for the construction ofa 
diagram of the field would be very great, and even if the solution 
were available, it would not be of great assistance in solving the 
bushing problem because the rod and torus does not constitute a 
self-supporting structure resembling a bushing. It was realized, 
at this time, that if the solution of an infinite rod passing per- 
pendicularly through a hole in a plane were available, it would be 
of considerable value as this would constitute the simplest form 
of bushing. 

As a result of this preliminary work, the difficulty of obtaining 
even approximate mathematical solutions of such electrostatic 
problems was brought out.‘ 

Various experimental methods were, therefore, looked into 
with the hope of obtaining a method which would enable us to 
obtain experimentally the solution of any desired electrostatic 
problem. 


1. ‘‘Air as an Insulator when in the Presence of Insulating Bodies of 
Higher Specific Inductive Capacity." A. I. E. E. Trans., 1913, Vol. 
XXXII, Part I, p. 893. 

2. Fourier’s Series and Spherical Harmonics page 265. 

3. Toroidal Functions, Philosophical Transactions of the Royal Society, 
Part III, pages 608-562, 1881. 

4. In this connection it is interesting to read what Maxwell has to say 
about such problems; Electricity and Magnetism. Vol. I, page 177-178. 
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The desired diagrams can be obtained in a variety of ways! 
some of which are enumerated below: 

I. Directly calculated by the process of cut and try. This 
method is outlined by Karapetoff* from which I quote іп 
рагі; "In order to calculate the permittance (capacity) of 
a given dielectric, or to find the flux densities and stres- 
ses in different parts of it, proceed as follows: Тһе field is 
mapped out into small cells by lines of force and equipotential 
surfaces, drawing them to the best of ones judgment, the total 
permittance is calculated by properly combining the permittances 
of the cells in series and in parallel. Then the assumed directions 
are somewhat modified, the permittance is calculated again, and 
so on, until by successive trials the positions of the lines of force 
are found with which the permittance becomes a maximum." 
The method of successive approximations was systematized 
and used by Lord Rayleigh.’ 

While theoretically possible in all cases this method is very 
laborious even for problems in two dimensions and for three- 
dimensional problems it becomes still more exasperating, as will 
be readily discovered by anyone who tries it. A considerable 
assistance in the application of this method is rendered by ex- 
perimentally obtaining the approximate direction of the lines of 
force by the well known method of using mica filings, or better 
fine needle shaped pieces of glass which can be obtained by 
grinding up glass wool or fabric. 

II. Obtain experimentally the isothermal surfaces in the 
related heat-flow problem. Experimental difficulties such as 
radiation and conduction, obviously make this method imprac- 
tical. | 

III. Obtain the equipotential surfaces in the equivalent 
electrical conduction problem? or what I have termed the elec- 
trodynamic method. 


5. For references to the numerous articles on this subject I will refer 
the reader to those contained in the excellent article on this same subject 
by John F. H. Douglas, A. I. E. E., TRANs. 1915, Vol. XXXIV, Part 
I, page 1067, “Тһе Reluctance of Some Irregular Magnetic Fields." 

6. Electric Circuit, pages 160—163. 

7. See Phil. Trans. Royal Society, 1871, p. 77, “Оп the Theory of Reso- 
nance,” also ‘‘Theory of Sound,” Vol. II, p. 171. | 

8. I understand from Mr. Douglas’ paper “Тһе Reluctance of Some 
Irregular Magnetic Fields", A. I. Е. E., Trans., 1915, Vol. XXXIV, 
Part I, p. 1081, that Kirchoff first proposed such a method in 1845, and 
was subsequently modified and employed by many investigators. Re- 
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The possibilities of this method appeared very attractive and 
it was, therefore, selected as the one best suited for the present 
purposes. 

| THE ELECTRODYNAMIC METHOD 

The method consists in obtaining the equipotential surfaces 
for any desired shape of electrodes from the exactly analogous 
‘conduction problem in an electrolyte. | Thus the chosen elec- 
trode shapes are placed in an electrolyte and alternating current 
passed between them. The equipotential surfaces are then 
‘obtained by an exploring point connected through a quadrant 
electrometer to a definite known potential with regards to that 
between the electrodes. The locus of the points of zero potential 
difference as thus read by the electrometer constitutes ius 
desired equipotential surface. 


^. Fic. 2 


The electrodes under investigation were placed in: a large box 
made of paraffine treated wood and filled with an electrolyte— 
ordinary city water being found most convenient. · The box was 
bolted together on the outside as will be seen in Fig. 1, thus 
eliminating all metal from contact with the electrolyte in the 
box. А small transformer (200 watt) was employed to step 
down the 110-volt, 60-cycle lighting circuit to 55 volts which 
was used as supply for the tests. А non-inductive resistance 
of 6490 ohms, divided into 50 equal parts, was shunted across 
the mains between the electrodes. Тһе exploring pointer which 
was carried by the pantograph consisted of a slender glass tube 


cently C. L. Fortescue and S. W. Farnsworth, A. I. E. E., TRANs., 1913, 
Vol. XX XII, Part I, p. 893, “Air as an Insulator when in the Presence of 
Insulating Bodies of Higher Specific Inductive Capacity", as well as 
Mr. J. F. H. Douglas have employed this method, 
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with а small platinum wire sealed through at the end. The glass 
tube was slipped over a metal tube carried by the pantograph and 
the insulated wire brought out from the platinum point through 
the metaltube. The metal tube was used for mechanical stiffening 
and the glass tube with platinum point so as to avoid electrical 
leakage. Any defect in the insulation such as a crack i in the 
glass tube being easily detected. 


The pointer was connected to one pair of quadrants of the 
electrometer, the other pair being connected to a point of known 
potential on the resistance R, Fig. 2. Тһе needle of the elec- 
trometer had a metallic suspension and was kept at a definite 
potential above that of the quadrants by the transformer as 
“ shown in the illustration. ‘This method of excitation gives а 
constant sensitivity regardless of the point at which connection 
is made to the resistance R. It also makes it possible to change 
the sensitivity of the instrument by varying the potential ap- 
plied to the needle. For example, in exploring the field between 
a given pair of electrodes we can apply a certain low potential 
to the needle when exploring the dense part of the field, and 
when exploring the weak part of the field we can raise the po- 
tential applied to the needle by selecting a tap on the exciting 
transformer. Thus, we can maintain equal accuracy in all 
portions of the field. 


Some of the advantages of using the а. ‚ described 
above are as follows: Тһе use of alternating current eliminates 
polarization, to a large extent, and automatically gives “reversed” 
readings. Тһе use of a quadrant electrometer has the advantage 
that it takes practically no energy to operate, and it is a good 
zero instrument since when a point has been nearly located the 
difference in potential between the quadrants is small in compari- 
son with that of the needle and under these conditions the de- 
flection is very nearly proportional to the potential difference 
being measured.? | 


The fact that these experiments were carried out on a large 
scale combined with the small energy necessary to operate the 
electrometer made it possible to use ordinary city water as the 
electrolyte which 1$ obviously a great convenience. 


9. For the theory of the quadrant electrometer reference may be made 
to Maxwell, "Electricity and Magnetism," Vol. I, page 338; Jeans, 
“Electricity and Magnetism,” Vol. I, page 108; J. J. Thomson, “Е1ес- 
tricity and Magnetism, Vol. I, p. 97-103. 
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Method of Procedure 


In applying the electrodynamic method to problems having 
symmetry about an axis of revolution, a quadrant or octant of 
the actual figure was studied because in this manner the size 
of the electrodes used could be made larger and, therefore, the 
ассагасу correspondingly improved. Skeleton electrodes were 
used because of the obvious ease with which they can be cut out 
of tin or other metal, and for the further reason that if it ever 
becomes possible to obtain a mathematical solution of such 
problems the boundary conditions would be of as simple geom- 
etry as possible. Of course in applying the resulting diagrams 
to the design of any piece of apparatus the electrode shape which 
would actually be built and used would conform to one of the 
experimentally obtained equipotential surfaces at some distance 


Fic. 3 


from the actual skeleton electrodes. Under some circumstances 
it would be desirable to employ actual models of the desired 
electrodes. 

The method of images is obviously applicable and is of con- 
siderable value in improving the accuracy and simplifying many 
problems. For example, if we wish to study the disturbing 
influence of one bushing in proximity to another, when they are at 
opposite potentials, we can set up the experiment as shown in 
Fig. 3. In this manner we can determine the maximum stress 
between the two bushings and the minimum stress on the out- 
side of the bushing. Of course a diagram taken in this manner 
is no longer a plane section through a figure of rotation. 

Theoretically there is no difficulty in obtaining the solution of 
electrostatic problems involving materials of different inductive 
capacities by this method, as we may employ electrolytes or 
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materials having the proper relative conductances. Practically, 
however, there are obvious difficulties ш obtaining materials 
having suitable characteristics especially for the case of three- 
dimensional problems. 

In Fig. 4a is illustrated the use of a high-resistance substance 
such as carbon or a silicon clay composition, etc., as high induc- 
tive capacity material immersed in a suitable electrolyte to 
represent the surrounding air or low inductive capacity material. 

Another method is to use an insulating diaphram to separate 
two electrolytes of different conductivities one inside and the 


Ес. 4 


other outside of the shell. In Fig. 4B a series of wire rings are 
used which are connected together metallically. In Fig. 4c, the 
same method is shown except that metal pins are substituted to 
connect the outside with the inside point for point. Still another 
and possibly the simplest method of carrying out the same 
principle is shown in Fig. 4p and was suggseted to me by Mr. 
С. B. Shanklin. It consists іп building up the separating shell 
of alternate metallic and insulating washers. It will be observed 
that the methods employing the wire rings or washers are only 
applicable to problems having circular symmetry. 


/ 
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It is difficult in all of these methods to obtain the equipoten- 
tial surfaces inside of the containing shell, although this can be 
accomplished in some instances. For example, in the case of a 
bushing, by placing the quarter section inverted at the top of the 
large wooden box somewhat as shown in Fig. 5, the exploring 
plane would then be at the surface of the electrolyte. 

It will be seen that in this simple apparatus we have a most 
remarkable calculating machine which is able to. obtain the 
solution of Laplace's equation and automatically calculate and 
plot the results for boundary conditions which as yet have not 
been obtained by analytical methods. The accuracy merely 
depends upon the scale and care with which the experiments are 
carried out. For example, in the experiments here described 
the potential of any point on the 
full sized diagram, 3 ft. by 4 ft. 
(90 cm. by 120 ст.) could be . 
determined inside of a pin head. 
Of course, the diagrams are not 
accurate to this extent due to [= 
the fact that the electrodes used 
were large compared with the 
size of the containing box, and, | 
therefore, the edges of the| ,/ Electrolyte K=1 
diagrams show large distortions, |.” 
as will be readily seen by com- Fic. 5 
. paring the experimental diagram 
Fig. 9 with the mathematical solution for the similar case 
Fig. 10. The first two diagrams are also subject to slight 
pantograph errors arising from a.lack of rigidity and accuracy 
of the original pantograph. Тһе later diagrams are more ac- 
curate as a new pantograph was constructed of large thin walled 
steel tubing and provided with ball bearings throughout. 

Before taking a diagram the inside of the paraffine treated 
wooden box was painted over with a mixture of beeswax and 
rosin to eliminate or reduce to a minimum any conductivity of 
the wood. |, | 


| Completing the Diagrams. 

After obtaining an experimental diagram giving the equipoten- 
tial surfaces for equal or unit differences of potential, in the 
manner described above, the diagram may be completed by 
drawing in the family of orthogonal surfaces which divide the 
field into unit tubes of electrostatic flux. Besides being a great 
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help to the eye in using the diagrams this process furnishes a 
graphical check on the accuracv of the experimental work. If 
it is found possible to draw іп an orthogonal family of surfaces 
so that the elementary condensers, cut out between the equipoten- 
tial surfaces and tubes of electrostatic flux, have the same capacity 
throughout the field, we know that our diagram 1$ the one and 
only solution of that particular electrostatic problem. For it is 
known that there, 15 one and only one solution of any problem 
in electrostatics. In the second place, the following two condi- 
tions must be fulfilled when the field is mapped out in unit 
tubes of electrostatic flux, and in equipotential surfaces for every 
unit difference of potential. 

I.—The tubes of flux must intersect the lines of force every- 
where in the field at right angles, for if this were not true there 
would be a component of the potential gradient (or electric 
intensity) along an equipotential surface which is чиен in 
a static field. 

II.—The unit cells, or elementary condensers, which are cut 
out by the intersection of unit tubes of flux (or force) and unit 
equipotential surfaces must have the same capacity everywhere 
in the field. The correctness of this condition can be seen by the 
following reasoning. | 

АП the elementary condensers between two adjacent flux lines, 
that is, cut out by a unit tube of flux, are in series and if they 
were not of equal capacity they would not divide the potential 
difference equally between them. This is contrary to the assump- 
tion that the field is to be divided up into equipotential surfaces 
for every unit difference of potential. 

Again we see that the elementary condensers between any (wo 
adjacent equipotential surfaces are in parallel and have unit 
impressed electromotive force across them. Therefore, if they 
were not of equal capacity they would not divide the flux equally 
between them (д = C e), which would be contrary to the condi- 
tion that the field is to be divided into equal tubes of flux. 

The process of drawing in the lines of force was briefly as 
follows: An appropriate height for the unit cell was selected 
near the axis of symmetry of the diagram, a perpendicular 19 was 

10. A convenient method of erecting the perpendiculars is to employ 
a small plane mirror held, for example by a block of wood at right angles 
to the drawing board. When the part of the equipotential line which 
is seen in the mirror forms a continuous smooth curve with the part of 


the equipotential line which is viewed directly, perpendicularity exists 
and a line can be drawn using the mirror as a straight edge. 
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erected from this point on the equipotential surface half way to 
the next one. Тһе perpendicular was then drawn to the next 
equipotential surface which cut the first perpendicular half way 
between the two equipotential surfaces. The latter perpendicular 
was extended half way to the next equipotential surface and the 
process continued,—in this follow your nose fashion,—until an 
entire flux line was completed. A smooth curve was then drawn 
through the intersection of the perpendiculars. After completing 
a pair of lines in this manner the mean heights of the elementary 
condensers or unit cells were calculated assuming a constant 
value of capacity. These mean heights were then plotted on the 
diagram and it was inspected to see whether the flux line, ob- 
tained by perpendiculars, was a good mean curve through all 
these points. At the beginning of a diagram these points were 
generally high and low in an erratic manner as would be expected. 
Another flux line was then obtained by the method of perpen- ' 
diculars, the smooth curve drawn through the intersection and 
the mean heights calculated as before and compared with the 
drawn in curve. In this manner the flux lines were built up 
one upon another. After completing six or seven flux lines 
it was generally found that the calculated heights of the cells 
were showing a slight consistent deviation from the curve 
as obtained by perpendiculars in some part of the field. The 
constant error was then distributed throughout all of the flux 
lines so as to make the two criterions, namely, perpendicularity 
and equal capacities, come into as harmonious agreement as 
possible. The work of drawing in more flux lines was then con- 
tinued and the various processes repeated until the entire diagram 
was completed. 

The fact that it was possible to satisfactorily complete the 
above process is considered a good check on the accuracy of the 
experimental work. 


Determination of Capacities from the Diagrams 


After completing the diagrams by dividing up the field into 
elementary cells, we can calculate the capacity of any desired 
part of the field by properly combining the elementary cylin- 
drical condensers in series and in parallel. For example, in the 
diagram, Fig. 12, we may desire to calculate the capacity as- 
suming a single dielectric between equipotential surfaces 0 to 36 
and bounded by flux lines 0 to 54. Here we have 54 of our 
elementary condensers in parallel and 36 in series. Now since 
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the small cylindrical condensers are all of the same capacity 
C, we can write as the total capacity of the part of the circuit 
under consideration 


54 
C — 36 Cu 
ог, 
Cac 
n 
where т = number of elementary cells іп parallel. 


n = number of elementary cells іп series. 

the capacity of the unit cell or the capacity of 
the elementary cylindrical condenser assumed 
for the particular diagram. 


T 
1 


C, will obviously depend upon the assumed inductive capacity 
and size of the diagram. 

In selecting the mean height of the first cell which determines 
the capacity of the unit cells no particular value was chosen, 
the spacing for the flux lines being selected only for convenience 
in construction. They are not therefore, strictly speaking, unit 
cells. 

It is obviouslv necessary to assume some limit to the extent 
of the field in making anv calculation on a field of thistvpe for, 
if we assumed the central rod with cap infinite in extent as well 
as an infinite plane with hole and collar, the capacity of the 
entire circuit would be infinite. 

A check on the accuracy of the capacity as calculated from 
any of the diagrams could be obtained from a measurement of 
the resistance of the circuit as set up in the large box combined 
with a determination of the specific resistance of the electrolvte 
used. I am sorry that I neglected to accurately record this 
data when taking the various diagrams. 

In the case of the diagram of Fig. 28, the following resistance 
measurements were retained. 


Artificial Equipotential Surfaces 


Voltage applied, 60-сусіе............... 54.2 volts. 

ИТЕН оо о faker EE 1.39 amperes 

Кезсїапсе..........................- 39.0 ohms 
Artificial Equipotential Surfaces Removed 

Voltage applied, 60-сусіе............... 51.2 volts 

СТЕНЕ ease a sciences Gee messes 1.30 amperes 


D 
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. The resistivity of the electrolyte used (Schenectady city water) 
was determined from a sample taken from the box during. the 
experiment and was found to be approximately 3000 ohm-cm. at 


25 deg. cent. 
A comparison of the measured resistance of the circuit with 


and without artificial equipotential surfaces shows that by their 
introduction we have lowered the resistance of the circuit or, if 
considering the capacity, we have increased the capacity by 
the addition of artificial equipotential surfaces. 

It will be readily seen that in those cases where we are merely 
interested in determining the resistance to flow for any of the 
problems which obey the Fourier-Ohm law, such as the flow of 
ап ideal incompressible fluid, heat, or the so-called electrostatic 
and magnetic fluxes and current, we merely have to set up the 
desired electrodes in an electrolyte of known specific resistance 
and make a determination of resistance. The model used in the 
tests need not be the same size as the actual piece of apparatus 
which it is desired to study but may be either a magnified or 
reduced image. If the linear dimensions are all n times as 
large as the original then the conductance will be n times larger 
than it would be for the original model and inversely. A simple 
and also general method of obtaining the relation between the 
resistance in ohms as determined from the conduction experi- 
ments and the electrostatic capacity of the equivalent electro- 
static problem is to compare the two cases for parallel plane 
electrodes at close spacing when neglecting all edge effect. 

The. well known expression for the capacity of a parallel plate 
condenser expressed in practical.units is 

A 1 


СЕВ 


{тд "9x 101 187445: 


and the resistance between the same electrodes is 


К = са p ohms 
where А = area of the dielectric or electrolyte, or what 1$ the 
same thing, the area of one plane. 
— spacing between the planes. 
— specific inductance capacity (permittivity) of the 
dielectric. 4 
p — specific resistance (resistivity) of the electrolyte in 
| ohms cm.3 


у a 
| 
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If we now substitute the value of $ in terms of R and p in 


the above equation for the capacity we obtain 


kp 1 


C^T7YzR 95108 


farads- 


as the expression giving the capacity of our electrodes in terms 
of the resistance measurements! R and p. 

As an illustration, we may calculate the capacity of a Би ар 
built from the diagram of Fig. 28 full size, assuming permittivity 
unity. Тһе resistance measurement of a quadrant of the bush- 
ing gave approximately 40 ohms, and therefore, the resistance 
for the complete structure would be 10 ohms. Assuming 

= 3,000 ohm-cm., we have 


uS EM ЛЕНЕ 
C= 175 ЭХ 10 microfarads 


3000 1 . 
“ig xl 9x19" 0.000027 microfarad 


“бторү OF ELECTRODE SHAPES 


The following are some of the questions which presented 
themselves at the outset, and which it was hoped could be 
answered by taking various diagrams of the electrostatic field 
by the electrodynamic method: 

I. What is the best form of equipotential surface for' the rod 
or high-potential electrode? 

II. What is the best form of surface to select for the cover 
of the tank with a hole in it? | | 

III. Isthere a proper best ratio of rod to hole diameter under 
various conditions? 

IV. Are hats desirable? Of how great an assistance are 
they 1n screening the bushing from surrounding influence? Are 
they useful in acting as a rain shed and thereby reducing the 
field distortion under rain conditions, etc.? 

V. Can artificial equipotential surfaces be of material assist- 

11. See A. E. Kennelly, Electrical World, December 29, 1906, Vol. 


XLVIII, page 1239, who has used this method for determining the ca- 
pacity of wireless antenna. 
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ance in bringing about a better distribution of stress in the 
solid or supporting dielectric; and, at the same time, what are 
their effects upon the distribution of stress in the air and under 
oil part of the dielectric? Are their effects conflicting? 


APPLICATION OF THE ELECTROSTATIC-FIELD DIAGRAMS TO 
BusHING DESIGN 


The problem of high-voltage bushing design is in reality a 
problem involving two or more dielectrics of different inductive 
capacities. Therefore, in general the diagrams obtained by 
using a single electrolyte only offer approximate solutions of our 
problem. 

There are two conditions, however, in which the introduction 
of high inductive capacity material does not result in a distor- 
tion of the field by flux refraction. 

Case I. High inductive capacity material in parallel with the 
air dielectric, that is, when the supporting dielectric conforms 
to a line of flow. In this case the form and distribution of the 
flux and equipotential surfaces are neither altered in form nor 
distribution—nothing is changed under these conditions when 
considering perfect dielectrics. 

Case II. High inductive capacity material in series with the 
air dielectric, that is, when the additional material conforms to an 
equipotential surface. In this case the form of the equipotential 
and flux surfaces is not distorted by refraction. There is, however, 
an increase in the total amount of flux at constant applied 
potential difference which causes a change in the distribution 
of the stresses. The stress in the part of the field where the 
high inductive capacity (permittivity) material has been in- 
serted is reduced, and that in the low capacity (permittivity) 
material increased. Therefore, in this case allowance has to be 
made for this effect. 
` In the above cases it is not necessary to have the surface of 
discontinuity rigorously conform to the flux or the equipotential 
surface since a small variation will not greatly disturb the field. 
This can be easily seen by making simple calculations by the 
law of flux refraction, which states that the tangent of the angle 
of incidence б, is to the tangent of the angle of refraction 0; as 
permittivity of the first medium k; is to the хаан of the 
second kp.” 

12. For example see Jeans, “Electricity and Magnetism,” р. 335; 


Webster, "Electricity and Magnetism,” p. 327; Karapetoff, “Тһе Electric 
Circuit," p. 28 or 163. 
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Thus 
фап 0, А; 
ung ы (See Fig. 6) 
As an example consider the case in which 
Р; = ] (air) | 
Е = 8 (011) 


| `0, = 70 deg. (the assumed angle of incidence) 
Then, 


tan 0, = tan 0, Ei 
] 


tan 0, = 2.747 X 3 = 8.25 
9, = 83 deg. (the angle of refraction) 


8 
p 
Equi. 8% 
Pot. 1 К, >1 
| 2 4 4 5 
f e 2 z 83 ‘Equi. 
K 12 1 а ! Pot. 
70: 81 
| Magnified Section 
3 
© 
Fic. 6 


As 6; approaches 90 deg., that is coincidence with the line of 
force, 0: also approaches 90 deg., and in the limit we have the 
case of two dielectrics of different permittivities in parallel. 
Under these conditions the form of the electrostatic field is 
unaltered by the presence of the two dissimilar materials, and 
the flux density in the air is not increased thereby. If 0, ap- 
proaches zero degree then, іп the limit, we have the case of two - 
dissimilar dielectrics in series, and for this case the flux density 
in the two materials is the same, but due to the increase in total 
amount of flux the density in the air is increased by the presence 
of the higher permittivity material. 

The above considerations show that there are two cases in 
which we can apply the diagrams obtained by using a single elec- 
trolyte to bushing design without fear of large errors being intro- 
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duced due to flux refraction between the dissimilar materials 
which are in practice necessarily used for bushing. 


Uniform Field Type of Bushing 


Thus applying Case I we see that it may be possible to so shape 
the electrode that the strongest surface of discontinuity between 
the supporting or high inductive capacity material and the air 
conforms closely to a line of flux. In that case the introduction 
of the solid material will not alter the field distribution and we 
would thus obtain one of the infinite number of theoretically 
correct designs. If this design can be obtained without making 
the electrodes of an impractical shape or size, this particular: 
solution of the problem would be all that we require. For the 
case of ideal or perfect dielectrics, which assumes that the sur- 
face of discontinuity between the air and solid dielectric does 
not introduce a weakening influence, the strongest surface would 
be an equigradient surface which coincides with a line of flux.® 

In this type of bushing it will be observed that the surface of 
discontinuity receives the full value of the potential gradient 
and therefore any weakening influence due to the surface of 
discontinuity between dissimilar dielectrics will exert its maxi- 
mum ill effect. In the following a bushing built along these lines 
has been referred to as the ‘‘High-Air-Efficiency Bushing.” It 
may also be called the ‘‘Uniform-Field Туре,” since the support- 
ing dielectric and air are in parallel in an essentially uniform 
field. 

By the use of artificial equipotential surfaces placed so as to 
bring about uniform gradient in the supporting dielectric, this 
type of bushing would, assuming perfect dielectrics, be as small 
as it is possible to construct, that is, it would use the air and any 
available supporting dielectric to their maximum efficiencies. 


Radial Field Type of Bushing 


If we apply Case II to bushing design we would obtain a con- 
dition in which! the potential gradient is zero along the surface 
of discontinuity between the air and supporting dielectric, and, 
therefore, has its full value normal to the surface. A bushing of 
this type would not be affected by surface conditions. It is 

13. It may be of interest to compare this suggested criterion which 
assumes ideal dielectrics with that suggested by C. L. Fortescue and S. 
W. Farnsworth, and J. M. Weed's discussion, A. I. E. E., TRANs., 1913, 


Vol. XXII, Part I, р. 893, “Аіг as an Insulator when in the Presence of 
Insulating Bodies of Higher Specific Inductive Capacity.” 
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obviously impossible to have the supporting dielectric connecting 
the grounded and high-potential electrodes actually coincide with 
an equipotential surface since the two electrodes must be at 
different potentials, nevertheless the condition can be approxi- 
mately obtained in practise. This type of bushing has been 
referred to as the radial-field type. In this case the supporting 


» 


`» 


Transformer 
. One Side Grounded | 


Isolated J 
Transformer | 


Fic. 7 


and air dielectrics are essentially in series іп a radial field. If the 
surface effect 1s very great, that 1$, if the component of the poten- 
tial gradient along the surface has to be very small, this type of 
bushing when provided with artificial equipotential surfaces 
to obtain uniform stress in the supporting dielectric would 
result in as small a bushing as it is possible to construct. 
In this case the potential gradient would be approximately 
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normal to the surface and is, of course, only limited by the 
strength of air. | 

Under-Oil End. Іп the above discussion we have considered 
the top part of the bushing where two greatly dissimilar dielec- 
trics must generally be employed. Тһе under oil end of the 
bushing can, as a fair approximation, be treated as a single 
dielectric problem since the dielectrics usually employed do not 
differ very greatly in inductive capacities. 

The under-oil end requires careful study due to the proximity 
of disturbing influences such as the core and windings of the 
transformer. It may be found desirable to use a rather large cap 
on the under-oil end to shield the bushing from these disturbing 
influences. | 
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This part of the problem will have to be carefully considered 
in conjunction with the whole design of the transformer or switch, 
etc. Fig. 7 is an illustrative suggestion of transformer design 
which would assist in an efficient under-oil-bushing design. 
Fig. 8 shows a switch design in which a large cap is used to reduce 
the tendency for an arc to re-strike, and, at the same time, pro- 
vides a sort of deflector which throws the gas bubbles, etc., away 
from the surface of the dielectric. This could be given a sort 
of curved or bucket shape so as to produce eddies which might 
reduce the height of oil necessary over the contacts, etc. 


Explanation of Diagrams 


The diagrams are drawn for equal tubes of electrostatic flux 
or force and equal differences of potential between equipotentials. 
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That is, they are plane sections through the solid figure of revolu- 
tion. Thus, if we imagine this plane section rotated about the 
axis of syrhmetry, the lines in the diagrams will cut out the 
correct surfaces—the equipotential lines and flux lines will 
generate equal tubes of flux and equipotential surfaces for equal 
differences of potential. Тһе elementary cells, or elementary 


_ cylindrical condensers, thus cut out will have the same capacity 


throughout the field. 
14 
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In the case of diagrams, Figs. 27 and 28 dealing with the use of 
artificial equipotential surfaces the tubes of flux were not drawn 
in since they would be discontinuous at the metal surfaces. For 
this reason it was thought that they would confuse rather than 
add to the diagrams. 


Discussion of Diagrams 
Fig.9. (Mathematical Solution Fig. 10). It will be readily seen 
that if we assume our transformer or switch tank sufficiently 
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large, we can consider the top of the tank as an infinite plane 
with a circular hole in the middle. Аз our desired means of 
metallic connection the simplest would be merely a wire passing 
perpendicularly through the hole in the tank connecting the 
inside with the outside. ‘As these electrodes constitute the 
simplest imaginable form from which to design a bushing their 
electrostatic field was the first studied. 
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This diagram shows the characteristics of what has for con- 
venience been termed the radial-field type. 

In designing a bushing from this diagram we would probably 
select equipotential surface 1 or 2 to represent the cover of the 
tank with hole and rounded edge which makes the stress on the 
supporting dielectric about three times as high as allowable for 
the air part of the dielectric. In order to stress the supporting 
dielectric near the rod to approximately the same value as that 
at the edge of the hole we would select as our rod an equipotential 
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surface somewhere between No. 25 and No. 30. Under these 
conditions the ratio of rod diameter to hole diameter would be 
about 5 to 1. There are, however, many factors (such as the 
relative strengths of the dielectrics employed and whether the 
strength is equal in all directions, etc.) which will influence the 
above ratio and it should, therefore, not be considered as a fixed 
quantity. 

The edge of the hole in the tank must clearly be embedded in 
the supporting, stronger than air, dielectric to eliminate over 
stressed air near the edge. That is, the value of a ground shield 
is clearly shown. This type of bushing will necessarily be quite 
high in order not to over stress the air at the top. 

A study of this diagram suggested that a mathematical solu- 
tion of this case should be quite easily obtained, due to the 
apparent simplicity of the equipotential surfaces and their 
mutual resemblance. Some of the lines of force were drawn in 
and were seen to conform fairly closely to confocal ellipses, 
having the edge of the plane as focus (see Fig. 9). This sug- 
gested that if there were no disturbing influences, that is, if the 
rod were very small in diameter and infinitely long and the 
plane also infinite in extent, the solution of the problem would 
consist in a confocal system of hyperboloids of one sheet as the 
equipotential surfaces, and confocal oblate spheroids as the 
surfaces of force. A plane section through the axis of symmetry 
of this figure is then a family of confocal hyperbolas and ellipses. 
The minor axis of the ellipses is the axis of symmetry or the 
axis about which the plane figure is rotated in order to cut out 
the solid figure. ij 

In order to test this assumed solution of the problem, a dia- 
gram was constructed as follows: 

Two large confocal ellipses were constructed having the minor 
axis along the rod and the radius of the hole in the plane as 
semi-major axis. Тһе space between these two ellipses was 
then divided up into cells (see Fig. 11) which obeyed the required 
geometrical law: 


пух h 


4 = С (a constant) 


where  r = the mean radius of the cell 

й = distance between the two confocal ellipses 

d — the other dimension of the small rectangular cell 
(or the distance between the concentric cylin- 


ders). 
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By cut and try, the space between the two ellipses was di- 
vided up into small cells of constant С. This value, C, is 
proportional to the capacity of the small concentric cylinder 
condensers which would be cut out by rotation around the 
minor axis. The family of hyperbolas which has the same focus 
as the ellipses was then drawn through the cells. Тһе figure 
was then completed by drawing in the complete family of con- 


Axis of Rotation 


|| | 
ХЕ -Confocal Ellipses 
9, 


АТИ 
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Ғосиѕ 
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_ focal ellipses which divided the whole field into cells having the 
same capacity or constant C. Тһе fact that it was possible to 
complete this construction is a graphical proof of the correctness 
of the assumed solution; namely, that confocal hyperboloids of 
one sheet are the equipotential surfaces, and confocal oblate 
spheroids the boundary surfaces of the tubes of flux. 
After obtaining the solution of the problem by this method, 
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I found that it was well known; for example Махууе discusses 
the mathematical solution of this and similar problems. Other 
treatments will also be found in many books. 

Notwithstanding the numerous treatments of the subject it 
was not until a lengthy study of these sources, besides cor- 
respondence and later the great privilege of an interview with 
Professor W. E. Byerly, that I was able to obtain what appeared 
to me to be a clear and useful solution of the problem. 

I believe that there are other engineers who find it difficult 
to readily understand, and therefore use, to the best advantage, 
the results of the great deal of extremely valuable mathematical 
work which is available in the various treatises. It seems to me 
a great pity that the mathematicians do not more frequently 
reduce their results to a readily utilizable form, and wherever 
possible sketch out, with examples, some of the applications which 
must occur to them while working on the subject. In spite of 
the drudgery which necessarily accompanies any numerical cal- 
culations, I believe that a writer would be amply repaid for his 
trouble by the greatly increased number of people who would 
study and be able to use his results. 

Another difficulty, which I have frequently encountered, is 
the fact that the writer assumes too great a familiarity with 
existing mathematical works on the part of his readers. 
No one is better able to supply page references to 
what he considers a good and clear treatment of his state- 
ments ‘it has been proved”. I also believe that по 
work would suffer from the inclusion of an appendix of 
"it can be easily shown” and in some cases the ''hences". АП 
of these additions could be skipped by the fluent mathematical 
readers but would be available as wonderful time savers and 
often life savers to the ordinary engineer. For these reasons I 
have included an unexpurgated edition of two electrostatic 
problems in the appendix to this paper. 

Problem I. Тһе distribution of the electrostatic field when 
any two confocal hyperboloids of revolution of one sheet, and 
of the same family, are maintained at given potentials. 


14. See Maxwell, Electricity and Magnetism, Vol. I, p. 235 and fol- 
lowing. 

15. See Byerly, Fourier Series and Spherical Harmonics, p. 238-247. 
J. H. Jeans, Electricity and Magnetism, p. 238-244; A. G. Webster, 
Electricity and Magnetism, p. 203-242, 273, etc.; I. Todhunter, The 
Functions of Laplace, Lamé and Bessel, Chapter XXI p. 211. 
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This problem is useful as an approximation in studying high- 
voltage bushing design; it also gives us an interesting variety of 
possible electrode shapes for use in testing insulating materials, 
where it is desirable to be able to calculate the gradients. When 
. testing a dielectric of given inductive capacity immersed in a 
dielectric having a different inductive capacity (5.е., hard rubber 
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in air or oil) the edge effect сап be eliminated by shaping the 
test piece so as to follow a line of force or flux. . 
Problem II. Тһе distribution of the electrostatic field when 
“апу two confocal hyperboloids of revolution of two sheets and 
of the same family are maintained at given potentials. This 
problem is of interest as an approximation to a group of problems 
which are of frequent occurrence in engineering. For example, 
it may be applied to switch electrodes at various spacings; also, 
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as an approximation in vacuum tube designs, such as X-ray 
tubes, kenotrons, etc. That is, it is an approximation to the 
problems of two elongated electrodes at various spacings, (1.e., 
two needles or a needle and а plane) etc. | 
Fig. 12. "This diagram!* shows a form of field intermediat 
between the radial and uniform-field types. The effect produced 
by adding a collar to the edge of the hole in the plane is shown. 
The addition of a collar or extended ground shield is generally 
used on the air end to shield the bolts necessary in clamping 
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the bushing to the tank. It may also be used to shield 
switch mechanism, etc. A ground shield extending below the 
surface of the oil on the under-oil end is usually necessary in order 
to remove the stress on the air above the oil. | 

In designing a bushing from this diagram, we would probably 
select equipotential surface No. 2 or No. 3 as cover of the tank 
with hole and collar or ground shield and an equipotential surface 


16. Dr. C. P. Steinmetz has published this diagram in the fourth 
edition ofhis Electrical Engineering, page 116/which has recently appeared, 
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resembling No. 20 as high potential electrode. In practise we 
would probably not build the electrode of the shape of surface 
No. 20, but would make up the electrode of a straight rod and 
cap which would be roughly equivalent to surface No. 20. The 
addition of the cap and collar does not greatly alter the con- 
clusions regarding the ratio of rod to hole diameters as outlined 
above when discussing this point for the simplest case, that of a 
rod passing through a hole in a plane. That is, the edge effect of 
the collar or cylinder is about the same as that for the edge of a 
plane. 
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Fig. 13, 14 and 15. These diagrams are essentially of the 
uniform-field type. A study of diagrams, Figs. 9 and 12, indi- 
cated, that by increasing the size of the cap and bringing it closer 
to the case, the efficiency of the use of the air part of the dielectric 
could be increased. That is, it appeared practical to shape the 
electrodes of the bushing in such a way that the distribution of 
the electrostatic field would approach the condition in which the 
strongest surface assuming ideal dielectric (constant gradient or 
flux density) coincides with a line of force in the part of the field 
where it is desired to introduce the dielectric of higher specific 
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inductive capacity than the rest, which may be air or oil. As 
previously stated the resulting bushing would use the air at its 
maximum efficiency and hence the resulting bushing would be as 
efficient, with respect to the air path, as any of the infinite other 
solutions which could be obtained by using flux refraction com- 
bined with various electrode configurations. 

In order to experimentally test out this conclusion, Figs. 13, 
14 and 15 were taken. Skeleton electrodes were used, as 
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in the previous experimental work, in order to simplify 
matters. For instance, one electrode may consist in a thin piece 
of sheet iron, or tin, with a hole in it; the other electrode a small 
wire with an attached metal disk. Тһе proper actual shape of the 
rod with cap and the tank will then be selected from the equipo- 
tential surfaces which are obtained by the experiment. | 
For the new diagrams the size of the cap was increased so as | 
to have a diameter of about 115 times that of the hole in the 
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plane, and was placed at about one diameter from the plane. 
Тһе short cylinder was added to the sheet-iron disk for Fig. 14, 
to form a skeleton electrode which would flatten out the 
equipotential surfaces near the edge of the disk, and algo to bring 
the lines of force into а more nearly cylindrical form. Briefly, 
to give the effect of a cap having a кезе radius of curvature 
at its edge. 

In applying these diagrams to Ёол design we would prob- 
ably select the equipotential surface 2 as the top of the tank, and 
an equipotential surface between 28 to 32 as our rod with cap. 
This selection gives approximately equal gradient at the edge of 
the hole in the tank and at the rod. Also, the maximum gradient 
on the cap is not too different from that near the tank. Тһе 
supporting insulation, stronger. than air and of higher specific 
inductive capacity, would probably be put in somewhere between 
flux lines number 4 to 7. 

It is apparent from the diagram that this bushing would have 
its maximum air stress near the edge of the cap, and therefore, 
would probably arc-over clear of the solid insulation, unless the 
surface introduces appreciable weakening influences. This 
matter will have to be settled by experiment and then given 
consideration according to its magnitude. Assuming a surface 
which does not appreciably affect the arc-over of the bushing, 
we obtain from the full size diagram, Fig. 14, the following result. 
Selecting equipotential surface No. 30 as our rod with cap, we see 
that the maximum potential gradient in the air occurs near the 
edge of the cap. We must, therefore, select this gradient to be 
that at which air breaks down or approximately 21 kv. effective 
percm. The distance between equipotential surfaces 30 and 29 
is about 0.6 cm. (on the full size diagram). 


Hence : 
js 
e © 
30 ' | 
— = 21 йү: effective per ст. (assumed strength 
0.6 | . Of air.) 2 TE , 
29 ІГ О mS 
e| | | 2126 kv. effective, the potential at which 


breakdown will occur between these two 
30 surfaces. 
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Between the cap and the tank (equipotential surface No. 2) 
there are 28 equipotential surfaces drawn for equal differences of 
potential. Therefore, the arc-over voltage of this terminal 
would be obtained by multiplying the number of equipotential 
surfaces between that selected as the rod with cap and the tank, 
by the voltage which would cause breakdown if applied between 
the two consecutive surfaces in the densest part of the air field. 
In this case the number of surfaces is 28, and the voltage at which 
breakdown first occurs between .two surfaces i is 12.6 kv. effec- 
tive. . 

Hencé. 


28 X 12.6 — 350 kv. effective arc-over voltage. 


The operating voltage, assuming a safety factor of 3, would be 
116 kv.'effective. This calculation assumes that as soon as the 
gradient at the edge of the cap reaches the breakdown value, 
arc-over will occur (unstable condition). 

With regards to the stresses on the solid or liquid dielectric 
which is used in this design, it may be of interest to observe that 
the maximum gradient, which occurs along the path between 
rod and edge of tank, is approximately 68 kv. effective per cm. 
or three times that at which air breaks down. 

The efficiency with which this bushing uses the air part of the 
dielectric may be estimated as follows: 

Assuming arc-over to occur from the point of maximum stress 
on the cap, that is, near the outer edge, to the tank a distance of 
approximately 30 cm., we see that this air path under üniform 
gradient, should arc-over at 


30 x 21 — 630 kv. effective. 


Hence, taking the efficiency to be the ratio of the arc-over volt- 
age as estimated above from the diagram, to this uniform 
gradient condition, we have 


350 kv. 


Efficiency = 630 kv. 


= 55 per cent. 


Fig. 15, shows the effect of the addition of a collar or cylin- 
drical:ground shield to a bushing of this type. Тһе con- 
clusioris are similar to those which may be drawn from the 
previous diagrams. 574 | 
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TESTS ом EXPERIMENTAL HIGH-AIR-EFFICIENCY BUSHING 


An experimental bushing was constructed from a photographic 
reduction of Fig. 14, as outlined in Fig. 16. Two supporting 
dielectrics were tried. In the first case a smooth porce- 
lain piece conforming as closely as possible to the flux line No. 7 
was used. In the second case the porcelain surface was corru- 
gated as shown in the figure between flux lines No. 4 and No. 7. 
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The electrodes and porcelain pieces were cemented together with 
a sort of sealing wax compound, considerable effort being made 
to make good joints at the electrodes. Equipotential surface 
No. 30 was chosen as the central electrode shape but was modi- 
fied at the top as shown in the figure as it was not thought im- 
portant to conform to the diagram at the top part of the electrode 
where the stress on the air is very low. Equipotential surface 
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TESTS ON EXPERIMENTAL HIGH-AIR-EFFICIENCY BUSHING 


An experimental bushing was constructed from a photographic 
reduction of Fig. 14, as outlined in Fig. 16. Two supporting 
dielectrics were tried. In the first case a smooth porce- 
lain piece conforming as closely as possible to the flux line No. 7 
was used. In the second case the porcelain surface was corru- 
gated as shown in the figure between flux lines No. 4 and No. 7. 
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The electrodes and porcelain pieces were cemented together with 
a sort of sealing wax compound, considerable effort being made 
to make good joints at the electrodes. Equipotential surface 
No. 30 was chosen as the central electrode shape but was modi- 
fied at the top as shown in the figure as it was not thought im- 
portant to conform to the diagram at the top part of the electrode 
where the stress on the air is very low. Equipotential surface 
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"Мо. 2 was selected аз the ground plane and extended 43 ст. from 
the axis. The upper and lower parts of the bushing were made 
as nearly alike as possible; Fig. 17 and 18 show the general 
appearance and construction of the bushings. 

The principal electrical characteristics, as obtained from. the 
experimental diagram, Fig. 14, are as follows: Тһе maximum 
gradient on the air part of the dielectric occurs on the cap of the 
central electrodes and well away from the surface of the support- 
ing dielectric. The gradient at this point reaches 21 kv. effective 
per cm. (or the assumed breakdown strength of air) at about 117 
kv. effective. The gradient along flux line No. 7 (7.3 cm. long) 
is practically uniform and will reach 21 kv. effective per cm. at 
about 153 kv. The gradient at the edge of the ground electrode 
and the central rod are approximately equal and are about three | 
times the maximum gradient on the air. 

The arc-over voltages of the corrugated and smooth bushings 
may be estimated as follows: 


(1) Smooth Surface 


If we assume that the surface and joints of the porcelain do not 
introduce disturbing influences, arc-over should occur clear of 
the surface at 117 kv. effective. For this potential difference the 
gradient along the surface of the porcelain would be 16 kv. 
effective per cm. 


(2) Corrugated Surface. 


If we neglect refraction effects and make the very rough 
assumption that the corrugations introduce half air and half 
porcelain in series in a uniform field we would have for the arc- 
Over voltage : 


е = С, (= + 53) arc-over voltage 


Where 
С, = 21 kv. per cm. 
ху = хә = T cm 
1 2 2 . 
| Е = 5 porcelain 
Hence, 
е = 21 (3.65 T4 2 
e = 92 kv. effective. 
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and arc-over would occur by unstable corona formation in the 
corrugations at 92 kv. effective. 
At this voltage the average potential gradient along the arc- 


9 
over path would be ын — 12.6 kv. effective per cm. 


Summary of Tests 


Sixty-Cycle Arc-over Voltage. (average of ten readings) | 
Surfaces cleaned with absolute alcohol and wiped dry 


I ' Smooth Surface................ 80 kv. + 10 kv. 
Average gradient........... 11 kv. per cm. 

II Corrugated Surface. ............ 72 kv. + 10 kv. 

Average gradient........... 9.9 kv. per cm. 

Surfaces c'eaned as above and then covered with an oil film. 

I Smooth бигізсе................ 75 kv. + 10 kv. 

Average gradient....... ....10.3 kv. per cm. 

II Corrugated Surface. ............ 82 kv. + 5 kv. 

Average gradient........... 11.2 kv. per cm. 


The arc-over voltages after visible carbonization points have 
been formed at the sealing wax joints and on the porcelain is 
given below. This condition is reached after about 15 arc-overs, 
when dry clean surfaces are used and in 5 to 10 arc-overs when 
the surface is oiled. Handling the surface results in about the 
same arc-over voltages. 


I Smooth бигізсе................. 50 kv. + 2 kv. 
Average gradient.... ...... 6.85 kv. per cm. 

II. Corrugated Зиг.асе............ 5 kv. + 2 kv. 
Average gradient........... 7.25 kv. per cm. 


Surface of electrodes and porcelain covered with city water, | 
that is, the surfaces were sprayed after all the oil had been 
removed. 


I Smooth Surface................ 23 kv. + 3 kv. 
Average gradient.......... 3.15 kv. per cm. 
II Corrugated Surface............ 27 kv. + 3 kv. 
Average gradient.......... 3.7 kv. per cm. 


‚ Surface oiled and a needle point l4 in. long placed upright at 
the corrugated surface on the ground plate. 


First dfC-OVGT.. 0291493 Ea ER ens 50 kv. 
Average ргашепі................... 6.85 kv. per cm. 
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After about three arc-overs a carbonized point could be seen 
to form at the arcing point on the upper electrode above the : 
needle, also considerable carbonization took place around the 
needle. 

Under these conditions the arc-over 


WAS siya ein ted t E а КУЧТА: 35 kv. 


60 Cycle Under-Oil Tests. After the above mentioned tests 
were completed the bushing was immersed 1n oil (40 kv. oil as 
measured by standard gap of 0.2 in. (0.5 cm.) between 0.5 in. 
(1.27 cm.) terminals) in order to determine the under-oil charac- 
teristics. 

In both cases arc-over took place over the porcelain surfaces 
and in the corrugated bushing followed in and out of the corruga- 
tions. Theresults were 


I Smooth бигізсе................. 122 kv. 

Average ртайепі............. 16.7 kv. per cm. 
II Corrugated Surface............. 144 kv. 

Average gradient............. 19.7 kv. per cm. 


Impulse Arc-over Tests. Impulse tests were made using F. W. 
Peek's impulse generator." Impulses having various frequencies 
and wave shapes were used but as the results were in good agree- 
ment in all cases only a typical set of readings will be given. 
Тһе calculated frequency of the impulse wave is given as 500 
kilocycles with а maximum voltage corresponding to 188 kv. 
effective. 

The arc-over voltages as measured by 12.5-cm. spheres placed 
in parallel with the bushing were as follows: 


111.5 spheres only 
| 117. half and half 
(121. bushing only 
Average gradient........ 16. kv. per cm. 
| 104. spheres only 


I Smooth Surface......... EE 


111. half and half 
117. bushing only 
Average gradient........ 15.2 kv. per cm. 


II Corrugated Surface... .. ME 


The results were practically identical with clean dry or oiled 
surfaces. 


17. “Тһе Effect of Transient Voltages on Dielectrics.” А. I. E. E., 
TRANS., 1915, Vol. XXXIV, Part II, p. 1857. 
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Observations and Discussion 


In all of the tests on the smooth bushing the arc-over appeared 
to follow close to the surface. In the corrugated case arc-over 
appeared to take place along flux line No. 7, that is, did not 
follow in and out of the corrugations. (The only exception was 
in the case mentioned of the under oil arc-over of the corrugated 
bushing where the path followed the corrugations in and out). 

The previous calculations indicated that the smooth porcelain 
bushing should arc over clear of the surface at about 117 kv. 
whereas in test it arced-over along the surface at about 80 kv. 
+ 10 kv. (oily and dry surfaces do not seem to be greatly dif- 
ferent) or say approximately 70 per cent of the calculated arc- 
over voltage. However, this comparison is not a truly correct 
one since the arc-over occurred at the surface and not at the 
point of maximum gradient. A better comparison of calculated 
and observed arc-overs is obtained by comparing the calculated 
surface arc-over with the actual surface arc-over. 

Sixty-Cycle Tests. (A) Averaging the clean and oily surfaces 
we have 


calc. surface arc-over 153 _ 
' measured surface arc-over ^ ^ ^ ^" 74 


(B) Carbonization points formed after a number of arc-overs 


calc. surface arc-over : _ 158 _ 3.1 
measured surface arc-over ^ ^ 50 `` 
; 153 
(C) Surfaces and electrodes sprayed with water.. — “03 6.6 
. 153 
Impulse Tests. (D) Clean or oily surfaces. .... IL 1.3 


Many explanations may be advanced for the above results; 
at first I was inclined to account for them in the following man- 
ner. 

Case A. Here breakdown occurred over the surface of the 
bushing at approximately one-half the calculated voltage. То 
account for this we might assume that a conducting corona ring 
forms prematurely due to an imperfect joint between the porce- 
lain and electrodes, since at the joint a high stress might exist on 
the air due to the high inductive capacity material being in series 
with the air at this point. If such a conducting corona ring was 
formed the maximum stress upon it would be approximately 
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twice that existing in the uniform part of the field. For if we 
insert a cvlindrical conductor in a uniform field the maximum 
gradient on the cvlinder will be twice the gradient of the uniform 
field in which it 16 placed ог if we have two infinite plane elec- 
trodes having hemicvlindrical bosses upon them, then for spac- 
ings between the planes such that the field between is essentially 
uniform in the middle the gradient іп the vicinity of the cylin- 
drical bosses will be a maximum on the crest of the boss and will 
be twice the gradient existing in the uniform part of the field. 

The solution of this problem is obtained bv the method of 
images; bv superimposing a uniform field upon the field of a 
linear doublet.'8 A complete diagram of the electrostatic field 
is given by Maxwell in Plate XV at the end of Vol. П of ‘‘Elec- 
tricity and Magnetism.” 

If we make the further assumption that the corona ring is 
unstable then we see that arc-over should occur at approximately 
one-half the calculated arc-over voltage assuming perfect joints 
and surfaces, which is about the value observed from the tests. 
It is of course probable that the gradient at the surface of the 
boss will have to be somewhat above 21 kv. effective per cm. at 
breakdown, or what is the same thing, the breakdown strength of 
air (assumed 21 kv. eff. per cm.) must be reached at a finite 
though small distance from the surface of the boss. This same 
effẹct is well known in the case of wires or concentric cylinders, 
etc., for example, it has been discussed bv F. W. Peek, Jr. 

Case B. Carbonization points formed after a number of arc- 
overs. In this case arc-over took place over the surface at about 
one third the calculated value. А method of approximately 
explaining this case mav be based upon the assumption that a 
small hemispherical corona boss forms on the surface of the 
electrodes. Тһе solution of the electrostatic problem of two 
infinite planes having hemispherical bosses is obtained by super- 
imposing a uniform field upon the field of a spherical doublet. 
Тһе gradient is a maximum оп the crest of the boss and is three 
times that in the uniform part of the field.” 

18. See "Electricity and Magnetism”. А. G. Webster, p. 202, also 


p. 88. Notes on Electric Field Distribution. Journal of the Franklin 
Institute, July, 1913. W. S. Franklin. p. 72-75. 


of Corona and the Dielectric Strength of Air." 

20. Т. Н. Jeans. “Electricity and Magnetism,” p. 188-191; A. С. 
Webster, “Electricity and Magnetism”, р. 371-373; Lord Kelvin Papers 
on "Electrostatics and Magnetism,” р. 492; J. J. Thomson, “Electricity 
and Magnetism," p. 158-160. 
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Diagrams of the lines of force or flux will be found in the 
various references given below and a somewhat similar and in- 
structive case is shown in Plate III at the end of Vol. I—Maxwell, 
"Electricity and Magnetism.”’ 

Case C. Water particles on the surface. In this case arc-over 
occurs at about one-half the needle-gap arc-over at this spacing. 
This low arc-over under these conditions may be a sort of pro- 
gressive breakdown between adjacent water particles « or distor- 
tion of the field by erratic conduction, etc. 

Case D. Тһе impulse test shows an arc-over voltage which is 
very close to the calculated arc-over assuming that it takes place 
clear of the surface. To the eye, however, the arc-over seems to 
take place along or very close to the surface and therefore there 
seems to be some disturbing influence at work which the above 
‚ explanations do not take into account. 

The previous calculations for the corrugated porcelain bushing 
indicated that the arc-over should take place along the edge of 
the corrugations due to unstable corona formation in the valleys 
of the corrugations. The calculation is necessarily only approxi- 
mate as the flux refraction produced at the corrugations is 
neglected. 

А comparison of the various cases may, however, be of interest. 


біхіу-сусіе Tests. 
Case A. Oily and clean surfaces ratio of calculated до 


to test агс-оуег....................... 77 = 1.2 
Case B. Carbonization points formed after a num- до 
ber of атс-оуетв....................... == = 1.74 
58 
92 
Case C. Surfaces sprayed with water............. 97 = 3.4 
Impulse Test 
Са Р. Санаа SUR ACE. cesset: d - 0.83 


Explanations similar to those offered for the smooth surface 
might be advanced but cannot be quantitatively applied as the 
field conditions are not as definitely known. 

Under Oil Tests (60 Cycles). 'The under oil arc-over tests also 
show a lower value than would be expected if we assume perfect 
joints and ideal dielectrics. 
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The strength of oil at these large spacings (7.3 em.) 1s about 
33 kv. effective per cm., and therefore the surface arc-over voltage 
should be 7.3 X 33 — 240 kv. effective for the smooth porcelain 
surface 


calculated surface arc-over 240 
нод 
measured surface arc-over 122 


It will be observed that the explanation above (corona ring or 
joint effect) could be applied to these tests and give what would 
appear to be a satisfactory explanation of the observed discrep- 
ancy between calculated surface arc-over voltage and that ob- 
tained from the tests. Тһе corrugated porcelain surface could 
be discussed qualitatively in a similar manner. 


ADDITIONAL TESTS ом 'Hicg-Arirng-ErricikeNcY BUSHINGS. 


The object of the following tests was to determine the dis- 
turbing influence of the walls and floor of the room or ground 
upon the arc-over voltage of this type of bushing. The following 
tests were made using the corrugated supporting dielectric as it 
was still assembled with the electrodes. The previous under-oil 
tests had damaged the porcelain surface on one side, and there- 
fore, necessitated submerging the injured end under oil. For 
this purpose, a wooden oi! tank was used, the tests being made 
on the uninjured end. The surface of the porcelain was oiled 
for all tests. | 

Summary of Tests 
Sixty-Cycle Arc-Over Voltage. (average of ten readings). 
Corrugated Surface. | 


(A) Plane grounded 


Arc-over уоПаре................. 67 kv. + 5 kv. eff. 

Average gradient................ 9.2 kv. per cm. 
(B) Plane isolated, central electrode grounded 

Arc-over voltage................. 67 kv. + 4 kv. 

Average gradient................ 9.2 kv. per cm. 
(C) Bushing entirely. isolated. 

Arc-over уоПаре................. 80 kv. + 10 kv. 

Average gradient................ 11 kv. per cm. 


A comparison of these tests with the previous ones show a 
reduction of the arc-over voltage for the grounded cases to about 
80 per cent of the previous values. The isolated case agrees 
closely with the previous tests where the plane was grounded. 
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The results might be expected from the following considera- 
tion: In the previous tests the bushing was suspended about 
10 ft. above the floor of the room, and therefore was not ap- 
preciably influenced by the floor and walls, whereas the present 
tests were made with the bushing about 2 to 3 ft. from the floor 
of the room. "The conditions of the test had to be changed, due 
to the fact that it was necessary to have the damaged end of the 
bushing under oil. Under these conditions the proximity of the 
floor of the room or ground would have a greater effect upon the 
grounded cases, 4 and B, than for case C where both plane and 
central electrode were 1solated. 

It may be interesting to note, at.this point, that the type of 
electrostatic field, which we are here concerned with, for example, 
an infinite rod passing through a hole in an infinite plane is 
essentially different from the case of two-spheres at different 
potentials in space. In our case the rod and the plane both 
are considered as going to infinity and are at different potentials. 
Thus, it is evident that the potential at infinity is indeterminate 
and the electrostatic field distribution merely depends upon the 
relative potential between the two electrodes. This can be seen 
analytically from the mathematical solution for this simplest case 
(see appendix). The case of two spheres in infinite space is quite 
different. For example, assume them to have equal and opposite 
potentials, in that case, the equipotential surfaces are approxi- 
mately spherical at great distances from the spheres and at an 
infinite distance the equipotential surfaces around each sphere 
are two infinite spheres made up of the infinite plane which 
passes midway between them. By reason of symmetry this 
infinite plane is seen to be at zero potential since it forms the 
equipotential surface which lies midway between the two spheres 
and since this plane goes to infinity the potential at infinity 1$ 
Zero. 

If we now assume one sphere at zero potential and the other 
at a positive potential of such a value as to make the relative 
potential between the two spheres the same as before, the elec- 
trostatic field distribution is no longet symmetrical about the 
plane midway between the spheres, that is, the field has been 
changed though the relative potential between the spheres is the 
same. А diagram of the electrostatic field, under these condi- 
tions, is shown in Fig. II at the end of Vol. I Electricity and 
Magnetism, by Clerk Maxwell. In this diagram, 2, is the 
spherical surface at zero potential and, A, the other sphere at a 
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positive potential. The concentration of the field about, А, will 
be observed. This is quite a different matter from the effect of 
floor, walls, etc., of the room. I have taken the liberty of calling 
attention to this fact because it has puzzled me considerably 
and may have bothered others also. Тһе above remarks, of 
course, do not apply to the case of two bushings in proximity, 
in which case the fields of the two bushings would have to be 
treated as one. 
CONCLUSIONS 


In general, the results of tests on the above high-air-efficiency 
bushings were not very encouraging from the point of view of 
building a satisfactory commercial bushing of this type. How- 
ever, if the above suggested explanation of the discrepancy 
between theory and test were found to be correct, that is, if the 
disturbing influence is due to corona at the joints between the 
porcelain and electrodes, it should be possible to eliminate it by 
electrostatic shielding of these joints. This might eliminate all 
the lowering of arc-over except that due to rain or sprayed 
surfaces, and, therefore, might give us a useful bushing for in- 
door use, especially on testing transformers, where the impulse 
safety factor 1s not important. 


INVESTIGATION ОЕ THE DISCREPANCY BETWEEN CALCULATED 

AND TEST ARC-OVER VOLTAGE OF EXPERIMENTAL HIGH-AIR- 

EFFICIENCY BUSHING | 
Joint Effect 

The following tests were carried out in order to obtain an 
experimental check upon the explanation offered above which 
was based upon the assumption that a corona ring formed pre- 
maturely at the joint between the supporting dielectric and the 
electrodes. 

Large plane electrodes with smoothly rounded edges were 
spun up of brass of the form shown in Fig. 19. Тһе object of the 
design was to obtain as nearly as possible, a uniform field between 
the electrodes without disturbing edge-effects. The sixty-cycle 
arc-over voltage was then obtained at various spacings, with 
planes alone, and when provided with small rings, hemispherical 
bosses and points. The results are given in the form of curves in 
Fig. 19. 

It will be observed from the data given on the planes alone 
that the field between them 1s not accurately uniform since the 
breakdown gradient changes with the spacing and 1$ in general 
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lower than 21 kv. effective per cm. the approximate strength of 
air at these large spacings. Тһе arc-overs were, however, well 
distributed and did not show a tendency to take place at the 
rounded edges. Тһе 200 kilocycle impulses arc-over of the 
planes is given on the curve, and approximately represents the 
true strength of air under uniform field conditions, as the edge 
effect does not seem to greatly lower the impulse arc-over. 

To show roughly the effect of hemicylindrical bosses small 
copper rings i in. (0.318 cm.) cross-section were used. Two 
diameters for the rings were tried first, one-inch (0.254 ст.) 
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diameter and secondly, four-inch (10.15 cm.). The results were, 
however, not appreciably different and, therefore, the averages 
are shown, first for the case of a single ring on the upper plane, 
and secondly for a ring on each plane. The rings were not made 
half-sections because it was not thought necessary for such rough 
tests. Of course the effect produced by the ring is not rigorously 
equivalent to a straight hemicylindrical boss except where the 
cross section of the ring is exceedingly small and the diameter of 
the ring extremely large in comparison. 

The hemispherical bosses used had a radius of 4 in. (0.318 ст.) 
No appreciable difference was observed between the case in which 
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a boss was placed on one or on both planes, and, therefore, a 
single curve is shown. 

The points or cones which were employed were approximately 
30 deg. and 1 in. (0.635 cm.) high and had rather dull points. 

From the previous discussion we saw that the apparent arc- 
over gradient when hemicylindrical bosses were placed upon the 
planes should be, assuming any corona formation to be unstable 
somewhat above 10.5 kv. eff. per cm. due to the so-called energy 
distance effect" which requires that the surface gradient exceed 
the breakdown strength of air. Тһе rough tests given above 
indicate an apparent surface gradient of about 13 kv. eff. per cm. 
Observation in the dark indicated that arc-over takes place 
without previously showing corona. 

А similar explanation probably suffices to explain the difference 
between the apparent arc-over gradient, as discussed above, for 
the case of a hemispherical boss which indicated that on the 
assumption of unstable corona formation the arc-over would 
take place at an apparent gradient somewhat above 7 kv. eff. per 
cm. In test the apparent gradient was found to be about 10 kv. 
eff. per cm. No corona could be observed in the dark before 
атс-оуег. 

The case of the small points оп the planes is not so easily cal- 
culated but is interesting in showing the extreme condition. 
Observation іп the dark showed streamers from the point to the 
plane just below the arc-over voltage, sometimes resulting in 
arc-over and sometimes going out, the appearance being like very 
fine so-called "static sparks" and not a corona like glow. 


Surface Effect 


Tests in Air and СИ. We have seen that the explanation of the 
discrepancy between calculated and test arc-over voltages of the 
high-air-efficiency bushing can be fairly satisfactorily explained 
on the assumption that the joint between the porcelain and metal 
of the electrodes was the disturbing influence which brought 
about the reduction in arc-over voltage. It has also been pointed 
out that, if this were the true explanation, it should be possible 
to eliminate the effect by proper electrostatic shielding of the 
joints. The following preliminary tests were, therefore, carried 
out in order to roughly check the assumption experimentally. 

For this purpose the two brass electrodes used in the previous 
tests were available, and in addition a second pair of planes were 
spun up on exactly the same form, except that the annular 
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grooves were added as shown in Fig. 20. Тһе object of the 
grooves was to supply an electrostatic seal for the edge of the test 
piece (a glass cylinder in these tests). It is believed that in this 
manner we have shielded the joint between the test piece and the 
electrodes, and, therefore, should have eliminated апу disturbing 
influence which might arise from the joints. Ап imaginary 
sketch of the electrostatic field about the grooves has been drawn 
which is also a detail drawing of the groove. Reference may also 
be made to Figs. XI and XIII, at the back of Vol. I, Electricity 
and Magnetism, by Clerk Maxwell, which show the screening 


effect of plates and gratings, which are somewhat analogous cases. 
Under these conditions the introduction of the glass cylinder of 
high specific inductive capacity in parallel with the air dielectric 
should have no effect upon the arc-over voltage, providing the 
strength of air is not different when in contact with the test piece. 

The data obtained using various test pieces between the 
smooth and grooved planes in air and oil are summarized by the 
curves, Figs. 21 to 25. During the tests the barometer varied 
between 74.5—76. cm. Hg.; the temperature between 23 deg. 
cent. to 27 deg. cent. and humidity between 34 per cent to 
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53 per cent. Тһе effect of these variations did not show them- 
selves above the experimental errors involved in the tests and 
therefore all the data was averaged together. The glass cyl nders 
used as test pieces were ordinary soda glass approximately 2.5 
inches (6.25 cm.) diameter with a wall thickness of about 0.07 
inches (0.18 cm). In all cases minute longitudinal flaws were 
visible along the grain of the glass. Тһе edges of the cylinders 
were roughly ground but the process left appreciable irregularities 
which probably would be sufficient to introduce corona dis- 
turbances, if they are appreciable. 

Three conditions of the glass surface were investigated: I— 
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12 14 


Glass cylinders cleaned with absolute alcohol and dried with a 
cloth. This case is represented on the curves as dry glass (I). 

II—Glass cylinders cleaned as in (I) and then heated for about 
3 hours at 180 deg. cent. The cylinders were then removed from 
the oven, handling being done by means of dried fibre strips, and 
set up between the planes for test. Arc-overs were taken while 
the cylinders were still hot and also after they had reached room 
temperature. Тһе later condition is that referred to on the 
curves as dry glass (II). Тһе hot arc-overs differed from the 
room temperature ones merely in proportion to the change in air 
density on the supposition of a heated film of air in the vicinity 
of the hot cylinders. 
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III—Wet glass cylinders. For these tests the cylinders were 
held under the water faucet just before tests were made. 

For the tests in which the cylinders were coated with paraffine, 
or oil, etc., the test piece was soaked in the hot material and then 
tested after reaching room temperature. 

The tests with hard rubber varied considerably as shown by 
the two curves. Тһе upper curve is for hard rubber cylinders 
which had been re-surfaced with fine emery just before test. 
The lower curve shows the arc-over after the test piece had stood 
around the laboratory for a week or so. Тһе tests with oiled 
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hard rubber refer to cylinders which had been soaked in No. 6 
transil oil for a few days. 

Tests were also made on wound-up paper cylinders impreg- 
nated with compound. 

The tests using glass disks given on curve sheet Fig. 22 were 
intended to show the effect of breaking up the surface first by the 
natural irregularity of the piled up disks (see Fig. 26), secondly 
with larger glass disks inserted at intervals, and thirdly with 
metal disks inserted at intervals. The glass disks were 0.075 in. 
(0.19 cm.) thick and 2 in. (5 cm.) and 4 in. (10 cm.) diameter 
and had roughly ground edges. The metal barriers were 5 in. 
(12.7 cm.) in diameter,and0.019 in. (0.048 cm.) thick. 
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. The under oil tests were carried out in a large wooden oil tank 
containing No. 6 transil oil, testing 40 kv. between 0.5-in. (1.27 
cm.) terminals at 0.2 inches (0.51 cm.) spacing. 

The impulse tests were made using F. W. Peek's impulse 
generator 2 with an impulse resembling half a cycle of a 200 
kilocycle sine wave. The voltages given are on the assumption 
that arc-over occurs at the top of the sine wave impulse. 

А few tests were made using glass tubes and hard rubber 
cylinders having different diameters, so as to see whether the 
arc-over was affected by changes in the surface resistance be- 
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tween the planes. The tests did not, however, show any varia- 
tion from the previous ones. 

The incompleteness of the data and the irregularities which 
occurred between different samples of the same material as well 
as the rather crude methods of test make any conclusions rather 
questionable. I am, however, inclined at present to the following 
conclusions. 

If all precautions were taken to absolutely free the test samples 
from moisture, and furthermore, if practically perfect joints were 
made between the test samples and the planes, either by electro- 


21. See footnote 17. 
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statistically shielding the joints or by mechanical fit, I believe 
that the presence of insulation in parallel with air or ой, etc., in a 
uniform field would not result in a breakdown lower than that of 
the weakest material. When, however, the joint is not carefully 
made, I believe that premature breakdown occurs at the joint 
when a high inductive capacity material is placed in parallel with 
a lower inductive capacity material. 

When dealing with dielectrics, which have been cleaned and 
dried, with what would be considered great care in the household 
sense of the word, there appears to be a very large reduction in 

arc-over under the conditions 
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general, it may be further pointed out that materials such as 
clean new hard rubber, oiled, or paraffined surfaces, which Mr. 
Harvey L. Curtis has shown have a high surface resistivity under 
varying humidity conditions, also show a high breakdown under 
the test conditions here described. From a purely electrostatic 
point of view it is, of course, obvious that if the surface conduc- 
tion took place in a perfectly regular and uniform manner it 
should not result in any reduction in the arc-over of the test 
pieces as the equipotential surfaces of conduction would coincide 


“ тч ад рани . . . 5 
22. Тһе Volume Resistivity and Surface Resistivity of Insulating 
Material g.—General Electric Review, October 1915, p. 996. 
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with electrostatic ones and no distortion or increase in stress 
would thereby result. If, therefore, the reduction is to be 
attributed to surface leakage or conduction, this effect must be of 
an erratic and discontinuous nature. | 

It would be of considerable theoreticalinterest to test this con- 
clusion experimentally. For example, I believe that a suitably 
high resistance and homogeneous metallic film could be obtained 
on a glass cylinder by subjecting it either to a cathode spray 
or by volatilization in a high vacuum. Some tests were tried in 
which ground-glass cylinders were coated with graphite, etc., 
but without satisfactory results. 


35 Glass Discs 


Fic. 26 


I believe that a thorough and accurate investigation of this 
phenomena would be of considerable practical as well as theoreti- 
cal interest. 

REVISED ARC-OVER CALCULATION OF HIGH-AIR-EFFICIENCY 
BUSHING 

A revised calculation of the arc-over voltage of the high-air- 
efficiency bushing may now be made which takes into account 
the surface and joint effects.. We have seen previously that 
the surface arc-over of the bushing in air should take place under 
ideal conditions at about 150 kv. effective. Now, since the 
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electrostatic conditions along the surface are practically identical 
for the bushing and for the test pieces between the smooth planes, 
a direct comparison is legitimate except for the fact that a glass 
surface is probably not identical with a glazed porcelain surface. 
Nevertheless the comparison is of interest. 


Arc-over of Arc-over of 
High-Air-Efficiency Smooth Planes 
Bushing 7.9 cm. Spacing 


Tests іп Air 


Average of dry and oiled 
smooth porcelain surfaces ^ Average of dry and oiled glass 


60 cycle, 73 kv. effective 60 cycle, 67 kv. effective ` 
Impulse, 117 kv. effective Impulse, 90 kv. effective 
Surface wet with city water Surface wet with city water 
60 cycle, 23 kv. effective 60 cycle, 21 kv. effective 


Tests in Oil. 


Smooth porcelain surface Glass cylinder, 
60 cycle, 122 kv. effective 140 kv. effective 


In conclusion it should be observed that if we are forced to use 
supporting dielectrics, which show large surface effects, we must 
consider this fact when we form any criterion for the best use of 
air or oil in combination with the supporting dielectric. If we 
assume that our surface of discontinuity between the air part of 
the dielectric and the solid or supporting dielectric, for instance 
glass, is greatly weaker than air alone, for example—only stands 
a potential gradient of 7.3 kv. effective per cm. instead of 21 kv. 
effective as would probably be the case if perfectly dry and clean: 
then considering this feature alone, we see that in order to use 
both materials most efficiently, the component of the potential 
gradient along the surface should not exceed 7.3 kv. effective 
per cm., whereas the air itself should be used to its full strength 
of 21 kv. effective percm. Thus, the component of the potential 
gradient normal to the surface should beG = У 212 — 7.3? = 
19.7 kv. effective per cm. or the flux lines should make an angle 
of approximately 70 deg. from the surface.. This is practically 
the condition existing in the so-called “Radial Type of Field" in 
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which the supporting dielectric and air are approximately in 

series in a radial field. It will be seen that when considering 

ordinary materials from which bushings are usually made that 
this surface effect practically requires us to go to the radial type 
of field in constructing a bushing. 

CALCULATION OF THE ARC-OVER OF THE TEST PIECE, DESCRIBED 
AND TESTED BY C. L. FORTESCUE AND S. W. FARNSWORTH.” 
The electrodes consisted of confocal hyperboloids of revolution 

of two sheets. Тһе equation of the hyperbolas which constitute 

the generating curves were obtained from the description and 

Fig. 20 of the paper as follows: ^ 


Where 

f = У а? + с = 1 їп. the semi-focal distance. 
and а = 0.875 іп. 
с = 0.485 іп. 


from which we have 
x: 7o pg 3 
(0.875)? (0.485)? 
Тһе ellipsoidal hard-rubber supporting dielectric is cut out by 
rotating the ellipse whose equation was determined іп a similar 
manner to be 


x? y? 
аа 
Where f= V@— 8 = Lin. 
and = 3.111. 
a = 3.26 in. 
and 
x? Nez eu 
3.208 ^ (312 =! 


Reference to Fig. 18 or 19 of the appendix shows that the hypo- 
bola No. 27 is very approximately the one corresponding to that 
used for the electrodes. Тһе ellipse bounding the hard rubber 
is No. 22 counting out from the focal ellipse as 0. 


23. See footnote 1. 
24. See p. 863 and Figs. 1 and 2 of the appendix. 
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Assuming the breakdown strength of air as 21 kv. effective 
per cm. and perfect dielectrics corona would start at the junction 
between the hard rubber and electrodes at 205 kv. eff. If we 
further assume that the corona formation is unstable arc-over 
should occur assuming perfect dielectrics without surface or 
joint effects at about this value. Тһе factor which takes into 
account the reduction in arc-over, due to what has been called 
surface and joint effect,for the case of hard rubber in parallel 
with air in a uniform field, in which the full value of the gradient 
is along the surface, is applicable in this case. Тһе tests 
have shown that a factor of about 73 per cent should be 
applied to the value as calculated neglecting this effect. Thus, 
the calculated arc-over of this structure is about 150 kv. effective, 
the test results reported by Fortescue and Farnsworth were 
given as 160 kv. effective. | 


OUTLINE OF SOME OF THE POSSIBLE METHODS FOR INCREASING 
THE EFFICIENCY OF THE USE OF THE SUPPORTING 
DIELECTRIC | 

In the previous discussion on bushing design attention has 
been principally directed towards studying the possibilities of an 
efficient use of the air dielectric. Theoretically, the ideal bushing 
would be that in which the whole dielectric 15 used to its maxi- 
mum efficiency, that is, it would be on the point of breakdown 
simultaneously at all points. Therefore, it is interesting to study 
the possibilities of increasing the efficiency of the use of the solid 
or supporting dielectric. For example, inspection of the diagram, 
Fig. 14 shows that the supporting dielectric in a bushing built 
along these lines is not used to its maximum strength except right 
near the rod and edge of the hole in the tank. "Therefore, if it is 
possible by some means to redistribute the stress 1n the solid 
dielectric so as to bring about a more uniform condition, it would 
be possible to greatly reduce the diameter of the bushing as a 
whole. Тһе following are some of the possible methods which 
might be employed. 

I—Theoretically we could bring about the desired condition 
provided we had suitable dielectrics of various inductive capaci- 
ties and dielectric strengths. We could then place the high 
inductive capacity materials near the rod and edge of the hole 
in the tank putting the lower inductive capacity materials in the 
less dense parts of the field and in some such manner as this bring 
about the condition in which all the dieléctrics used were stressed 
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to their maximum strengths. This is the well known principle of 
graded insulation. Unfortunately there 1s not a very wide varia- ' 
tion in the inductive capacities of the materials which are avail- 
able in practise. 

II—If there were available extremely high resistance materials, 
or dielectrics, we could construct a bushing which would main- 
tain а proper potential distribution by conduction through the 
dielectric. This might be called a resistance bushing. А graded 
resistance bushing would also be possible. 

III—Another method is to insert artificial equipotential sur- 
faces and thereby control the stresses in the manner which 
we desire. Іп order to effect the desired distribution of 
stresses the artificial equipotential surfaces must be maintained 
at the proper potentials. Some of the methods which can 
theoretically be used for this purpose are as follows: 

A. Metallic connection to a proper source of potential. For 
example, to transformer taps or external balancing resistances, 
inductances or capacities, etc. А balancing resistance might even 
be embedded 1n the dielectric. 

B. By conduction through the supporting dielectric. "This 
would be similar to the resistance bushing mentioned above 
except that the distribution of the conduction current could be 
modified, in various ways, by the insertion of artificial equipoten- 
tial surfaces. 

C. Electrostatically (or the well known condenser principle)?’ 
in this case we have the balancing condensers embedded in the 
supporting dielectric, and, at the same time, forming the arti- 
ficial equipotential surfaces. Of course graded insulation is also 
applicable to this type of bushing. 

Theoretically where artificial equipotential surfaces are used 
they could be extended through the surface of the solid or sup- 
porting dielectric into the air part of the field where they could 
be used to assist in bringing about the desired field distribution, 
and at the same time, even be made to act as petticoats to shield 
the surface from rain, etc. 

Obviously the possibility exists of making various combina- 
tions of the above principles. 

When the practical difficulties of utilizing the above methods 


25. В. Nagel Elektrische Bahnen ипа Betriebe, 1906, p. 278; А. B. 
Reynders, A. I. E. E., TRANs., 1909, Vol. XXVIII, Part I, p. 209; C. L. 
Fortescue, Electrical Journal. August 1913, р. 718; W. S. Franklin, Journal 
of the Franklin Institute, July 1913. 
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. are considered it appears that case III alone, orjpossibly in com- 
bination with grading by inductive capacities, is the most feasible 
at the present time. "Therefore, a brief study of this case was 
undertaken making use of the electrodynamic method. 


PRELIMINARY STUDY OF THE USE ОЕ ARTIFICIAL EQUIPOTENTIAL 
SURFACES OR POTENTIAL EQUALIZERS 


Diagrams of Figs. 27 and 28, were taken as a preliminary study 
of the effects produced by forcing a uniform distribution of 
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potential gradient in the solid or supporting dielectric by the use 
of cylindrical artificial equipotential surfaces. Diagram, Fig. 27, 
shows the effect when the radial field type is used on the air 
end and diagram, Fig. 28, for the uniform field type. The 
under-oil ends are what might be termed semi-radial. 

At the outset, it should be noted that it is necessary to study 
both the air and oil ends simultaneously if they are not symmetri- 
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cal, otherwise the problem is indeterminate. Briefly the method 
of experiment was as follows: The skeleton electrodes, for Fig. 27 
consisted of a plane with cylinder (ground shield) and a central 
rod provided with a tin disk at both ends. The disk on the under- 
oil end was put in so as to make a definite field in which to end 
the artificial equipotential surfaces. If this were not done the 
bushing would be greatly affected by the piece of apparatus in 
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which it was afterwards used. I believe that this feature 15 quite 
important. Тһе ground shield was used іп order to relieve the 
stress on the air above the oil level, as usual, and was projected 
into the air end so as to shield the joint which would be necessary 
in construction. Five tin quarter cylinders were then added as 
the artificial equipotential surfaces. These were constructed 
of two pieces so that thev could be telescoped, thereby making it 
possible to change their length and the position of their ends 
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both in the air and oil parts of the field. The adjustment was 
accomplished by a svstem of strings so that different positions 
could be tried while experimenting with water in the box. The 
apparatus was set up in this manner and the position of the 
cylinders in the air and oil ends adjusted until the potential gra- 
dient between the cylinders was as nearly equal as could be easily 
predetermined. It was during the course of this work that it 
was found necessary to add the tin disk at the top of the bushing, 
(See Fig. 27) іп order to have a dense field in which to end the 
two inner cylinders. If this were not done they would have had 
to be either too close to the under-oil disk which would mean too 
great a stress at the bottom of the under-oil end, or greatly 
extended in the air end. In the latter case the resulting bushing 
would have been much higher than seemed desirable for the 
preliminary work where an exaggeration of effects was desirable. 
Naturally, the position of the potential equalizing cylinders may 
be almost anything, that is, the potential of any of the cylinders 
could be brought to the desired value either by adjustment of 
the ends of the cvlinder in the air or oil end. Such an arbitrary 
arrangement, without regard to the stresses brought about on 
other parts of the bushing, would obviously result in an imprac- 
tical design. For instance, it might result іп bad stresses at the 
ends of the cylinders and outside of them at the expense of the 
uniform gradient thus obtained within. In both diagrams the 
object was to obtain, as nearly as possible, equal gradient within 
the cylinders, and at the same time, obtain the best external 
field consistent with this requirement. Naturally, in practise 
it would probably be best to compromise between the internal 
and external parts of the field but for a preliminary study it 
seemed best to take one object to start with and study the 
consequences. 

When the diagram was completed, it was found that the pre- 
liminary adjustment had not actually obtained the uniform 
gradient in the solid material as had been attempted. For 
example, the distributions between the various artificial equipo- 
tential surfaces starting from the ground shield were as follows: 
(See Figure 27). | 


I —Number of Ппев................. 6. 
Average gradient.............. 6 lines 
2.92 cm. = 2.05 
II —Number of lines................. 6.4 
Average gradient.............. 6.4 lines 


1.62 


3.94 cm. 
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III —Number of Ппев................. 7. 
Average ртайепі.............. 7 lines 
4.2cm. = 1.66 
IV —Number of lines................. 6.5 
Average gradient.............. 6.5 lines 
3.3cm. = 1.97 
V —Number of lines................. 10 
Average gradient.............. 10 lines 
3.8cm. = 2.64 
VI —Number of іпеѕ................. 14 
Average gradient.............. 14 lines 


2 16cm. = 6.5 


No attempt was made to obtain a low gradient іп the last case, 
as it was contemplated to select the equipotential surface of the 
inner cvlinder as our rod with cap. 

Inspection of Fig. 27 will show that a concentration of the 
field at the top and bottom ends of the bushing has resulted 
from forcing the nearly uniform gradient between the cylinders. 
It should also be observed that the capacities of the concentric 
cvlinder condensers formed by the artificial equipotential sur- 
faces have no definite relation, under these conditions, where 
the effect of the caps and assvmmetry of the problem introduce 
large effects. For example, assuming as the length of the con- 
densers the mean height of the two adjacent cvlinders we have 
for the capacities starting from the ground shield. 


к = R "uccide ^om 
loge : 
II С proportional %0............ 33.3 ст. 33.3 — 131 
loge 1.29 0.255 © i 
II C x RETO PEN TN 59.4 ст. _ 59.4 _ 166 
loge 1.43 0.358 _ 
У С н “72..........86.0 cm. 86 
loge 1.52 0.419 | 9 
V C ns EIN 94.2 cm. 94.2 
10:25 бош са 
Пн»: 2 Со EEE 100 стп. = 100 _ 53.5 


loge 6.7 1.90 — 
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I wish to emphasize caution against any conclusions which might 
be drawn from the above values for the capacities; for an entirely 
different adjustment of the lengths of the cylinders could ob- 
viously be obtained which would stil give equal potential 
gradient between the successive cylinders and in which the 
capacities calculated as above would have entirely different 
values and interrelations. 

Before leaving the discussion of this diagram it may be inter- 
esting to note that 1f we built a bushing along these lines; for 
example, if we selected equipotential surface No. 36 as our сеп- 
tral rod with cap and equipotential surface No. 0 as plane with 
ground shield, corona would start at the top of the bushing at 
about 238 kv. effective and would probably arc-over slightly 
above this value. The average voltage per cm. of height of this 
238 kv. 
70 cm. 


Diagram, Fig. 28 was taken using the same electrode configura- 
tion except that the large skeleton cap was put in place of the 
small one used for Fig. 27. Тһе position of the cylinders was 
adjusted with the same objects in view as for the previous 
diagram. 

The distribution of potential between the various artificial 
equipotential surfaces starting from the ground shield will be 
seen to be as follows: 

(See Diagram, Fig. 28). 


bushing would be 


= 3.4 kv. effective per cm. 


I. —Number of lines................. 6.5 | 
6.5 lines _ 
Average gradient............... 305cm. 2.13 
II. —Number of іпеѕ.................. 7. 
; | 7. lines 
Average gradient... TEE цал 304 cm. 1.77 
III.—Number of Ппев................. 7.5 
| . 4.5 lines 
Average gradient........ Meis 504007 1.90 
IV.—Number of Ппев................. 6. | 
6 lines 
Average gradient.............. 3-55 Gn 1.69 
V. —Number of Ппев................. 10 
Average gradient.............. eee = 2.62 


3.82 cm. 
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VI.—Number of Нпез................. 13 
13 lines 
Average gradient. не 238 0m 7 6.0 


As before, no attempt was made to obtain a low gradient inside 
of the small last cylinder as it was contemplated using this 
equipotential surface for the rod with cap, as in the previous case. 

The capacities of the adjacent cylinders considered as con- 
centric cylinder condensers, starting from the ground shield, 
are as follows: 


loge “ус 


32.8 cm. 32.8 


II.— С proportional to........... log. 1.27 - 0.239 = 138 
ра гт Geld - за = 148 
IV.— в mi E a = 164 
OE ME саты meee = рев = 9 
VL— 400400402222. ... 29cm. 2099 _ 59 


loge 6.7 1.90 


As in the previous case, caution should be urged against hasty 
conclusions drawn from the above capacity values, for in this 
case also an entirely different adjustment would be possible in 
which the magnitudes and interrelations between the capacities 
would have very different values. 
. In designing a bushing from this diagram we might select 
equipotential surface No. 38 for the rod with cap and equipo- 
tential surface No. 0 for the plane with ground shield. А straight 
cylindrical shell would be added enclosing the central core and 
the ground shield. Тһе resulting distribution of the potential 
on the air end of such a bushing would be approximately uniform. 
Under these conditions corona would start at the cap on the 
air end at about 440 kv. effective which gives an average gradi- 
ent along the surface of 7.75 kv. effective per cm. 

Тһе tests made on glass cylinders in a uniform field іп which 
the surface breakdown gradient was found to be about 9.2 kv. 


! 
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I wish to emphasize caution against any conclusions which might 
‚ bedrawn from the above values for the capacities; for an entirely 
different adjustment of the lengths of the cylinders could ob- 
viously be obtained which would stil give equal potential 
gradient between the successive cylinders and in which the 
capacities calculated as above would have entirely different 
values and interrelations. 

Before leaving the discussion of this diagram it may be inter- 
esting to note that if we built a bushing along these lines; for 
example, if we selected equipotential surface No. 36 as our cen- 
tral rod with cap and equipotential surface No. 0 as plane with 
ground shield, corona would start at the top of the bushing at 
about 238 kv. effective and would probably arc-over slightly 
above this value. The average voltage per cm. of height of this 


238 kv. 
bushing would be стреа 
Diagram, Fig. 28 was taken using the same electrode configura- 
tion except that the large skeleton cap was put in place of the 
small one used for Fig. 27. Тһе position of the cylinders was 
adjusted with the same objects in view as for the previous 
diagram. 

The distribution of potential between the various artificial 
equipotential surfaces starting from the ground shield will be 
seen to be as follows: 

(See Diagram, Fig. 28). 


= 3.4 kv. effective per cm. 


I. —Number of lines................. 6.5 | 
| 6.5 Ппез 
Average gradient............... 3 05cm. = 2.13 
II. —Number of Ппев.................. 7. 
| | 7. lines 
Average gradient... temen T0435 т 1.77 
III.—Number of Ппев................. 7.5 
7.5 lines 
Average gradient........ ade 50120227 1.90 
IV.—Number of іпеѕ................. 6. 
6 lines 
Average gradient.............. dnm om = 1.69 
V. —Number of Ппев................. 10 
Average gradient.............. оше 2.62 


3.82 cm. > 
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VI.—Number of Іпев................. 13 
: 13 lines 
Average gradient.............. 2106-0227 6.0 


As before, no attempt was made to obtain a low gradient inside 
of the small last cylinder as it was contemplated using this 
equipotential surface for the rod with cap, as in the previous case. 

The capacities of the adjacent cylinders considered as con- 
centric cylinder condensers, starting from the ground shield, 
are as follows: 


mean height 24.9 cm. 24.9 


I.— С=........ R Soni 0157 99 
loge — 
7 
| 32.8 ст. 32.8 

II.— C proportional TO HG uou i ues loge 1.27 = 0.239 = 138 

К ” ” 51 ст. _ 51. _ 
Шу о Оооо 21 лабы log. 1.41 l41 0.344 = 148 

7 Ж T | 73 ст. _ 73 _ 
RM E инь, И log. 1.56 1.56 ^ 0.445 = 164. 

2 ” a 86 ст. _ 86 _ 
== РИУ jon 2.5 2.5 ^ 0.916 = 94 
VL— “ “ PY 211: 2 52 


loge 6.7 "1.90 


As in the previous case, caution should be urged against hasty 
conclusions drawn from the above capacity values, for in this 
case also an entirely different adjustment would be possible in 
which the magnitudes and interrelations between the capacities 
would have very different values. 
. In designing a bushing from this diagram we might select 
equipotential surface No. 38 for the rod with cap and equipo- 
tential surface No. 0 for the plane with ground shield. A straight 
cylindrical shell would be added enclosing the central core and 
the ground shield. "The resulting distribution of the potential 
on the air end of such a bushing would be approximately uniform. 
Under these conditions corona would start at the cap on the 
air end at about 440 kv. effective which gives an average gradi- 
ent along the surface of 7.75 kv. effective per cm. 

The tests made on glass cylinders in a uniform field in which 
the surface breakdown gradient was found to be about 9.2 kv. 
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рег cm. indicate that the air end of this bushing 1$ about as 
short as practical assuming good surface conditions. A shell 
would also be added to the under-oil end of the bushing enclos- 
ing the ground shield. Inspection of the under-oil end shows a 
concentration of the field about the cap. Also in view of the 
under oil arc-over tests on glass cylinders and hard rubber 
it looks as if the under-oil end is about as short as possible. 
Тһе diameter of this bushing 15 evidently làrger than necessary to 
withstand puncture as will be readily seen by comparing the 
thickness of insulation used with that found in practise to be 
necessary. It will also be observed that the ratio of external 
diameter to rod diameter as used in practise is considerably 
less than that used for these preliminary experiments where it 
was about 8, if we take the inner equalizer as our rod with caps. 
For example, the ratio between outside diameter to rod diameter 
varies in practise between 2.3 and 3.7. With these relatively 
small diameter ratios the gradient without artificial equipoten- 
tial surfaces would not be very far from uniform to start with 
(see diagram, Fig. 10). "There is, therefore, very little potential 
equalizing to do. Іп our tests, however, we have taken a ratio 
of about 8, which means that we have an exaggerated con- 
dition and considerable equalizing to do. 

This immediately brings up the question as to whether the 
small diameters of the condenser bushings is due to the equaliz- 
ing effect of the tin-foil layers in bringing about uniform poten- 
tial gradient, or whether the effect is not largely due to the sub- 
division of the solid material by metallic barriers as well as 
the laminated structure of the dielectric itself, thereby increasing 
the apparent strength of the structure,(an effect analogous to 
the use of solid barriers, pressboard, etc.) in liquid dielectrics. 
This matter will be briefly discussed before leaving the subject. 

It should be observed that there is no definite proper ratio 
between the diameters of the central rod and the hole when 
artificial equipotential surfaces are used in this manner. It 
is, however, undesirable to use too small a central electrode 
because this means that more redistribution of stress has 
to be brought about by the artificial equipotential sur- 
faces. This in general necessitates either too long a bushing or 
an excessive stress at the ends. If we select a ratio of rod to 
hole diameter which gives more nearly equal gradient at the 


26. See “Construction and Application of the Condenser Terminal”, 
by J. E. Mateer, Electrical Journal, August, 1913. 
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edge of the hole and rod without artificial equipotential surfaces, 
we will have less potential equalizing to do which will probably 
be found advantageous. | 


ExPERIMENTAL BUsHING WITH ARTIFICIAL EQUIPOTENTIAL SUR- 
FACES, UNIFORM-FIELD TYPE 

A bushing of the uniform-field type was built from a photo- 

graphic reduction of Fig. 28. It has been pointed out that 


012345678910 
, Scale in Centimeters 


Fic. 29 


in taking the diagram the artificial equipotential surfaces 
were adjusted so as to give an approximately uniform distribu- 
tion of stress in the solid or supporting dielectric, while at the 
same time we attempted to produce as good an external field 
distribution as could be foreseen before the diagram was actually 
completed. 

Fig. 29 shows the outline of the bushing drawn on the 
diagram of Fig. 28. The electrodes were not made to rigorously 
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conform to any of the equipotential surfaces in the diagram as it 
did not seem necessary to do so, since the field will probably 
not be greatly changed by the deviations made. А groove was 
putin the cap on the air end to electrostatically shield the 
joint between the supporting dielectric and the air. The con- 
denser core of the bushing was made of wound-up shellac paper 
with tin-foil layers at intervals of 1/16 in. It was turned 
down to the shape shown in Fig. 29 and then stepped off as 
will be seen from the photograph Fig. 30. 

A shellac paper cylinder enclosed the air end of the bushing 
and the shell for the under-oil end was built up of hard-rubber 
rings. Sarco, an asphaltic compound, was used as filler. 


Arc Over Voltage as Calculated from the Diagram 


An inspection of Fig. 29 will show that the gradient on the air 
end is very nearly parallel to the surface of the containing 
cylinder and is approximately uniformly distributed being some- 
what higher near the top. Тһе maximum gradient on the air 
end is seen to be on the cap away from the surface. Under these 
conditions corona should start on the cap at about 90 kv. effective 
as calculated from the diagram making allowance for the fact 
that the cap used did not rigorously conform to any single equi- 
potential surface of the diagram. Тһе bushing is 15 cm. high 
and therefore the average gradient along the surface would be 
6.7 kv. eff. per cm. 

Inspection of the under-oil end shows that a concentration of 
stress has resulted on the cap from forcing the uniform internal 
stress by the artificial equipotential surfaces. The distance be- 
tween lines No. 22 and 28 (6 lines) where the under-oil shell 
meets the cap is 0.8 cm. thus we have 7.5 lines per cm. 
Tests on the under-oil arc-over of rubber cylinders between par- 
allel planes gave а surface arc-over gradient of about 23 kv. 
effective per cm. Assuming this data to apply in this case arc- 
over of the under oil end of the bushing should take place at 


about 25 Хх 23 = 92 kv. effective. 


It will be observed from these calculations that the air and 
under-oil ends are about equally strong. Before the tests were 
made it was therefore doubtful which end would arc-over first 
as the calculations are necessarily only approximate, since we 
have not actually followed the equipotential surfaces of the 
diagram. 
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Sixty Cycle Dry Arc-Over Tests 
These tests were made with the plane grounded: 


Arc over уоһаре..................... 86 kv. effective 
Average gradient along surface........ 5.7 kv. per cm. 


Arc-over took place clear of the surface from the cap to the 
plane. Upon applying the voltage for the third time the bushing 
apparently punctured either inside of the shell or under oil at 
76 kv. effective. Inspection did not indicate an under-oil arc- 
over and therefore the bushing had to be taken to pieces in order 
to determine the cause of failure. This process necessitated 
destroying the bushing as it is difficult to get the compound out 
in any other way. The investigation showed that the result of 
failure was due to an arc-over of the bushing on the air end along 
the inside surface of the containing shell. A large blister about 
116 in. (4 cm.) long was found at this point which had held the 
compound away from the surface and thus left an air pocket 
which weakened the inside surface and resulted in the failure. 

I was disappointed not to be able to obtain wet arc-over, 
impulse arc-over and under oil arc-over, but did not believe that 
these results would warrant rebuilding a bushing of this sort for 
it is quite certain that the results would be low, for the same 

reasons which were met with in the tests on the high-air-efficiency 
bushing and from which it was concluded that a more nearly 
radial type of field is generally desirable in practise. 

A reference to Fig. 10, will show that in the radial-field 
type of bushing the natural equipotential surfaces are ap- 
proximately cylindrical in form and therefore it will be 
impossible to produce any considerable change in the potential 
distribution by means of cylindrical artificial equipotential sur- 
faces, unless they extend to a great distance in the air end, or 
unless a cap or hat, or the equivalent, is provided on the under- 
oil end, which changes the natural equipotential surfaces from 
the cylindrical form, and therefore, allows us to bring about a 
change in potential distribution by inserting cylindrical artificial 
equipotential surfaces. That is, if our inserted metal equipoten- 
tial surfaces do not differ in form from the naturally existing 
equipotential surfaces no effect in the potential distribution 
results from their insertion, regardless of number, spacing, etc. 
It is, therefore, useless to employ them unless they produce an 
effective increase in the apparent strength of the solid or support- 

ing dielectric by virtue of a subdivision of the dielectric into 
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elements. The following preliminary tests were, therefore, 
undertaken to check up this point. 


EFFECT OF BARRIERS ON STRENGTH OF INSULATION 


It is well known that the strength of dielectrics decrease with 
increase in thickness. I believe that Lord Kelvin was the first 
to observe this effect for the case of air?’ in 1860. 

For example, assume that we have two parallel plane elec- 
trodes with such a gradual curvature at the edges that the 
gradient is always less at the edges than that in the uniform 
part of the field. If we then take measurements of the voltage 
required to breakdown various thicknesses of air, we find that 
the apparent strength of air as determined by the potential 
gradient necessary to cause breakdown decreases as we increase 
the spacing of the planes. At exceedingly small spacings the 
potential gradient required to produce breakdown may be very 
great, for example, tests recently made by Е. W. Peek, Jr., using 
2.54 cm. diam. spheres at 0.0035 cm. spacing gave as the dis- 
ruptive gradient 150 kv. effective per cm. As we increase the 
spacing the breakdown gradient for air apparently approaches a 
constant value of approximately 21 kv. effective per cm. at 
normal temperature and pressure. 

De La Rue and Miller investigated this effect? for various 
spacings of parallel plane electrodes at constant pressure and 
temperature as well as the variation under constant spacing and 
varying pressure and concluded that, “Тһе law of the hyperbola 
holds equally well for a constant pressure and varying distance 
as it does for a constant distance and varying pressure; the 
obstacle in the way of a discharge being as the number of mole- 
cules intervening between the terminals up to a certain point." 
Harris? had previously found that a change in air density pro- 


24. Measurement of the electromotive force required to produce a 
spark in air between parallel metal plates at different distances.  Pro- 
ceedings Royal Society, Feb. 23 and April 12, 1860, or Philosophical 
Magazine, 1860, or Papers on Electrostatics and Magnetism, p. 247-259 
Lord Kelvin. Ап account of these tests will also be found in, Electricity 
in Gases, J. S. Townsend, p. 346. 

28. Law of Corona and Dielectric Strength of Air, III., F. W. Peek, 
Jr., A. I. E. E., TRANs., 1913, Vol. XXXII, Part II, p. 1767. 

29. Experimental Researches on the Electric Discharge with the 
Chloride of Silver Battery. Phil. Trans. Royal Society, Part I, 1880, 
p. 79-83. 

30. W. S. Harris, Phil. Trans. Royal бос 1834, р. 280. 
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duced the same effect whether due to temperáture or pressure, 
that is, when air is contained in an air-tight receiver, so that the 
density remains constant the potential difference between two 
electrodes required to produce a discharge was unaltered when 
the temperature varied from 50 deg. fahr. to 300 deg. fahr. | 

If we immersed our electrodes in oil we would obtain a similarly 
shaped curve showing the relation between the disruptive 
gradient and spacing. Тһе constants in the equations for air 
and oil would probably, however, be different. Again if we 
imagine our parallel plane electrodes embedded in some solid 
dielectric, for example glass, we would obtain a similarly shaped 
curve. For very great and very small spacings it is quite possible 
that all materials have the same apparent strength. 

Now, if we assume that our dielectric is homogeneous and 
isotropic and is a perfect dielectric in every respect (no conduc- 
tion, dielectric losses, etc.,) the equipotential surfaces for equal 
differences of potential would be equally spaced between our 
parallel planes. If we desired we could put in infinitely thin 
conducting sheets at any desired intervals without in any way 
changing the problem from a purely electrostatic point of view. 
For convenience we could space them at equal intervals so that 
the dielectric between any two adjacent metal equipotential 
surfaces between the planes was subjected to the same potential 
gradient. If we wished we could also metallically connect the 
inserted metal sheets to equal intervals on a balancing resistance 
shunted across our parallel plane electrodes, that is, connect the 
equipotential surfaces to a source of potential having the value 
naturally existing. Obviously nothing has been changed elec- 
trostatically by any of these processes and therefore it 1s evident 
that we can confine our attention to the dielectric included 
between any two equipotential surfaces, and if we now raise the 
potential between our parallel plane electrodes the potential 
gradient on the dielectric between the two equipotential surfaces 
which we have selected to watch will increase until finally break- 
down will occur when the gradient exceeds a certain value called 
the strength of the material. It is observed that nothing has 
been said about the actual thickness of the section of the dielec- 
tric between our two metal equipotential surfaces under observa- 
tion. Inother words, we might in one case insert a great number 
of equipotential surfaces dividing the dielectric into exceedingly 
thin layers and in another case use fewer metallic surfaces and 
have thicker insulation under observation. When considering 
ideal dielectrics from a purely electrostatic point of view, as here 
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described, I think that it 1s clear that the actual thickness of the 
dielectric should have no influence upon the breakdown strength. 
For it should not make any difference whether we inserted 
isolated thin metal equipotential surfaces or left them out or 
inserted them and connected them to a proper source of potential. 
Nothing that we could detect from a purely electrostatic view 
point has been changed. It is also interesting to observe that a 
uniform leakage current should not affect these conclusions 
provided the heating effects were taken care of, since the equipo- 
tential surfaces for current flow would coincide with the elec- 
trostatic equipotential surfaces and no potential distortion would 
result. 

The fact that we observe a difference 
in the apparent strength of dielectrics 
with different thicknesses, which 15 
contrary to the ‘above electrostatic 
reasoning, based on the assumption that 
the metal equipotential surfaces could 
be inserted without changing the break- 
down strength, makes it interesting to 
determine what does take place іп 
practise when a dielectric is divided up 
in this manner. Obviously when we con- 
sider the case of the metallic equi- 
potential surfaces connected to the 
proper sources of potential, the break- 
down strength must be the same for a given spacing between 
the surfaces or thickness of dielectric, no matter how many 
are connected in series, or what is the same thing, regard- 
less of the total thickness of insulation under test, for each 
element forms a separate test piece isolated between the two 
metal surfaces and connected to a definite potential. The inter- 
esting thing therefore is a comparison of the dielectric strength 
of a given thickness of insulation with and without isolated 
metallic barriers placed at various spacings. 

I am sorry that the experimental results, which I have to 
offer, are so crude and incomplete, but if they will serve the pur- 
pose of starting some one on a more complete investigation of 
this subject I will regard them as having served a good purpose. 
I believe that a complete investigation of this subject would 
lead to a great deal better understanding of the true mechanism 
of the breakdown of insulations, or the theory of ionization by 
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collision which of course offers a qualitative explanation of the 
phenomena. | | 


TESTS TO DETERMINE THE EFFECT OF BARRIERS ON SOLID AND 
GASEOUS INSULATION UNDER UNIFORM FIELD CONDITIONS 


The first set of tests recorded below in Table I were made on 
sheets of oiled pressboard 1/16 in. (0.16 cm.) thick. The barriers 
and pressboard were sealed together under No. 6 transil oil and 
then placed between the parallel plane electrodes as shown in 
Fig. 31, the whole then being immersed under No. 6 transil oil 
at 25 deg. cent. for test. 

The object of using solid metal barriers and comparing their 
effect with wire-gauze barriers was to see whether the mean 
velocity of the particles or ions in the solid dielectric, which 
must precede rupture, was sufficiently high to allow an appre- 
ciable number, to pass through the openings in the gauze, 
whereas they should all be stopped by a metal sheet. Elec- 
trostatically the gauze should not be essentially different from 
the solid metal sheet. 


TABLE I 


Instantaneous 60-cycle puncture tests in No. 6 transil oil at 25 deg. cent. on dried 1/16 in. 
oiled pressboard. The average of 5 readings are given. A maximum variation of = 2 kv. 
z existed between individual raedings. 


No. of sheets 60-cycle puncture Average gradient Number of isolated 
of pressboard each kv. effective kv. eff. per cm. barriers. 
0.16 cm. thick 
1 445.0 no barriers 
2 355.0 “ g 
3 345.0 “ " 
2 368.0 1 tin barrier 
2 390.0 Fine copper gauze 
2 380.0 Coarse copper gauze 


The points of puncture were well distributed over the surface 
of the insulation and in no cases occurred at the edge of the 
barriers. Contrary to the expectation the gauze barrier seems 
to be more effective than the tin barrier but the tests are so 
fragmentary that conclusions are not safely drawn. If, we 
attempted to use larger thicknesses arc-over occurred around the 
edge of the pressboard before puncture. А more satisfactory 
method of test was, therefore, sought. The method decided upon 
consisted in setting up a series of parallel plane electrodes as 
shown 1n Fig. 32, the sheet insulation being placed between the 
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several electrodes in series. Thus, each pair of electrodes which 
are connected together may be considered as a barrier. It is also 
possible, under these conditions, to have the barriers 1solated or 
connected across a proper balancing resistance. Ап additional 
barrier can be placed midway between each pair of electrodes 
without fear of distorting the field. 


A great difficulty with this method is the unbalancing of stress 
which the capacity or electrostatic flux to ground of the various 
electrodes will introduce. It was hoped that possibly this effect 
would not be appreciable when using fairly high inductive 
capacity material for the tests, as the capacity between the 


Air Gap Parallel Plates 
r R R R R d 


Balanced Water Tube Resistances 
To Transformer 


R- Balancing Resistance 
r--Protective Resistance 


Hic. 33 


electrodes proper would then be large in comparison with that to 
ground. A few tests made with one end of the series grounded 
and compared with the case in which the electrodes were isolated, 
in which case the neutral or ground potential would be in the 
middle of the series, shows a rather large effect which means that 
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the isolated tests are subject to voltage distortion from this cause 
though to a less extent than when one end was grounded. 

Fig. 32 shows the arrangement of barriers and insulation for 
four and eight isolated barriers respectively. When it was desired 
to metallically connect the barriers to the proper potential, water 
tube resistances were used of such a value as to allow 7 to 10 
times the capacity current to flow (see Fig. 33). The maximum 
variation of the individual resistance tubes was about 2 per cent. 
The apparatus was placed at about 42 in. above the floor of the 
room and the gap line parallel to the ground. Тһе tests were 
made in No. 6 transil oil (40 kv. flat electrodes 0.2 in. (0.51 cm.) 
gap, 0.5 in. (1.27 cm.) diameter) at 25 deg. cent. 

The insulation used was 12 mil black varnished cambric the 
individual sheets being sealed to each other under oil. When the 
balancing or shunted resistance was connected the voltage 
readings were corrected for the drop in the protecting resistances. 
The results are tabulated in Table II. 


TABLE II 


Instantaneous 60-cycle tests on 12- mil black varnished cambric immersed in No. 6 transil 
oil at 25 deg. cent. Terminals 4 in. plane with 2 in. radius at edge. Individual readings 
differed by = 1 kv. 

Variation of Insulation Strength with thickness or number of layers. 
Average of five readings 


Using one pair of planes 


Kv. per cm. 
effective 


Total thickness 60-cycle kv. 
insulation cm. effective 


No. of sheets 


OQ» о» 


к 


Data repeated using four pair of planes connected in parallel to obtain the effective 


strength when larger areas are used and therefore greater chances for weak spots. 


Average of two readings. 


1 0.031 14.7 482.0 
2 0.061 28.5 451.0 
4 0.122 51.3 421.0 
8 0. 244 91.7 376.0 
16 0.488 136.5 280.0 
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Effect of Isolated Barriers on Puncture Strength of Insulation. 


One End 
Total Thickness ‘Non-Grounded G;ounded 
thickness between | ---------------- 
Condition | insulation barriers 
of test under cm, Puncture|Kv./cm. | Kv./cm. |Puncture| Kv./cm. 
test cm., kv. eff. roughly 
corrected 


2 sheets be- 
tween each of 0.244 0.061 106.8 | 438.0 521.0 355.0 
4 planes in 
series 
1 sheet be- 
tween each of 0.244 0.031 105.8 434.0 516.0 
8 barriers in 
series 
4 sheets be- 
tween each of 0.488 0.122 168.5 345.0 411.0 
4 barriers in 
series. 
Effect of Barriers when Shunted by 
High Resistance on the Puncture Strength 
of Sheet Insulation 
2 sheets be- 
tween each of 0.244 0.061 112.6 462.0 433.0 98.1 403.0 


4 barriers in 
series. Each 
unit shunted 
by 8 X 105 
ohms. 


1 sheet be- 
tween each of 0.244 0.031 110.0 452.0 
8 barriers in 
series. Each 
unit shunted 
4 X 105 ohms 


4 sheets be- 
tween each of 0.488 0.122 195.8 402.0 
4 barriers in 
series. Each 
unit shunted 
8 Х 105 ohms 


In order to obtain an estimate of the unbalancing due to the 
capacity of the parallel planes to ground in this method of deter- 
mining the effect of barriers on the strength of insulation the 
following tests were carried out using air as the dielectric. Two 
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sets of tests were tried, the first using 16 in. (1.27 cm.) spacing 
between the individual planes and for the second 14 1n.(0.635 cm.) 
gap was used. The gaps between the individual pairs of planes 
were set as accurately as feasible and individual spark-over read- 
ings taken non-grounded and with one end grounded. The gaps 
were then all connected in multiple to check the strength of this 
combination as compared with the weakest gap. After doing | 
this they were connected in series and arc-over taken both 
grounded and isolated with and without shunted balancing 
resistance. А summary of the data is given in Table III. 

From other sources we know that the strength of air for large 
spacings ($. e., 2 in. ог 5.1 cm.) between parallel planes is about 
21 kv. eff. per cm. Whereas these data show an average of 18.1 
kv. eff. per cm. when the tests were made nongrounded and 14.2 
kv. eff. per cm. for the grounded case. That is, when using air 
as our dielectric with this arrangement we have an increase in 


stress of 1 — = = 14 per cent brought about by unbalance of 


voltage due to capacity to ground, etc. When operating with 


one side grounded we have 1 — CM 32 per cent or approxi- 


mately twice the ill effect. 2 

This immediately gives us a rough method of correcting the 
previous tests for this unbalancing effect where no balancing 
resistance was used. We may write the following from the data, 
given in the table for 1solated barriers. 


4 | ; 
1-- 225 = per cent apparent decrease іп strength of insulation 
* assumed due to capacity to ground for the non- 
grounded tests. 
355 | 
1 — — = percent apparent decrease іп strength of insulation 
Ж for grounded tests. 
Where 
X = assumed true strength of the material. 


If we further assume that the apparent decrease for the grounded 
tests 16 twice the decrease for the non-grounded tests as shown to 
be approximately the case in air, we can write 


-%)-(-%) 


x = 521 assumed true strength of the material. 


TABLE III 
34-Їмсн САР 
Relative Humidity 40 per cent. Bar. 76 cm. Temp. 25 deg. cent. 


Non-Grounded 
Condition of test 


60-cycle Kv. /cm. 
kv. eff. eff. 
Gap 1 йіп. 26.3 
2 26.3 
3 26.5 
4 26.4 
Ave. 26.4 20.8 
Four gaps in multiple.. 26.3 20.7 
Four gaps in series. 87.5 17.2 
Four gaps in series 
each shunted by 
7 х 108 ohms...... 106.0 20.8 


: %-ІГмсн САР 
Temp. 20 deg. cent. Bar.76 cm. = 1.00 


Non-Grounded Grounded 
Condition of test Урмж | —————————————— 
60-cycle Kv./cm. 60-cycle Kv./cm. 
kv. eff. eff. kv. eff. eff. 
Gap 1 ціп. 13.9 22.0 
2 14.1 22.2 
3 13.8 21.8 
4 13.9 22.0 14.0 22.1 
Average 13.9 22.0 
Four gaps in multiple 
(arc-over No. 3)... 13.8 21.8 
Four gaps in series. 48.5 19.0 38.0 15.0 
Four gaps in series 
each shunted by 
8.5 X 10° ohms with 
1.4 X 105 protec- 
tive resistance..... 52.0 | 20.5 51.0 20.1 


Averaging the data for 29 in. and 34 in. spacings. 


Four gaps in multiple 21.2 
Four gaps in series. 18.1 14.2 
Four gaps in series 


each shunted by 
resistance......... 20.7 20.4 
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The strength as indicated from the tests was 438 kv. effective per 
cm. or only 84 per cent of the value obtained after applying this 
rough method of correction. Ihave also applied the same correc- 
tion factor to the rest of the values in this part of the table. We 
might consider the corrected column as an upper limit and the 
data as observed from test as a lower limit to the true value. In 
that case the average of these two columns would give another 
estimate of the strength as affected by barriers. 

When considering the tests using air dielectric in which bal- 
ancing resistances were used we see that the stress due to capacity 
to ground is practically eliminated. It should also be noted 
from these tests that there is no appreciable increase in stress 
analogous to that which has been discussed for the case of 
two spheres in space where it was seen that even though 
there is no potential unbalance between the spheres, there is 
nevertheless considerable increase in stress when one sphere is at 
zero potential and the other at a given high potential, over the 
case in which they are both isolated and have the same difference 
of potential between them. 

Therefore, it would seem that the best method of estimating 
the true strength of the insulation when balancing resistances 
are used is to average directly the non-grounded tests with the 
grounded tests. Тһе data obtained is not sufficiently exten- 
sive to enable us to see whether there is a real difference between 
these two cases or not. 


TABLE IV 
AVERAGE OF DATA 


Thickness Thickness Average strength Strength of 
of insulation of insulation of material material with 
No barriers. bet ween barriers. No barriers. barriers average 
cim. cm. Kv. eff./cm. isolated and shunted 
kv. eff. /cm.| 
0.031 0.031 511 467 
0.061 0.061. 466 464 
0.122 0.122 422 386 


In conclusion it appears probable from a theoretical point of 
view that the strength of insulation under uniform field condi- 
tions is the same whether the barriers are isolated or connected 
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metallically to the proper sources of potential and also that the 
strength merely depends upon the thickness of the material 
between the barriers. The averages, as given in the above 
table, do not warrant the above conclusions, but I am inclined 
to believe that the discrepancy is due to insufficient data and 
errors in the method. I hope, therefore, that someone will 
take up the subject and make a careful study of this important 
theoretical and also practical problem. 

Another interesting question would be to determine the 
limiting value of the electrostatic flux density which would 
result in excessive heating, and therefore, breakdown irrespec- 
tive of the so-called “instantaneous strength’ of the structure. 
Тһе effect of metal barriers in distributing the heating, eddy- 
current losses in the metal barriers due to electromagnetic flux 
accompanying the charging current, etc., would also be of т- 
terest. 


GENERAL DISCUSSION OF THE PROBLEM or HIGH VOLTAGE- 
BusHING DESIGN 


So far we have considered the problem of high-voltage-bushing 
design mainly from an ideal and purely electrostatic point of 
view, that is, we have greatly simplified the problem by assum- 
ing ideal or perfect dielectrics and a constant or static condi- 
tion of the equipotential surfaces. These conditions do not 
however, actually exist in practise, and therefore, the effects 
brought about by rain, dirt, snow, steep wave front impulses 
must be considered in a complete theory of the correct and 
most effcient design. 

_ For example, under rain conditions the equipotential surfaces 
are in a general cónstantly changing and will be different from 
the dry condition. There is probably also a certain space ог 
volume charge effect due to the rain drops becoming charged 
from contact with the high potential electrodes and then fall- 
ing in the vicinity of the bushing to the grounded electrode. 
Furthermore, a considerable change in the electrostatic field 
may be brought about by an effective increase in the permit- 
tivity of the air part of the dielectric due to the presence of 
«ша! тай drops. Тһе problem is further complicated by the 
presence of conduction over wet or dirty surfaces with the 
consequent change in the potential distribution as well as the 
possibility of an arc-over resulting from what might be called 
fuse action that is, the conducting material may become over- 


е 
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heated by conduction and blow like a fuse and thus precipitate 
an arc-over along the path of the hot gases. 

There are a great many other disturbing factors and possi- 
bilities which have not been mentioned, but I believe that the 
above are sufficient to show the multitude of factors over which 
the designer can have no control and which, therefore, must be in- 
cluded in the theoretically correct and most efficient bushing 
design. 

We have already observed the large surface effect which 
exists even with relatively clean dry surfaces, also the change 
in the dielectric strength of materials when subdivided into 
thin layers by metal barriers апа probably, to some extent, 
merely by laminating the material. 

It might appear from what has been said about the complexity 
of the problem that it is beyond the power of analysis to try to 
obtain a complete theory of bushing design. Strictly speaking, 
I believe that this is the case, nevertheless, I believe that the 
incomplete theory which we have is of great value in determin- 
ing the proper lines along which to experiment. 

We wil now briefly describe the construction and tests on 
a series of small experimental bushings which were built for the 
purpose of determing the rain and dry characteristics of va- 
rious types. 

The object was to determine the general type of bushing 
which would best'meet the following conditions. 

I. Rain and dry arc-over should have as nearly as possible 
the same value. 

II. The arc-over of the under-oil end should be consider- 
ably above either the rain or dry-air end arc-over. 

III. Puncture should occur considerably above the under- 
oil arc-over. 

IV. The impulse safety factor or ratio should be as high as 
.possible, both under wet and dry conditions and application 
of a large number of impulses should not result in puncture. 

The materials used in the construction of these bushings were 
selected from the point of view of ease of construction and al- 
terations. The caps used on the air and oil ends were turned 
up of wood and metal covered by the Schoop metal spraying 
process. After completing the tests with a certain shape of 
cap it could be put іп a lathe and altered in the desired manner 
and then re-metallized. • Hard rubber was selected as the mate- 
rial for the core since it can be readily machined to any desired 
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form; for example, the necessary protection of the edges of the 
ground shield was easily obtained (see Fig. 34). This material 
also has other desirable qualities such as homogeneity, high 
dielectric strength, small surface effect. 

A single glass tube was used for the containing shell in order to 
eliminate the difficulty of making oil tight joints. Theonly joints 
being that at the lower cap which was satisfactorily sealed with 
ceresine. А glass seal was provided by which connection was 
easily made between the ground shield and the tin disc which 
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represents the transformer tank cover. For convenience, a 
transparent Russian mineral oil was used as filler. During 
tests the under-oil end was placed in a 5-gallon tin can filled 
with oil, having dimensions 9 in. by 9 in. by 14 in. high. АП 
tests were made at 60 cycles and with the tin can and tin 
disc connected together and grounded. 


Determinatoin of Puncture and Under-Oil. Arc-Over 


This series of tests were made to determine the under-oil 
and puncture characteristics of the bushings. 
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Bushing No. 1. А bushing was built up as shown to scale 
in Fig. 34. The joints between the glass containing cylin- 
der and the metal caps were shielded by the grooves as 
shown. Тһе joint between the hard-rubber core and сар on the 
under-oil end was likewise protected. Тһе electrostatic field of 
the under-oil end is practically of the uniform-field type (Fig. 14), 
the desirability of which has been pointed out. "The air end 1s 
essentially the radial-field type. 

In test this bushing punctured at 65 kv. effective at the point 
shown in Fig. 34. After sawing the core open longitudinally, 
inspection showed that the hole had not been smoothly drilled 
which may have accounted for the puncture, as the space thus 
left between the rod and core may not have been properly filled 
with oil. 

Bushing No. 2. (See Fig. 35). Тһе core was increased to 116 
in. (8.8 cm.) external diameter so as to insure a safe margin 
against puncture. As an additional precaution a brass tube 
closed at the bottom end and having small holes drilled radially 
at intervals inside the core was used in place of the brass rod used 
in Bushing No. 1. The object: being to enable oil poured in at 
the top of the tube to fill up any irregularities resulting from 
imperfect fit between the core and central rod. 

In test this bushing arced over along the surface of the hard 
rubber and jumped to the inner guard ring on the cap at 94 kv. 
effective. Small chips were taken out of the rubber at the point 
shown in Fig. No. 35, apparently where the surface arc turned 
to jurhp to the guard ring. 

Bushing No. 2-A. Bushing No. 2 was disassembled and the 
inner guard ring cut down to the shape shown by the dotted lines 
in Fig. 35. In assembly the core was inverted putting the 
damaged part toward the air end of the bushing, bringing the 
new end under test. 

Arc-over occurred over the surface of the hard rubber core on 
the under-oil end without pitting the surface at 93.5 kv. effective. 
The voltage was then brought up again and arc-over occurred 
over the surface of the hard-rubber core on the air end to the 
previously damaged spots and there punctured to the rod at 82.5 
kv. 

Bushing No. 3. (See Fig. 36). The hard-rubber core, which 
had been damaged by the previous tests, was turned down to 
the form shown in Fig. 36, thereby removing the damaged 
material. 'The under-oil end cap was also altered to a form 
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approximately as shown.  Practically the only electrostatic 
change made by this alteration was to somewhat reduce the 
shielding effect of the cap on the hard rubber core. The air end 
was also materially shortened. 

This bushing arced-over the air end at 81 kv. Upon bringing 
up the voltage a second time arc-over occurred over the surface 
of the hard-rubber core on the under-oil end without damaging 
the core at 86.5 kv. effective. 
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Determination of the Аи-Епа С haracteristics 
Having secured a fairly efficient and satisfactory under oil end 
the work was then directed towards a study of the rain and dry 
characteristics of various air-end combinations. 
Further Tests on Bushing No. 3. (See Fig. 36.)Temp. 24 deg. 
cent. Barometer 76 cm. Humidity 57 per cent. 


Bushing Dry 
Corona visible air end near ground shield.......... 41 kv. 
Corona visible on cap of air еп4.................. 59 kv. 
Bushing outlined air епа......................... 87 kv. 


Arc-over was not taken. 
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Rain about 0.2 in. per minute at 45 deg. 


Corona starts top and Бойот.................... 10 kv. 
First 5{гтеаїпег&................................. 16 Ку. 
Whole tube опШпейа............................ 20 kv. 
оО S ысы ud ntes arnica o Qu aod whe bared 52 kv. 


This bushing is obviously unsatisfactory because of the low 
corona starting points both wet and dry and the very low rain 
агс-оуег. 

Bushing No. 4. (See Fig. 37). This bushing was similar to No. 
3 except that the metal cap at the top was replaced by a rubber 
stopper covered with paraffine. The object being to make the 
field on the air end as nearly radial as possible. 


Summary of Tests on Bushing No. 4 
Temp. 23.5 deg. cent. Barometer 76 cm. Hum. 50 per cent. 
Bushing Dry 


Corona starts near ground shield................. 39 kv 
Corona at top and Бойот....................... 60 kv. 
Voltage raised without arc-over іо................ 85 kv. 
Rain Test about 0.2 in. per minute 45 deg. 
Corona starts top and bottom.................... 15 kv. 
Tube ол пей ..................... M 17 kv. 
Vicious streamers over ѕигѓасе.................... 34 kv. 
ДТС ОЎО beau dos uada ad ГС d ioa pte dug 57 kv. 
Arc-over (paraffine гетоуей)..................... 99 kv. 


This bushing is unsatisfactory for the same reasons as stated 
for No. 3. | 


Bushing No. 5. (See Fig. 38). This bushing was exactly 
similar to No. 4 except that the internal brass shield was added 
as shown in Fig. 38. The object of adding this element was to 
somewhat relieve the stress on the rubber stopper and paraffine 
and to throw it away from the rod at the top of the bushing. 


Summary of Fests on Bushing No. 5 
Temp. 23.5 deg. cent. Barometer 76cm. Hum. 50 per cent. 
Bushing Dry | 


Corona starts at ground внега.................... 32 kv. 

Corona top and Боёёот......................... 68 kv. 

Voltage raised without arc-over %0................ 80 kv. 
Rain Test about 0.2 in per minute 45 deg. 

Corona starts top and Бойот.................... 18 kv. 

АТОМЕ арман ы Ее eee 42 kv. 


This bushing 1s obviously unsatisfactory. 
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Bushing No. 6. (See Fig. 39). This bushing was constructed 
as shown in Fig. 39. 'The air end was shortened and the glass 
tube drawn down so as to get rid of the rubber stopper and 
paraffine, which gave trouble in the previous two bushings by 
carbonization and burning. Тһе internal shield shown was used 
for the same reasons as in Bushing No. 5. 

Summary of Tests on Bushing No. 6. 
Bushing Dry 
Corona starts at ground shield and extends up the 


surface of glass ёцђе.......................... 50 kv. 
Corona appears opposite guard ring on the airend... 77 kv. 
ВОО cin nd dba OR UE RR P dra od acd e OR 79 kv. 

Rain Test about 0.2 іп. per minute 45 deg. 

Corona starts at top near tin foil................. 5 kv. 
Corona streamers run out from tin foil over the glass 

SUP ACC ets ae ict ии 10 kv. 
Bushing оцбїпеа............................... 12 Ку. 
WNT C-“OV T масы uw sua ios ee Vee ba iie bed 36 kv. 


Bushing No. 6-А. А metal cone similar to that shown in Fig. 
41 was slipped over the top of bushing No. 6 and the following 
results obtained. 

Bushing Dry 


Corona on surface of glass opposite guard ring...... 30 kv. 

Bushing ой Ппей............................... 60 kv. 

ATOV ed uides Se pie ады Мықты шын 78 kv. 
Rain Tests approximately 0.2 in. per minute 45 deg. 

Corona starts at edge of metal сопе............... 14 kv. 

Bushing оиИшей................... ТИЧУ 20 kv. 

IAT COV Cle озы аты ee a алы ee 29 kv. 


These bushings No. 6 and No. 6-A, are seen to be unsatisfac- 
tory from the point of view of corona starting point and wet 
arc-over. 

Bushing No.7. (See Fig. 40). The previous tests showed the 
necessity of breaking up the flow of water which adheres to the 
smooth glass surface and thereby produces great field distortion, 
or a sort of short circuit, or conducting sheet over the bushing. 
In order to accomplish this result the usual method of adding 
petticoats was resorted to. These were made by belling out 
glass tubing as will be seen from the figures. The petticoats were 
then slipped over the glass shell and the intervening space filled 
in with ceresine. In other respects, the bushing was exactly 
similar to No. 6. 
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From an electrostatic point of view, it will be observed that in 
the radial-field type of bushing the corrugations approximately 
coincide with the direction of the flux lines. Therefore, the 
potential gradient is along the surface of the corrugations and 
will tend to break down any surface layer of dust or dirt. For 
this reason it would appear that their effectiveness is somewhat 
limited. We may further observe from Fig. 9 that when dry the 
presence of the corrugations will not appreciably affect the field 
distribution in this type of bushing, except those which are close 
to the tank. In this latter case they are seen to introduce an 
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appreciable percentage of high inductive capacity material in 
series with the air. Therefore, if petticoats of this kind are used 
it may be best not to extend them too near the tank. 

In the uniform-field type of bushing it will be observed that 
the petticoats introduce high inductive capacity material in 
series with the air (except in case of a vacuum bushing). This 
means that when dry the stress on the air will be increased by 
their addition. The surfaces of the corrugations will lie prac- 
tically along the equipotential surfaces; hence, an accumulation 
of dust, water, etc., would not result in so great a field distortion. 
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Summary of Tests on Bushing No. 7. 
Humidity 60 per cent. Barometer 76 cm. Temp. 24 deg. cent. 
Bushing Dry | 


Corona on tin-foil at top of bushing............... 24 kv. 

Corona near ground shield. ............... ..... 38 kv. 

Bushing ой пей............................... 60 kv. 

Streamers over the entire surface of glass.......... 70 kv. 
Rain Tests approximately 0.2 in. per minute 45 deg. 

Corona on tin-foil at Фор......................... 26 kv. 

Corona on edge of upper petticoat................ 34 kv. 
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Fic. 40 Fic. 41 
Corona near ground ѕһћеіа....................... 50 kv 
Corona streamers over surface..... еро ОЛКУ 
АТССОТЕРЫ лана қалма ақан ыы ашады қамдана 75 kv. 


It will be observed that the addition of the petticoats has 
greatly improved the wet arc-over of the bushing. 

Bushing No. 8. (See Fig. 41 and Fig. 42). This bushing is 
identical to No. 7 except that the spun copper cone was added in 
order to act as rain shed and thereby eliminate the formation of 
streamers which went out over the top surface of the glass in the 
previous bushing No. 7. 
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oummary of Tests on Bushing No. 8. 
Humidity 60 per cent. Barometer 76 cm. Temp. 24 deg. cent. 


Dry Tests 
Corona near ground shield....................... 46 kv. 
APC-OVOE лс х dup ео аон 69 kv. 
Rain Test approximately 0.2 in. per minute at 45 deg. 
Corona on edge of cone and near ground shield..... 36 kv. 
Bushing ой пей............................... 43 kv. 
AT COVER ыда еке тыда клише рй жаы 69 kv. 


This bushing is seen to be quite satisfactory from the point of 
view of wet and dry arc. 

Bushing No. 9. (See Figs. 48 and 44). For this bushing a new 
core and caps were turned up as shown in Fig. 43; also an idea 
of the appearance can be obtained from Fig. 44 which is of a 
similar bushing. The air and oil ends were made identical except 
for the addition of petticoats to the air end. The method of 
assembly of the petticoats previouslv used namely to fill the 
space between the petticoats and glass shell with ceresine was 
given up. Instead the individual petticoats were cemented 
together with a sealing wax composition. The resulting petticoat 
shell was slipped over the inner containing glass cylinder and the 
space filled with a viscous compound. This made a more satis- 
factory scheme for assembly and disassembly. 


Summary of Tests on Bushing No. 9 


Temp. 24 deg. cent. Barometer 76 cm. Humidity 60 per cent. 
60-cvcle Tests 


Bushing Dry 
Corona on edge of upper сар................. ol + 2 kv. 
ОЕ eb dari bari Dara does ыы Ge te 59 + 2 kv. 
Rain Test approximately 0.2 in. per minute 45 deg. 
Corona on edge of upper сар................. 24 + 2 kv. 
Bushing ой пей........................... 42 + 4 Еу. 
Arc-over (clear of влгіасе)................... 48+ 5 kv. 
wet arc-over 
dry arc-over | UOI 
Impulse Tests 
200 kilocvcle “В” wave 
Bushing Dry 
Arc-over (1 out of 10 impulses).............. 99 kv. eff. 


“ 66 66 (6 ) 


аа 103 kv. eff. 


Arc-over (5 
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Rain Test 0.2 in. per minute 45 deg. 


Arc-over (1 out of 10 impulses).............. 93 kv. eff. 
Атсоуе (5b " “s цэ "OT TRO PCS 95.3 kv. eff. 
Impulse ratio or safety factor 
99 
Dry = 59 = 1.68 


| 93 
Кат «pe 1.93 
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Bushing No. 10. (See Figs. 45 and 46). This bushing was iden- 
tical to No. 9 except that the hard rubber core was moved down 
to the position shown in Fig. 45, thereby changing the type of 
field used on the upper part of the air end from the parallel field 
type to a more radial type. This bushing 1$ shown in the photo- 
graph Fig. 46. 

Summary of Tests on Bushing No. 10 
60-cycle Tests 
Bushing Dry 
Corona ОН edge of upper Cap. oasis oes VERA eA 54 + 4 kv. 
Arc-over (clear of өшізсе)...;.......2:....... 64 + 1 kv. 
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Rain Test approximately 0.2 in. per minute 45 deg. 


Bushing ой Ппей........................... 40 + 3 kv. 
Arc-over (clear of ѕитѓасе)................... 46 + 2 kv. 


wet arc-over | 0.72 
dry arc-over | 


Impulse Tests 
200 kilocycle “В” Wave 


Bushing Dry 
‚Агс-оуег (1 out of 10 impulses) РЕНТИ 111 kv. eff. 
Arc-over (5 “ 45 оо 114 kv. eff. 
Bushing Rain approximately 0.2 in. per minute at 45 deg. 
Arc-over (1 out of 10 impulses} "ERE 104 kv. eff. 
Агс-оуег (5 ^ “& Just ots tase ЫЗ 107.5 kv. eff. 
Impulse ratio or safety factor 
111 
Dry = 64 = 1.78 
.. 104 
Rain =: 26 — 2.26 


Of this series of bushings it appears that the general form 
shown in Figs. 43 to 46 best fulfills the various requirements 
-which an all around bushing has to meet. 
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APPENDIX 
MATHEMATICAL SOLUTION OF Two ELECTROSTATIC PROBLEMS 


It is not in general possible, by known mathematical methods, 
to obtain the solution of Laplace’s equation so as to fulfil ar- 
bitrarily given boundary conditions.*! If, however, we take the 
simplest conceivable electrode arrangement which would form 
the skeleton of a bushing we can obtain a mathematical solution 
for this case. The most simple electrode arrangement will be 
seen to be a fine wire passing perpendicularly through a hole in 
an infinite plane. The mathematical formulation of these 
skeleton electrodes can be obtained. Thus, for instance, we can 
formulate the equation of an infinite plane with a hole in its 
centre as the focal or limiting hyperboloid of revolution of one 
sheet. Тһе edge of the hole will be at the focus of the hyper- 
boloid. We can now formulate the equation of a fine wire 
passing perpendicularly through the centre of the hole in our 
plane. It will be represented by the other limiting confocal 
hyperboloid, that is, the one which degenerates into the axis of 
revolution of the confocal family. You will readily see that we 
have thus reduced the problem to finding the distribution of the 
electrostatic field between two confocal surfaces of the same fam- 
ily maintained at given potentials. In this case the equipoten- 
tial surfaces will be hyperboloids of revolution. 

We have thus reduced our problem to а form which can be 
treated quite simply mathematically and for which the form of 
the solution is known.? Here Maxwell states that the equipo- 
tential surfaces will be confocal hyperboloids of one sheet and 
the surfaces of flow will be the confocal oblate spheroids. 

The simplicity of the mathematical solution rests upoh a wise 
selection of the coordinates as it does in many other problems 
of this type. For example, in dealing with cylindrical distri- 
butions we would employ cylindrical co-ordinates; in spherical 
distributions we would use spherical co-ordinates. 

In this case where we have to deal with surfaces formed 
by the revolution of hyperbolas about their conjugate axis 
thus forming hyperboloids of one sheet; a system of cur- 

31. An extremely interesting discussion of this subject will be found 


in Maxwell's Electricity and Magnetism, Vol. I Chap. VII, page 175. 
32. See—Maxwell's Electricity and Magnetism, Vol. I, page 235. 
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vilinear co-ordinates of a proper form are made use of. Since 
most engineers are not very familiar with their meaning and use 
I have started from the beginning and gone through the develop- 
ment of the system of curvilinear co-ordinates which are used in 
solving our problem. This makes the work appear rather long 
and clumsy, but will, I believe, make the whole subject quite 
simple and clear, and is therefore justified. Assuming а famil- 
larity with the system of co-ordinates, the solution is exceed- 
ingly simple, in- fact it is practically as simple as the familiar 
solution for parallel wires at large spacing where the diameter 
of the wires is neglected. 


CURVILINEAR CO-ORDINATES; CONICOIDS OR QUADRIC SURFACES 


A surface whose equation is of the second degree in x, y and 
z, 1s called a quadric surface or conicoid. The sphere is a special 
case of such a surface. 

It 1$ possible, by a suitable transformation of co-ordinates, to 
reduce the general equation of the second degree in x, y, and z, 
namely; 

Ах? + By? + Cz + 2 Dyz + 2 Ezx + 2 Fey. 


+2Gx +2 Ну + 212 + К = 0 (1) 


to the following form in which the terms yz, sx and xy are all 
absent. That is, the equation can be put into the following 
simpler form; 


A'x? + By? + C'2 + 286'х +2 Н'у +218 + К' = 0 (9) 


If in this equation the constants А”, В’, С” аге all finite, we 
can further simplify it by making a change in the origin of 
co-ordinates and obtain an equation which when referred to its 
new axis 15 of the form 


Аз + B’y? + С'2 =D (3) 


The locus of this equation is evidently symmetrical with 
_ respect to each of the co-ordinate planes, and hence with respect 
to the origin. Such surfaces are therefore called central диа4 тс 
surfaces. 

We may now divide equation (3) through by D' and obtain 


x? у? 22 


pt p t = 1 (4) 
А’ 


D Dp 
В С’ 


Ч, 
! 

' 

ГЕ 
! 
2 
t 
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“Тіп (4) we substitute 


We have the familiar equation of a central quadric surface 
referred to, its principal axes, namely ;? 


2 2 2 
DE дын dri. ndr (5) 
а 


where ат, a» and аҙ тау be positive or negative. If they are all 
negative, the surface is imaginary. We will now consider the 
nature of the surfaces under the various other conditions. 

First. Suppose one of the constants ац, аз or аз is negative, 
while the remaining two are positive. 


Thus, let аҙ = — c? 
while a, = a? 
ag = 52 


Also assume that, а, is numerically greater than b, and, 0, 
greater than c, 
Or а> В >с 


Substituting these values іп (5) we obtain 


2 2 2 
= » Ед (6) 


ad Ы e 
This particular central quadric surface will be recognized to be 
that of a hyperboloid of one sheet with conjugate axis along the 
2 axis. 

This can be seen by considering the shape of the plane curves 
which results as the intersection of this solid figure with the 
reference planes, or what are generally called the principal 
sections of the surface. First take the X-Y plane, that is, the 
plane whose equation is 2 = 0. Substituting this value in (6) 
we obtain. 

x? 2 
rob EE 


33. Proofs of the statements made above may be found in any good 
book on Solid Analytic Geometry, for example; Solid Geometry Бу 
Charles Smith,—Macmillan апа Company. 
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That 15, the surface 1$ cut by the X-Y plane іп the ellipse showe 
semi-axes area and b. "The foci are at a distance from the origin. 
= Ма-Ы- Ма – аз 


which is seen by inspection from Fig. 1. 


06 Minor Axis - 


-------- 2a Major Axis т 


Fic. 1— ELLIPSE 


The section cut out by the Z-X plane (y = 0) is seen to be 
the hyperbola 


2с Conjugate Axis ң 
E 


a амын E 
b: Transverse Axis К 


Fic. 2--НүҮРЕКВОГА 


with semi-axes а апа c. Тһе foci are at the distance 
= Ма+&= Уа- аз 


оп the X axis which can be seen by inspection from the values 
of the various quantities as given in Fig. 2. 
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The section by the Y-Z plane (x — 0) is the hyperbola 


> 57 1 


с n 
with semi-axes b and c and foci at the distance 
dax uem c 


on the Y axis. 
Thus the surface defined by equation (6) is seen to be a hy- 
perboloid of one sheet with the conjugate axis on the Z axis. 
If 1n the above equation (6) we let 
а = b the section of the surface by any 
plane parallel to the X-Y plane (plane 
z — K) is a circle. Hence, the surface 
would be formed by the revolution of 
g2 


2 
the hyperbola—; ee m 1 about its 


conjugate axis. Fig. 3 shows the form 
of the surface. | 

Second. Let two of the constants ay, 
аз, аз in equation (5) be negative. 

For example, let 


а - 52 
аз = — © 
— 2 
а = а Fic. 3—HYPERBOLOID 


. ОЕ ONE SHEET. 
Also assume as before that a is nu- 


merically greater than band b greater than c, 


or a>b>c 


Substituting these values in (5) we obtain, 


2 2 
I el (7 


— => ыы => | | “ивээлээ 


and the surface is called а hyperboloid of two sheets. 
The sections by the co-ordinate planes and their focal distances 
are found as before. 
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The section by the X-Y plane (z — 0) is the hyperbola 


with semi-axes a and b and focal distance 
ма? = У а – а» 


The section by the ZX plane (у = 0) 1$ the hyperbola 


Fic. 4—HvPERBOLOID OF REVOLUTION OF Two SHEETS 


with semi-axes a and c and focal distance 


Ма + а= Маа 


The section by the YZ plane (x = 0) is the imaginary ellipses 


^— = — 1. With semi-axes b and c and focal distance 
УТ (= с) = Уаз = аз 


If in equation (7) we let b = cthe section by any plane parallel 
to the plane x = 0 isa circle. Hence the surface is іп this case 
formed by the revolution of the hyperbola 


about its tranverse axis. Тһе form of the surface is shown in 
Fig. 4. 


ur н ME а. а ш. 
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Third. Let all of the constants а1, аз and a; be positive. 


Thus, let a, = а? 
ao = b? 
аз = с? 


Also let us assume that the relative magnitude of the constants 
are as indicated by the equation 


a>b>c 


Upon substituting these values in equation (5) we obtain 
Е (8) 


which is seen to be the equation of ап ellipsoid. 

The sections by the co-ordinate planes and their focal dis- 
tances are given below. 

The section by the X-Y plane (z — 0) is the ellipse 


2 
— + 3 = 1 with semi-axes а and b and focal distance 
fa Vena Vas, 
The section by the Z-X plane (y = 0) is the ellipse 


2 2 | 
х 2 : | 
Erste 1 with semi-axes а and c and focal distance 


f = “а-а = у аі — аз 
“Тһе section by the Y-X plane (х = 0) is the ellipse 


2 2 
= + = = 1 with semi-axes b and c and focal distance 


f= У 2 = У аз = аз 


If in equation (8) we let а = b the sections by the planes 
parallel to the X-Y plane will be circles whose centres lie along 
the Z axis and the surface is cut out by revolving the ellipse 


about the Z axis. If a is the major axis and c the minor axis 
of this ellipse as has been assumed and stated in the assumption 
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а > с, then the figure 1$ cut out by revolving an ellipse about 
its minor axis. Such a figure is called an oblate spheroid. If 
the rotation occurs around the major axis the figure 1s called 
a prolade spheroid. 

На = b = с the ellipsoid reduces to a sphere. 

Тһе form of the oblate spheroid 1$ shown 1n Fig. 5. 


CONFOCAL QUADRIC SURFACES 


In all three cases investigated above it will be observed that 
the squares of the focal distances of the principal sections 
(sections cut out on the X-Y, Y-Z, Z-X planes) are the square 
roots of the differences of the three constants а1, а» and аз. 
'Therefore, i£ we add a constant to each of the three constants 
ал, а» and аз we obtain a surface whose principal sections have 


Fic. 5—OBLATE SPHEROID 


Axis of revolution about Z axis. 


the same foci as before or what is called a surface confocal with 
respect to the original. | 
For example, if we take the equation of an ellipsoid 


= +-==1 (9) 


the focal distance of the principal section made by the Х-У 
plane has been seen to be 


f=V@-B= Уа – ағ 


If we now add the constant quantity p to a; and аз we have as 
the focal distance of this principal section. 


У (ay — р) — (as— p = Уа-р-а ір = У а – аз 
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and thus the focal distance has remained the same. Similarly 
for the other principal sections, and we therefore see that. 


2 y? E 
Ер crap сата. (10) 


represents a surface confocal with the original for any real 
value positive or negative of p. 

If as we have assumed throughout а is greater than b and b 
is greater than c or, 


а> В >с 


then the character of the surface represented by equation (10) 
will be seen to be determined as follows: 


(1) If p > — c? the surface is an ellipsoid. 
(2) If— ? > p > — Б the surface is a hyperboloid of one sheet. 
(3) I£— > р > —a? the surface is a hyperboloid of two 
sheets. | 
(4) If — a? > p the surface is imaginary. 
Suppose we now wish to pass through a given point in space 
x, y, 2 a quadric surface confocal with the ellipsoid 


2521 (11) 


y 
a? T b? c? 
Where а> Б> с. 


We have seen that its equation will be 


x? y? 22 
рр Gp | ын 


from which the value of p can be determined when the values 
of x, y, z of the desired point are given. 

It will be seen that this equation (12) 1s a cubic equation in p 
and therefore will have three roots say рі, рг, ps and if it is found 
that these roots are all real there will be three confocal surfaces 
which will pass through any desired point x, y, z in space. 
Since an equation of odd degree always has at least one real 
root we see that the other two roots will be real or both imagi- 
nary since imaginary roots always enter an equation in pairs. 


Е С. 
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In order to investigate the roots of our equation (12) we can 
write it when cleared of fractions as follows: 


(a? + p) (P + р) (2 + p)—x? (0 + p) (Cr p)—» (а? + p) (@ + p) 
— 2 (a + р) (+ p)=f(p) =0 (3) 


This is our cubic equation in p and а, b, c, x, у, z are the constants. 

We have just seen that the character of the confocal surface 
depends upon the magnitude of p with respect to the three 
constants a, b and c. To recapitulate 


(1) If p > —e the surface is an ellipsoid. 

(2 If—c? > p» —b? the surface is a hyperboloid of one sheet. 
(3) If—b >р > —a?thesurface is a hyperboloid of two sheets. 
(4) If —a? > p the surface is imaginary. 


We will now substitute for p in equation (13) the values 


(1) p=+o 

(2) р--с 

(3) р= – 2 

(4) р--« 
which will be seen to be the extreme values as outlined above. 
It should be observed that p = — о would result in an imagi- 


nary surface and therefore 15 not considered. 

Upon making these substitutions for p 1n equation (13) and 
remembering that a > b > c we will obtain the following as 
regards to changes of sign of our cubic equation in p which 1s 
represented for brevity by f (p). 


When р = + о 
sign / (р) = + ® 


and it is observed that f (p) is a positive quantity for all values 
of x, у, 2,а, b, c constant under the assumed relation a > b > c. 


When р = — с? 
f (р) = — z (a?— c?) (2 — c?) 
sign Л (р) = (-) (+) (+) = (-) 


in this case we observe that f (р) is negative and therefore f (р) 
has changed from a positive value in the previous case to a 
negative value in this case. Therefore, f (p) has passed through 
zero somewhere between p = + o and р = — c’, that is, there 
is a real root between these two values. Call this root А and 


o 
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observe that it occurs in the region which specified that the 
confocal surface will be an ellipsoid. 


When р = — b 
Л (р) = — у? (0 — b?) (a? — b?) 
sign Х (р) = (-) (-) (+) = (+) 
Here. again there has been a change in sign and therefore there 
is another real root somewhere between р = —c and р = —P»*. 


Call this root и and observe that it occurs in the region which 
specifies that the confocal surface defined by it will be a hyper- 
boloid of one sheet. 


When р = — а? 
f (р) = — x (D — а?) (с — a?) 
sign fü e (cy xy ey =e) 
and we see that there is another change in sign and therefore 
another real root in the interval between р = — b and p = — a’. 


Call this root v and observe that it lies in the interval which 
specifies that the confocal shall be a hyperboloid of two sheets. 
We have thus accounted for the three roots of the cubic and 
found their general location also that they are all real3* Thus 
we have seen that through any given point in space, say x’, 
у’, 3’ there will pass one surface of each of the three kinds and 
therefore we may represent the given point in space either by 
its rectangular co-ordinates x', у’, z' or by the three values А, 
и, у which are the three values of p as determined by the cubic 

equation in | 
x? у? 2? 


273-9 p i 


— MÀ ----- = | 
+p СЮ 


in which the values of x, y, 2 are taken as x’ y’ 2’. 
If we write for the sake of brevity. 


y? y? 22 
Е (А, x, y, 2) Е mx b aX 120 
Е (A, х, y, 2) = (14) 


We see that equation (14) defines А as a function of x, y, z which 


34. A complete treatment of the cubic equations will be found in 
‘‘Todhunter’s Theory of Equations". Page 109. 
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is а point in space and therefore А is said to be defined as a point 


function. Similarly 
Е (м, x, у, 2) = 0 | (15) 


(16) 


2 F (v, x, y, 2) 


define р and v as point functions. 

If we have given the values of Л, и, v in these three equations 
we determine completely the ellipsoid А = constant, and the 
hyperboloid of one sheet и = constant, and the hyperboloid of 
two sheets $ — constant, and hence their point of intersection 
х, y, 2 and its seven symmetrical points in the other quadrants. 
It can be further shown that the three surfaces defined by 


^^ = constant 
M = constant 
и = constant 


are mutually perpendicular at every point of іпёегѕесіпоп 35 
^, м and v are called the ellipsoidal or elliptic co-ordinates of the 
point. They form a system of Orthogonal Curvilinear Co- 
ordinates.* 


NORMAL OBLATE SPHEROIDAL CO-ORDINATES 
When any two semi-axes of our standard ellipsoid become 
equal the above described system of curvilinear co-ordinates 
breaks down. For in that case the equation 


x? у? 22 Ш 
прв Фр атр! 


reduces to а quadratic equation іп р and therefore has only two 
roots which we may call А and и. Тһе surfaces А = constant 
and и = constant are now confocal ellipsoids and hyperboloids 
of revolution. Obviously a third family of surfaces is required 
before the position of a point in space can be fixed by their 
intersection. Such a family of surfaces, orthogonal to the two 
present families, 1s supplied by the system of diametral planes 
through the axis of revolution of the standard spheroid. Тһе 
two cases in which the standard ellipsoid is a prolate spheroid 
and an oblate spheroid require separate treatment. We аге 

35. A good discussion will be found in “Solid Geometry”, Charles 
Smith, Macmillan and Co., Page 147. 


- 36. The above discussion has mainly been taken from A. G. Webster, 
“Electricity and Magnetism"', pages 27-31. 
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here principally interested in the later case which will now be 


described. 
Let us assume as the standard oblate spheroid 


2 2 2 
EU j (17) 


а? c? 


where a > c that is, we have taken the case where the figure 


is rotated about the z axis. 
The equation of the confocal family of онь is then 


х? + у? So 
Яр @+р 8) 


which is seen to be a quadratic p regarding x, y, 5, a, c as 


constants. 
As we have seen before the character of the surface will depend 


upon the magnitude of p with respect to the constants a and c. 
Remembering а > c 
(1) If p > —‹? the surface is an oblate spheroid. 


(2 If—c > р > —a? the surface is a hyperboloid of revolu- 
tion of one sheet.. 


(3) If —a? > p the surface is imaginary. 
In order to investigate the roots of (18). we may write it 
(a? + р) (C + p) – GP + у) (2 + p) – “(а + p) -/(р) = 0 
(19) 


and observe the changes of sign when the following values are 
substituted for p in equation (19). 


(1) p=+o 

(2) рь-с 

(3) р--а! 

When р = + о 
sign (р) = + ә 


and it is observed that f (p) is а positive quantity for all values 
of x, y, z, a, c consistent with the assumed relation а > с. 


When р = —‹? 
f (р) = —2 (а — c) 


Sign [ipm Cr) = 
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in this case we see that f (p) 1s negative and has therefore changed 
from a positive value in the previous case to a negative value in 
this case. "Therefore, f (p) has passed through zero somewhere 
between р = + о and р`= —c’, that is, there is a real root 
between these two values. Call this root А and observe that 
it occurs in the region which specifies that the confocal surface 
will be an oblate spheroid. 


When р = —а? 
(р) = — (x + y) (2 - а?) 
sign f(p) = (—) (+) (-) = (+) 


Here again there has been а change in sign and therefore 
there is another real root somewhere between p = — c? and р = —a? 
Call this root д and observe that it 1$ 1n the region which speci- 
fies that the confocal surface will be an hvperboloid of revolution 
of one sheet. We have thus accounted for the two roots of 
our quadratic and also found their approximate location; also 
that they are real. 

We may now write 


“ 


2 2 2 
FA 49,2) = STS +555 -1=0 22 
ог, 
F(X, x, у, 2) = 0 (20) 
Similarly, 
F (u, х, у. 2) = 0 (21) 


Now, as we have seen before, in order to determine completely 
a point in space we must have another equation which defines 
a surface which will intersect the two present surfaces À = 
constant, and, и = constant,at all real points. Ав has already 
been said such a system of surfaces is that of the diametral 
planes through the axis of revolution of our standard oblate 
spheroid. . ; 

In this case, we have taken the z-axis as the axis of revolution. 
We, therefore, wish the equation of the plane which passes 
through the intersection of the planes x = 0 and y = 0. The 
equation of this plane тау be written.” 


у— ух = 0 
where у may have any value. 


„ 37. See—Charles Smith “Solid Geometry," Macmillan and Co., pagell. 
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Thus we may write 
F(»x,yz-y-vx-0 (22) 


If we are given the values of А, и, и these three equations 
determine completely the oblate spheroid, À = constant, the 
hyperboloid of revolution of one sheet, и = constant, and the 
diametral plane through the axis of revolution, » — constant. 
Hence their point of intersection x, y, z and its seven symmetrical 
points in the other quadrants is completely determined.- It can 
further be shown that the three surfaces defined by 


А = constant 
и constant 
у constant 


are mutually perpendicular at every point of intersection. We 
may thus take А, и, v as a set of normal curvilinear co-ordinates. 

In order to simplify the work which will follow we will make 
certain simplifications in the form of the equations of the three 
surfaces, the intersection.of which represent our three co-ordi- 
nates of a point. Rewriting equations (20), (21), (22) of the 
three orthogonal surfaces, | 


x2 y? 22 
Р(х 5,2) = зау + ру aay 170 (23) 


x? у? 22 | 
PME) = И aora ^U (24) 


Е (у, х, у, 3) = у— ух = 0 (25) 
Where | | а>с 
| АХ > — ё 
—%>и>—@? 


> may have any real value positive or negative. 
Let us now make the following substitutions in equations (23) 
and (24). 


Let : 
а2-- с? = Е? (26) 


and а? + А = Ер (27) 


- 
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subtracting we obtain 
2-1-Е (2-1 ол (28) 
аа + р = РЕ (29) 


also let 


subtracting (26) from (29) we obtain | 
ё + м = Е? (Ё— 1) (30) 


If we now substitute (27) and (28) in (23), and (29) and (30) in 
(24) we have 


x? y? 22 31 
BoteptRPDo-p 1700 SU 
x? y? 22 Ш 

EF'bF'E(F-0) 17% (32) 


We may now make the further substitutions, 


Putting Е? = с? 
Ер = А? 
Е Е = ц” 


х? у? 2 | 

Qr P NS Баг ини 195) 
x? y? 2? 

чт шт теги аа, (34) 


If in these equations А” is greater than с? and c" is greater 
than и”, that is 
А? >с? > ц" 


then equation (33) is the equation of а confocal family of oblate | 
Spheroids in а simplified form and equation (34) the confocal 
family of hyperboloids of revolution. Тһе Z-axis is the axis of 
revolution and 2c’ is the focal distance. Іп other words, if we 
take an ellipse and a hyperbola having the same foci (focal 
distance 2c’) and revolve them about the minor axis of the 
ellipse (in this case the z-axis) we shall get a pair of surfaces 
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which are mutually perpendicular; also a plane through the axis 
of revolution will cut both the spheroid and hyperboloid ortho- 
gonally. We may now drop the primes and write the equations 
of the three surfaces: 


x2 


. 2 
Ва (ху) = уг + 9 Козу -1=0 (35 


x? у? 22 
Fale ey c ийг: + foe 48 (36) 
F; (x, узи) = у— их = 0 (37) 


where А? > с? > y?, 2c being the distance between foci. 


Fic. 6—INTERSECTION OF AN OBLATE SPHEROID, CONFOCAL HYPERBOLOID 
AND A PLANE THROUGH THE AXIS OF ROTATION 


For all values of A, м and у consistent with the inequality 
written above the surfaces (35), (36) and (37) intersect in real 
points and cut orthogonally. We can, therefore, represent anv 
given point in space say x, y, 2 by the intersection of the three 
surfaces provided we assign the proper values to Л, и and >. 
Therefore, А, д and и are a set of orthogonal curvilinear co- 
ordinates. | 

The form of the three surfaces 1s shown in Fig. 6. 


LAPLACE’S EQUATION IN NORMAL OBLATE SPHEROIDAL 
CO-ORDINATES 
If we solve equations (35), (86) and (37) simultaneously we 
will obtain the values of x, y and z in terms of our co-ordinates 
^, wand v. 


* 
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То do this we may divide equation (35) through by џи? and 
equation (36) through by А? and then subtract. We obtain 
upon simplification. 


go XA C= и) (38) 
€ 


Substituting this value of z? in equation (35) we obtain 


№ u? 
E 


х + у? = 


and upon substituting the value of y from equation (37) we 
obtain 


№ u? 
VINE ke АРЕНА 
"o ec») шы 
similarly we obtain 
| "X u? y? 
ыы CN IS 
^ 8T) 9 


Equations (38), (39) and (40) enable us to express the position 
of a point in space x, y, z when the values of A, и and и are 
given. 

Let x = xo, y = yo, 2 = 2 be the rectangular co-ordinates 
of the point in space determined by the intersection of the 
three surfaces А = No, и = Ho, V = vo. 

The rectangular co-ordinates of the point 


A=At+dA 
M = Ho 
P = Vo 
will be 
х= х dA 
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That is, it will be the original position plus the rate of change 
of x with respect to a change in À multiplied by the increment 
in A. This will be readily seen from Fig. 7. 

The square of the distance between the points Ло and Ay + d А 
will be 


2 2 2 
_ [д х 24) 53) 
da? = Ер =) an (23 aN + (S dX 


m- [BAGIET w 


Fic. 7—ELEMENTARY SOLID Сот OUT BY THE INTERSECTION OF А 
PAIR OF CONFOCAL HYPERBOLOIDS OF REVOLUTION, A PAIR or ELLIP- 
SOIDS OF REVOLUTION AND A PAIR OF PLANES THROUGH THE AXIS OF 
REVOLUTION (Z Axis) 


In the limit the elementary curvilinear rectangular parallelo- 
piped is simplv a rectangular parallelopiped, that is, the effect 
of the curvative will introduce an effect which will be an infinitesi- 
mal of higher order than d A and dz, and, therefore, may be 
neglected. From this consideration it will be observed that 
dn, is the differential unit of length normal to the surface А = А. 
Thus, a considerable simplification has resulted from the fact 
that our svstem of curvilinear co-ordinates are orthogonal. 

In like manner, we can write down the expressions for the 
differential unit normals to the other two surfaces 


ш = мо ап = "ро. 
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Thus, 
д хү ду i д гү 
2 ректен маны — — 2 
ns | 5 =) (5 2) | (5 2) | s (22) 


which is the elementary normal to the surface и = ш 
Similarly 


w= [BAGA ә 


is the elementary normal to the surface у = vo 
If we now let 


2 2 2 | 

1 | (ox 23) 53) 

"n (5 x) " (5 Mt (5 (44) 
2 Є 2 | 

ын - ($2) + (52) + (52) | 

hz ди ди ди (45) 
2 2 : 2 

1 (9x 52) 2) 

+ = (55) + (82) + (55 (46) 


we can write the three equations for the differential normals in 
the more compact form. 


1 
d 
dn, = ©” (49) 
3 


The elementary surfaces which form the sides of the differen- 
tial volume may now be written (see Fig. 7) 


а Sı т dn: dn; = CE а.) (50) 
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for the 'surface À = № 


дей оог (51) 
hı hs 
for the surface и = ш 
d S = dnidn, = 4 Х4и (52) 
hy ho 


for the surface у = vo 
We may now write the differential volume d v of the rectangu- 
lar parallelopiped 


dAÀdyudv 
d v = dn, dn: dn; = UD (53) 
u (S) dn; 
Back Surface Top Surface 
Side Surfac шаа 
Al Ate 


Front i 
өр use See мс 


| v (Sr) ап: 


Bottom Surface 
РЕС 


| ОО | 
ІР, S il 
Whee 4 --- 
QC-" Bones 


t „==“ 
Bottom ds: 


Б We can now proceed to write down Laplace's equation in our 
present system of orthogonal curvilinear co-ordinates. We will 
here consider the case of a homogeneous and isotropic medium. 
The clearest method of obtaining Laplace’s equation is to apply 
the well known laws of flow of an incompressible fluid to the 
infinitesimal unit of volume bounded by the intersection of the 
six surfaces, 


А = № M = № У = Vo 
А = № +4АЛ, M=Mtdm у= оо у 


Now let, (see Fig. 8) 
и equal the component of the flow density or flux density, 


D, at the point Хо, Mo, vo, parallel to dn, 
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Similarly 


v = component of D parallel to dng. 


w = component of D parallel to диз. 


Now the total amount of flux (or flow) leaving the infinitesi- 
mal parallelopiped is the sum of the six amounts leaving it 
through the six faces; each of these is expressed as; flow density 
X surface. 

Therefore, thev are, 


— uds + (u + ул dm) ds, 


- vds: + (+ 2 


ы dns) dS» 
No 


+ 


Ò w 


Ò 713 


• —wds,+ Є + dns) ds3 


In order to see the exact meaning of these three equations we 
will put the first one in word form. The first term says that the 
total flux (or flow) entering the lower surface of the infinitesimal 
parallelopiped 1s equal to the component of the flux density in 
the direction perpendicular to the surface X the area of the 
lower surface. Since we desire to express the outward flow we 
designate this inward flow by the minus sign. The second term 
expresses the total flux outward through the top surface. For 
this case the component of the flux density will be the original 
component plus the rate of increase of the component as we 
move towards the top of the cube multiplied by the height of 
the cube. This gives the component of the flux density at the 
top of the cube and if we multiply this by the area we obtain 
the total outward flow at the top surface. 

Adding these three equations together, and substituting the 
values of 451, 45», and 45; from equations (50), (51) апа (52) 
we get 

( ди Ov д 10 


284254 22) du, dn; dn; (64) 


Now for any point in space which 1s neither a source nor a sink 
of flux we see that the same quantity of flux must leave as enters 
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any closed surface in order that there may be no accumulation 
within. "Therefore, we may write 


ди Ov д 10 
(= 9n; + 2) dn, dn» dn; = 0 (55) 


If we write this equation for a unit of volume, that is, if we divide | 
by dni, dn», dn; we have the familiar "equation of continuity.” 


ди + д? эн _ 
713 


9 mn О л» 0 


If we now write the Fourier-Ohm law in the following: form 
appropriate to flow problems in space, namely; 


з 
| 
| 


д (56) 


& ea 

ll ll 

| | 
Эф1Зз ale Ale 


In other words these equations state that the flow density in 
a given direction is equal to the potential gradient in that 
direction divided by the specific resistance to flow. . The minus 
sign indicating that the potential 15 decreasing in the direction 
of the flow. We will here take the specific resistance to be 
unity and equal in all directions, that is, the material has unit 
specific resistance and is homogeneous and isotropic. 

We may, therefore, rewrite equation (56) for this case. 


лаг 

Е Ò л, 

TANE 2V 
д п: (57) 
oV 

w = — 
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Putting these equations in terms of hı, he, йз and Л, м, and v 
as given by equations (47), (48) and (49) we have 


v= —h,;-—— (58) 


w = — hs 


If we now write equation (54) ‘in terms of А, u, и and ha, һә, 
ha, іп the same manner we have, 
ди widAdyudvw | 
(mst eset HSS) им TO 09 


If we now substitute the values for и, v, w from equation (58) 
we have 


д 'OV д oV , oO ӘУ 
5 [^25 (^ 3x) + ^a (^) + ^2; (hs >) | 


1 дү, dV 1 ОГИ 
[nx 23 (^ 3x) КЕ ТЕУІ ШЕТІ, 


Now we may put БХ inside the differential —~ 5 2 since hz h3 


ате not functions of А; similarly for и and у. Thus we may 
write it 


[3x (5, 3x) * 5н i ан) * 8» oo) | 
QA һә hs ох ди hı hz Ò Ov hi he ОР 


аХаншауж0 (62) 
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Now in order to write the equation per unit volume we must 
divide through by unit of volume, that is, by equation (53) and 
we get 


ә (тоу) ә (в әр) 
ши ГҮҮ: fo 352 


0 (№ ӘУ J- 
+55, (5.5, 52) xx 


(63) 


which 1s Laplace's equation in orthogonal curvilinear co-ordi- 
nates. | 

We may now proceed to obtain the values of hı, he and hs for 
our case of normal oblate spheroidal co-ordinates from equations 
(33), (39) and (40) when combined with equations (44), (45) 
and (46). 

Thus differentiating equations (38), (39) and (40) with respect 
to А we obtain 


Ox _ u 
OA сути 


ду шу | 
SR к Он 4 
OA сути | ши 


02 Хлб-и 
Ол c Л? — с? 


Substituting these values іп equation (44) we obtain 


2 На 2 ————23 
и | ЖЫК, ^A 2-0 
тіні таса, (та) Ума 


Simplifying we get 


(65) 


1917] RICE: ELECTROSTATIC PROBLEMS 887 


Similarly we obtain 


Ox _ À 
OM сути 


Av 


E NO S M 
и СУТИ (66) 
ов „АЙАТ. а - 
Ou. C 2 — и 
From which 
1 A? — u? | 
Again | 
Ox  Auv i 
Ov  c(l4 37 | 
Ò y Хи 
ðv с (1+ 2372 (68) | 
{ 
О 2 
àv» 0 
and 


1 А? и? 
hë ТЫЗ, = 


If we now substitute these values of oe Tm —-, in equation 
| hy h? h 
(63) we get 
_ O— xP == x | 
с(1+ и) мс por М КҮ; a 
____ EE д ды ала 
aE Ves ü ди ш 
с (NM y?) д [ д 4 
р J (1 2 = 0 70 
Лим (= e (= u)ov SIT id 
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which is Laplace's equation in our spheroidal coordinates А, 
и and у. | 

If now in place of Л, м and и we can find some function of А, 
some function of м, and some function of и which, therefore, 
will represent the same set of orthogonal surfaces, and if we 
can choose these functions which we shall designate by o, В 
and 'y, which of course are also functions of x, y and z, so that 
they are solutions of Laplace's equation when expressed in 
rectangular co-ordinates, and, therefore, satisfy it when substi- 
tuted therein. That is, we would have, 


Ca да да 


әз toy Гоа 0 
28 28 PB 
gue “оу "ys Г" 
ey Fy үс 
ont oy т "мин 


under these circumstances equation (70) will be reduced to a 
more simple and symmetrical form. It must be remembered 
that the existence of these functions о, В, “ү, is merely tenta- 
tive. The criterion for their existence will be given. later. 
Equation (70) is Laplace's equation expressed in terms of 
^, м and v. 
Assuming now that in equation (70) V is a function of A only; 
in that case 
oV oV 
ди y 


and equation (70) would then reduce to 


д ӘУ]: 
[уха о (T) 


Integrating with respect to А we get 


a 
х 


Му А (‹? = Сі (72) 


ER | | ал 
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whence 
Cy d А 
аУ- =— 73 
AV № с чыз) 
and integrating again 
€1 27 А 
Г = — sect — + К, (74) 


Неге V is а function of А which satisfies Laplace's equa- 
tion. Call this value of V which, is a function of А and 
which satisfies Laplace's equation, œ leaving the constant ci 
undertermined thus 


са № 


AV А с 115) 
and 
| г Ci E А 
a= — sec! — + К, (76) 
C с 
The constant К is zero since, 
| a=0 
when А = с 
and бесі = 0 
As above assumed now that V in equation (70) is a function 


| OV oV 
of д only; in this case 3 7 0 and [5s 0 i 


oV 
а-ш 3c a 0 77 
Integrating 
uv aca. = (78) 
_  €dyà 
dV = T 22-02 (79) 


Vires > sech-t -P- +K: (80) 
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Call this value of V which is a function of w only, and which 
satisfies Laplace's equation, 8, leaving the constant cs unde- 
termined we have 


Со а и 
Е == 81 
в = — (81) 
8-- 23 sech-! -P- + Ke (82) 
The constant of integrating Ke is zero since : 
8-0 
when и = с 
апа sech—!] =0 
Similarly | 
д м О >| Ш 
s; [ 0t» 5 -0 (83) 
ии) 67 =o, (84) 
_ €3d v 
d V = IF (85) 
V = c; tan™!v + К; (86) 


If, as before, we call this value of V, which is a function of v 
only and which satisfies Laplace's equation, y, leaving the con- 
stant c3 undetermined we have | 


_ (6аау 
ТЕ n 
y = cstan^! v + К; (88) 


The constant of integration Кз vanishes since 
= 0 

when y=0 

and {ап 10 = 0 
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If we now substitute these values 1n equation (70) we can 
express Laplace’s equation in terms of our new functions о, B 
and 'y and therebv obtain a simpler equation. То do this let 
us take equation (70) term bv term. 

The first term 1s 


u Ò Woe SS | 
c1l+v)Ve— шо | У “ON 


* 


expanding the indicated differentiation we get 


ROME Spe 53 (^ x—29V 
т К M DA 


__ 2 g 
ES ar 8) | (89) 


From equation (71) the first term within the bracket is equal 
to zero. 
If we now assign the following values to the constants, ci, 


сә and сз 
су = — сә = c and сз = 1 


We have from equation (73) 


CV Lu ВЕ ЛЕ 
d x^ zx vy) 


dV č —с[(”%— 4) + м 


= g 
d M Хх(М-с)УМ-0 (50) 


Now from equation (75) we have 


ГЭР \ (№ e) (91) 
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Combining (90) and (91) we obtain 


dy 41а № (A2— c») + А 


d o? Ы а № d o? 207 C А? шэн EI (92) 
Now comparing (90) and (92) it will be seen that 
2 2 2 
dy с d V (93) 


dX X(X-2)d ой 


If we now substitute this value of a in the second term of 


equation (89) we get 


u = C^ оу 
c (1 + 0) У2-42 DV? 4 X (N—0)0 rali 


ог simplifying the first term of equation (70) when expressed 
ЖЕ 
in terms о 


гү 
д а? 
C o? V 


ираи 94 
NI +) Ус и vX-d 9a Pa 


If we now perform the same operation upon the second term 
of equation (70) which is 


А Q ро И 
m — а (И 96 
du КЕСЕГІ ЫН P 
expanding the indicated differentiation we have 
А д (энэ. oV 
с(1 + у?) VN-@ [25 (^ Уг 5 Ou 
———Q9V 

tuve 24 (96) 
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Equation (77) tells us that the first term within the bracket is' 
Zero. | | 
Now from equation (79) putting c = — c we have 


and then 
ү = с [ (с? 2. и?) иг и?] (97) 
d № р (2 ш?) уа и? 

From equation (81) we have 


ру 2 р? 
— сє 


а, 
= 


а 


Uo 


d uj  yw(c- и) 
dg c | (99) 


. From (97) and (98) we obtain 


2 2 2 2 2} — 4,2 . 
dV dVdy,y (-и)-и (99) 


Now from (9T) and (99) it will be seen that the following relation 
exists 
ау. с? dy 
аш yw (c-—y)d 8 


(100) 


Hence substituting this value in equation (96) we get for the 


2 
second term of equation (70) when expressed in terms of d 


the following. 


Ас оу 


и 101 
и (1+) у ep у N-e 9 В uu 


Now as before expand the third term of equation (70) 


с (M — y?) 
^u v Xe “с-ш 


ә „dV әу 
эр1 t») ov + (1 + »?) 24 
(102) 
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: and observe that the first term within the brackets vanishes bv 
equation (83). - 
Now from equation (86) putting сз = 1, we get, 


dav d 
ау 1-1 
| d? V - 2v 
dw ^ аи e 
From equation (87) 
| dv 
= 1 + и? 
qe „ | 
(104) 
d y? 2\2 
"EV Ка (1 + vp’) 
From (103) and (104) 
dV “үа 
ig” лат 7 (105) 
Now from (103) and (105) we get 
2 2 "4 
ү _ 1 аг Y (166) 


d (Fredy 


Hence substituting this value in equation (102) we get for tke 


9 y 
third term of equation (70) when expressed in terms of a 


27 

the following. 
c (№? — и?) Oo? V 
Ли (1 + v?) м 2 р? у № с OY 


(107) 


If we now combine the three terms as given by equations (94), 
(101) and (107) we get 


1V, d OV At PPV 
№ д а? и? д В: А? — woy 


= 0 (108) 


e 
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or since from equation (76), (82) and (88) and remembering 
that we put с = — c = сз = 1 we have 


A = сзес а 
u = с весһ В (109) 
у = tan 7 | 

we can now write equation (108) 


2 


© 
х 


? V 


cos? a 5484 + cosh? 8 B + (cosh? В — cos? a) = 0 (110) 
О o? д В? ] 


О y? 


which is Laplace's equation expressed in terms of what have 
been called normal oblate spheroidal co-ordinates. 

When using this equation (110) it is to be noted that the 
point whose co-ordinates are (а, 8, гү) is the point of intersection 
of an oblate spheroid whose semi-axes are А 


с sec a (major axis) 
с tan а (minor axis and the axis of revolution.) 


and a hyperboloid of revolution of one sheet whose semi-axes 


are . 
c sech В (transverse axis) 


c tanh В (conjugate axis, the axis of revolution.) 


and a plane containing the axis of revolution of the system and 
making the angle y with a fixed plane. 

If the axis of revolution is the z axis and the fixed plane of 
reference is the XZ plane; the rectangular co-ordinates of о, В, 
y, will be obtained by substituting the values of A, м and v 
given by equation (109) into equations (38), (39) and (40). This 
substitution gives 


х —cseca sech f cos у 


у = c sec а sech f sin у (111) 
2 = c tan a tanh В | 
If now we let а range from 0 to -%- В from — о to + o, and 


гү from 0 to 2 т, we shall be able to represent all points in space; 
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and if we agree that negative values of В shall belong to points 
below a plane through the origin and perpendicular to the axis 
of revolution and positive values of В to points above that 
plane. Then not only shall we have no ambiguity, but also 
the rectangular co-ordinates of any point in space as given by 
equations (111) will have their proper signs. (See Fig. 9) 

The above transformation of Laplace's equation, as expressed in 
terms of the orthogonal curvilinear co-ordinates A, и апд» 
which represent an orthogonal system of surfaces, to the simpli- 
fied form in which it was expressed in terms of the new co-ordi- 
nates а, f, y was made possible by the assumption that certain 
functions о, 8, у of А, wand и exist. Thus we determined the 
value of а by solving equation- (70) on the assumption that V 
is a function of А only; и and и not entering. This means that 


Fic. 9--Сомкосаі, ELLIPSE AND HYPERBOLA 


we assumed that the curvilinear co-ordinate А corresponds to а 
possible equipotential or isothermal surface, for in that case 
there would be a function of А which would satisfy Laplace's 
equation. | 

We may write it symbolically as follows: 

Starting with Laplace's equation in terms of rectangular со- 
ordinates namely A? V = 0 and remembering that A = f (x, Y, 
2). Then if it happens that V =f (A) only, is a solution of 
Laplace's equation, then we may write it 


V=f(A) =a 


and upon substituting back in Laplace’s equation we would get 
the condition that | 
Д? а = 0 
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In other words, this means that @ as found by this process is à 
value of the potential V corresponding to such a distribution 
that the surface obtained by giving particular values to А are 
equipotential surfaces. The particular value of the function of 
Л, a is given in equation (76). | 

The condition that such a function œ should exist, for а 
given system of surfaces, that 1s, that the distribution described 
` above should be possible will be obtained analytically below. 

We have seen that the required condition is merely that V 
in Laplace's equation may be а function of А alone. 

If V is a function of А alone and we also remember that A 
is а function of x, y and z, we may start from this information 
to write out Laplace's equation. 


We have 
И = fi (A) 
A = fe (x, y, 5) 
Hence 
av _ дуду 
Ох 4Хдх 
әу _ ауд) 
ду 4Х0ду 
ӘУ _ advan 
дз | dAÀOz 


Differentiating again we obtain 


гү dyoX, ауыл 
ox! а Mox d^ ox 


Sy фуд №, dV A 
oy d №0у doy | 
wy EVON уәл 
ой dMoz d^ 02 


Adding these three equations and equating the result to zero 
in order to obtain Laplace's equation we get 


У ғу eV 


oe t oy og 2% 
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Dr юм’ fJ0N Ad у 
[5:2 +65) * (82 15+ 


0? Л гэ о Хау 


д x? 2 t 2214Х — i 


We thus have obtained an expression for Laplace's equation 
based upon the*assumption that the potential V shall be a 
function of А alone. If we now write it 


ол. PA, OA dV 


ox toy TOF аж 
о М2 уо №2 әл dV 
(5%) x (55) *(5:) d 


This may be written in symbolic form 


AA 
zr = № (№) 


where Р, (№ may be any function of A alone. Thus our rẹ- 
quired condition 1$ that 


“ёс (112) 
h? 

and when this is fulfilled the original curvilinear co-ordinate À 
corresponds to a possible equipotential or isothermal surface 
and in this case a function а exists. If similar relations are 
found to hold for В and y the reduction of Laplace's equation 
to the so-called symmetrical form is possible. 

Similarly we determine the values of В and “у on the assump- 
tion that V is a function of и only in the case of В and a function 
of у only in the case of y. In that case it is evident that 


A? В = 0 and in the second case 

А? у = 0 
It is therefore evident that В 15 а value of V corresponding to 
such a distribution -that the surfaces obtained by giving par- 
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ticular values to и are equipotential surfaces; and that y is a 
value of V corresponding to such a distribution that the sur- 


faces obtained by giving particular value to у are equipotential 
surfaces. 

From what has been said above it is evident why Lammé, 
the inventor of this system of co-ordinates called the functions 
о, В and y thermometric parameters.® 

The analytical method of obtaining the criterion for the 
existence of these functions 8 and y is exactly the same as that 
for the case of а which has been worked out. It is in the case 
of À 


д? À 


hj? = Е, (А) 
and it is for и 
А? ц | 
ГЕ = F, (м) | 
and for v (113) 
Д? y 
рз? ш Fs (v) 


When these three-conditions are fulfilled for A, и and », the 
original curvilinear co-ordinates А, и and и correspond to pos- 
sible equipotential or isothermal surfaces and thermometric 
parameters о, В and y exist and the reduction of Laplace's 
equation to the so-called svmmetrical form given by ‘equation 
(108) 15 possible. 

In all of the above work I have followed the development of 
the subject of orthogonal curvilinear co-ordinates as given in 
Bverly's Fourier Series and Spherical Harmonics pages 238 to 
245 and merelv tried to give an unexpurgated description of 
the process. That is, I have tried to fill in some of the steps 
in the process which are necessary in order that the average 
engineer may follow the development with ease. 

The solution of the problems given in the following pages 1s 

38. Numerous references to Lamme's work will be found in the follow- 
ing works. 

Maxwell, Electricity and Magnetism, page 232; Webster, Electricity 
and Magnetism, page 22, 64,173; Byerly, Fourier's Series апа Spheri- 
cal Harmonics, page 244, 274; J. H. Jeans, Electricty and Magnetism, 
page 247; Goursat-Hedrick, Mathematical Analysis, Vol. I, page 80; 
I. Todhunter, The Functions of Laplace, Lammé and Bessel, page 210. 
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due to Professor W. E. Byerly. I had been struggling with the 
problem for some time without success and finally took the 
liberty of writing Professor Byerly concerning my troubles. 
His reply of January 9th, 1915 to my letter exceeded my ex- 
pectations for it gave the desired solution as given in the fol- 
lowing pages. On February 17th, 1915, I had the further 
privilege of talking over the problems with him, at which time 
he cleared up the remaining troublesome points. 


POTENTIAL AT ANY POINT IN SPACE 


Laplace's equation (110) expressed in the symmetrical form 
was seen to be 


2 2 2 
cos? а pa + cosh? В ЗЭР + (cosh? B — cos? a) = 0 (114) 


Ó д ү? 

In the present problem we. wish to determine the potential 
at any point in space between two confocal hyperboloids; one 
of which is chosen to represent the tank with a hole in it; the 
other representing the rod or connection which passes through 
the hole in the cover of the tank. 

The potential V must satisfy the above equation and is a 
function of В only. This follows from the fact that the equi- 
potential surfaces will be contocal hyperboloids of revolution. 

Therefore, we_have, 

озу 0? 


5 а = 0 and 


СУ 
|< 


and Laplace’s equation reduces in our case to 


oy 
cosh? 6 5— = 0 
Pop 
This equation must be true for all values of В and V and since 
2 
cosh? В is not zero for all values of В, Fe must be equal to 
zero. Thus our equation will be à 
9 P ed (115) 


о B 


The solution of this differential equation is seen to be obtained 
as follows: 
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Integrating, 
dV 
ap 4 
аү-Аа48 
and 
У-АВ-С (116) 


which is the solution for the potential at any point in space. 
The values of the constants of integration А and C will be found 
from the conditions of the problem. 

Thus if 8 = В, for the hyperboloid selected as the tank with 
hole in it, the potential is 


V=0 
Assuming the tank to be grounded, 
Hence 0=AB+C 


Also when Du В. for the hyperboloid selected as the electrode 
* which passes through the hole in the tank 


V = V, 
И, = А В. + С 


Solving these equations simultaneously we have 


Hence 


с=—* | 
шлан 
8, (117) 
Vi 
ua ows? 


Substituting the values of A and C as thus determined into 
equation (116) we have. 


ое ИК 
"Ba Bt B 
Bo 
OT 
= Vi шөл | 


which is the complete expression for the potential at any point 
in space under the assumed terminal conditions. 


902 RICE: ELECTROSTATIC PROBLEMS [Nov. 9 


From considerations of symmetry it 1s obvious that the po- 
tential has circular symmetry about the axis of revolution; and, 
in this case, the z axis has been chosen. 

We may now determine the potential at any point in space 
in rectangular co-ordinates as follows. Suppose we desire the 
potential at the point x, z for the case in which the semifocal 
distance 1s c. 

We have for the value of и which 15 the semi-transverse axis 
of the hyperbola 


1 к 


(see Fig. 10) 


>, 


Fic. 10—H yvPERBOLA 


Hence, 


и = 5 [У (x + с) + 22 V (x— с)? йн 2 (119) 


Also from equation (109) we have, 


u =csech B 
C 
hec. 
cosh В " 
В = cosh-! —- | (120) 


! 


Thus we сап determine the potential at any point P in space 
under any desired conditions of c, Bı, Bo, Vi. 
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POTENTIAL DISTRIBUTION OF THE X-Axis 


For this case we have z — 0 in equation (119) and hence it 

reduces to 
и = с (121) 

Now under these conditions u and x are identical іп value for 
points along the x axis between the origin and the focus. We 
can, therefore, use equation (120) directly without reference to 
equation (119) or (121). 

Thus we can determine the values of 8, and |80 for any value 
of и from equation (120) or rewriting it here 


В = cosh- A ар (122) 


ч 
о 


5 


6 


ё 


8 
e 
pum 
ЖБ ШИ ЖШ a= eam 


POTENTIAL V 


е 


- 
o 


o 
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Fic. 11I—CALCULATED POTENTIAL DISTRIBUTION ALONG THE X-AXIS 


If we select for the hyperboloid Во the limiting case that of the 
infinite plane with a hole in the centre Bo = 0 for 


C 
= cosh^!-— 
В и 


where р = с 
В = Bo = cosh!120 


We may then write equation (118) as follows:— 


v = (1) в (123) 
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The potential distribution for this case is shown in the curve, 
(see Fig. 11). From this curve we may find the proper spacing 
for the hyperbolas which when rotated about their z axis cut out 
the equipotential surfaces for unit differences of potential. All 
we have to do is to divide the potential into equal increments 
and note the corresponding value of м or x. In this manner 
we can construct a diagram similar to Fig. 12. Іп the case 
before us the potential has been divided into 51 equal increments. 
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POTENTIAL GRADIENT АТ ANY POINT IN SPACE 


Тһе potential gradient is defined as the rate of change of 
potential in the direction of the greatest decrease in potential, 
that is, along the normal to the equipotential surface in the direc- 
tion of decreasing potential. The sign will depend upon whether 
our unit normal is taken in the direction of increasing or decreasing 
potential. For the former case the expression for the potential 
gradient will be positive and for the latter negative. By refer- 


— аташе m 
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ence to Figs. 7 and 8 and remembering that we have assumed 
the tank to be at zero potential it will be seen that we have 
selected the differential normal 4 72, in the direction of decreasing 
potential and, therefore, our expression for the potential gradient 


will be — ши 
d 79 


We have seen that the potential at any point in space is 
given by equation (116) and 15 


ҮүҮ-АВ-с 
Thus the potential gradient will be 


dV _ „ав 


(124) 


where d тп» is the normal to the surface и = мо, (a constant). 
and in the direction of decreasing potential. 
In order to determine В we have the relation 


В = зесп-! B 


Hence, | 


due rude T (195) 
аш шХУс-- p | : | 


Now we have seen from equation (48) that 


diet (126) 
2 
Equation (67) gives us the value of 5 
2 
1 М-12 
[ЖЕ ё — pe 
XX ‚2 
1 -А/М-н (127) 
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We may now substitute this value in equation (126) and we 
obtain 


Thus, 
| du — и? 
dn E — ц? (129) 


Combining now equation (125) and (129) we have, 


dV ‘авар | 
ат _ "dud 719 | (130) 
ОГ, 
бу АС 2 д 
d 719 ЕБЕ шу e— и? A2 2 (131) 
and 
E es (132). 


The value of the potential gradient at any point in space. 

The value of the constant A is that given in equation (117) 
and in order to determine the values of u and А in rectangular 
co-ordinates we have the relations given by equations (109) and 
(111). It will here be observed that the potential gradient 15 
independent y which is obvious from the symmetrical arrange- 
ment, that is, the potential gradient will be similar for any of 
the diametral planes y = constant. Thus, we may write 


х = с sec & sech В 
(133) 
у = c tan а tanh В | 
also, 
А = сзес а 
| (134) 
и = с sech В | 


These equations in combination with (132) enable us to calcu- 
late the potential gradient at any point in space in rectangular 
co-ordinates. (See Fig. 9.) 


$ — 2 | 
dn, = М SE du (128) 
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CURVES OF CONSTANT POTENTIAL GRADIENT 


The curves of constant potential gradient may now be ob- 
tained by putting 


"ig ae 200 (135) 
Then 
pv NH w= 4 С (136) 


Thus for any given condition the right hand side of equation 
(136) 15 a constant. If we now substitute the values of А and 
u аз given in equation (134) we may write 


er) 


seca = + А/ sech? В + sech? В 


or for purposes of calculation we may put for 
sech? В = 1— tanh? В 


seca = + | ш i A. 
= VAS tanh В) + = tanh? B) 


and we have 


(137) 


where the values in terms of x and y are 


x-—cseca sech В | 


у =ctanatanh В 


The curves of constant potential gradient as calculated from 
these equations are shown in Fig. 13. 


POTENTIAL GRADIENT ALONG THE X AXIS 


The value of the potential gradient at any point along the 
x axis between the origin and the focus may be obtained from 
equation (132) as follows: 

From equation (111) we have 


z=ctanatanh В 
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Now when z = 0 
с tan a tanh В = 0 


and since c tanh В is not zero we have 


tana = 0 


aee! 
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Substituting this value of а in equation (134) 
А = с 


and further upon substituting this value of А in equation (182) 
we have 
dV Ас | (138) 


а m цус p 


The potential gradient along the x axis. 
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Another method of obtaining the same result is to observe 

dV 
ЕСІ 
since the hyperbolas cut the x axis normallv. : Thus as we have 
seen 


that the potential gradient along the x axis is merel 


V-AB--C 
Differentiating with respect to и 
dV dB 
au ^ dn 
Also, 
an 
= pj m 
В = sech - 


Hence differentiating 


dV ДВ. -4с. 
ар ан yuwvge-y 


Thus, 


а. 


V Ac 
MEI um. (139) 


А, 


which is identical with equation 
(138) and is the potential gradient 
along the x axis between the origin 
and the focus. Тһе potential 
gradient curve for this case 1$ са]- 
culated and plotted in the curve 
Fig. 14. 

Testing this equation for the values д = 0 and u = c it will 
be observed that the potential gradient is infinite at the edge 
of the hole in the plane or focus and at the origin or along the 
5 axis. А minimum value of the gradient will exist somewhere 
between these two limits. Its value will be found in the usual 


manner as 
а 
duM p/ 


Thus differentiating equation (139) with respect to и and equa- 
ting the result to zero we have 


Fic. 14—CarcvLaATED POTEN- 
TIAL GRADIENT BETWEEN Кор 
AND EDGE OF PLANE 


- 


910 RICE: ELECTROSTATIC PROBLEMS [Nov. 9 


гҮ Аса i wi 


d p? (b? — un 


Аса 2] 
и? (b? PHA ц2)3/2 


Equating to zero and observing that A c is not zero we have 


2 u? 
"LN 
we (140) 


Thus the minimum value of the potential gradient occurs at 
this point which is about 71 per cent of the distance from the 
axis towards the edge of the hole in the infinite plane. 

The potential gradient curve enables us to determine the 
proper size of central electrode so as not to over stress the 
. dielectric. Ог by selecting the hyperboloid which we choose to 
represent our tank with hole we can select a central electrode 
which has the same value of the potential gradient or any other 
value which we may desire for other reasons. Knowing the 
characteristics of our dielectric used we can determine the 
puncture voltage of the apparatus, etc. 


SOLUTION FOR THE TUBES OF FLOW OR FLUX 


The flux or flow across any area may be defined as the surface 
integral of the normal component of the flux density, and as 
we have seen from equations (56) and (57) this in turn is equal 
to the normal component of the potential gradient. 


Thus, Пе 
Or dV 


We have from equation (132) 


d пз 


(141) 


dV Ас 
^dm - шу № р? 
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We also have for the values of d n; and d n; or d 5», equation ‘61) 


dS: = dm dm = 4» (142: 
1 3 


and from equations (65) and (69)we have 
1 E М — р? 
ho у А: — с 


Г. ^u _ 
kx cQ 


Substituting these values in (142) we get 


45: = М SLE (г Хи =)dddy 
Л: — с \с(1 + р 


and combining in equation (141) and simplifving we cet 


Integrating the first part between the limits и = 0 and v = vo 


we have. 
— tan! Vo 


LE Zi 4: = 
v =0 


and since vo тау have апу value we can neglect it as far as the 
spacing of the surfaces of flow are concerned. Integrating the 
second part between the limits А = А and А = A, we have 
A =A) 
ХАА -h 
== V № с — сі + к] 
| Ax 
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That is we have 


| 1-1 aware м А, — с?) 


(143) 
If we now remember that from equation (109) 


А = сзес а | 


we may write 


| 1-1548- А C (A sec? ао 1— АГ вес? a; — 1) 


(144) 


Also, sec? а — 1 = tan? q 


Substituting we get 


ШЕ ЕЕ (145) 


But it will be observed from Fig. 9 that с tan а 1s the minor 
axis of an oblate spheroid, and, therefore, for equal tubes of 
flow the surfaces will have any constant spacing on the minor 
axis of the spheroid. (See Figs. 12 and 13.)- 

In the above work we have obtained the solution of the electro- 
static problem in which any two confocal hyperboloids of revo- 
lution of one sheet and of the same family are maintained at 
definite potentials. The solution of this problem should be of 
interest to engineers as it furnishes us with a solution which 
may be applied as an approximation to many engineering prob- 
lems. For example, it is a useful guide in studying the high- 
voltage bushing problem; it also gives us an interesting variety 
of possible electrode shapes for use in testing insulating materials, 
where it is very desirable to be able to calculate the gradients, 
etc., etc. 

Another problem which should also be of considerable in- 
terest to engineers is the case when any two confocal hyper- 
boloids of revolution of two sheets and of the same family are 
maintained at definite potentials. The solution of this problem 
may be applied as an approximation to another group of prob- 
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lems which are of frequent occurrence in engineering. For 
example, it may be applied to switch electrodes at various 
spacings; also as an approximation in vacuum-tube designs, 
such as X-ray tubes, kenotrons, etc. That is, it is an approxi- 
mation to the group of problems of two elongated electrodes at 
various spacings, or such as an electrode and a plane (1.e., two 
needle points or a needle and a plane). 

The solution for this case is obtained in exactly the same 
manner as that described above except that in this case we 
select as our standard ellipsoid the prolate spheroid and express 
Laplace’s equation in normal prolate spheroidal co-ordinates. 

Two other problems namely, the distribution of the electro- 
static field about the charged oblate or prolate spheroids are 
obtained in exactly the same manner. 


Fic. 15—INTERSECTION OF PROLATE SPHEROID, CONFOCAL_HYPERBOLOID 
OF Two SHEETS AND A PLANE THROUGH THE AXIS OF ROTATION 


NORMAL PROLATE SPHEROIDAL CO-ORDINATES? 

In this case we take for our standard ellipsoid the prolate 
spheroid, the axis of rotation is then the major axis and our 
plane must contain that axis. Taking the x axis as axis of 
rotation and the XY plane as plane of reference we have for 
the equation of our three orthogonal surfaces the following. 
(See Fig. 15). 


x? у? 2? 
Dre утте eer 


T y : (146) 


ЭРЭ 8 277 : 


£—vy-0 


39. See Byerly Fourier's Series and Spherical Harmonics, page 243, 
from which this discussion has been taken. 
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whereM > 22 > д? 

Here, b, is the semi-major axis of the prolate spheroid. 

Solving the three equations simultaneously for the values of 
x, y, 2 as functions of А, и and и as we did іп the oblate spher- 
oidal problem, and then differentiating these partially with 
respect to Л, wand и we will have functional equations as before, 
namely; 


24 = A (À, as v) 


23 = fe (A, м, y) 


and similar relations for x, y, z with respect to и and v. 
We also have as before 


СЫСЫ 


and obtain the following values 


№ — р? 
h? = XM — ui 
b — py. -( 
h2 = м (147) 
b (1 + р)? 


н = OG— B. р 18) 
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From this we have 


hi № — 6? 
dy. № — и? 
—— (148) 


(A? — b) (2 — р?) у 
d Hs = BEV p ü + уз)? 


and Laplace's equation in terms of our spheroidal co-ordinates 
^, и and v becomes. 


1 1 д 
PB ях | 08- » Sy | ная = “Ош 


2 2 oV мод 
[9-55, |+ woes 
[a+ oe | -0 (149) 


and reduces in exactly the same manner as the oblate spheroid 
problem to 


1 OV 1 OV ^? — д? еу o 
Л2 — Ро a? 2 — ц?д B № — 2) (02 — и?) д ү? 
(160) 
Where 
b 
do = — ур А 
d B= рйи (151) 
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© = coth^! — 


b 
u (152) 
В = tanh — 
b 
гү = tan^!v 
or, 
А = bcotha 
u = b tanh В (153) 
у = tan у 


Substituting these values in equation (150) we obtain Laplace's 
equation in the form 


is 


-- 0 


sinh? a 2 Цин cosh? 


Y ARN (sinh? а + cosh? 


8 28 d 
(154) 


In using this equation it is to be noted that the point (a, В, Y) 
is the point of intersection of a prolate spheroid whose semi- 
axes are 


b coth а major 
(155) 


b coch а minor 
a biparted hyperboloid of revolution whose semi-axes are 


b tanh В transverse axis | 


b sech В conjugate axis 


and a plane containing the axis of revolution and making the 
angle y with a fixed plane. If the fixed plane of reference 15 
that of X Y the rectangular co-ordinates of any point in space 


(а, В, тү) are 
x = b coth a tanh B 


у = b csch а sech В cos у (166) 


z = b csch о sech В sin у 
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and а may range from + o to 0, В from — o to + о, and y 
from 0 to 27. Negative values of В are to be taken for points 
lying to the left of a plane through the origin perpendicular to 
the axis of revolution; in this case, to the left of the YZ plane. 
(See Fig. 16). | 


POTENTIAL АТ ANY POINT ІМ SPACE 


If we are given the potentials of any two confocal hyperboloids 
of two sheets, that is, for any two values of В we can obtain 
the potential at any point in space between them. For in that 
case we have seen exactly as in the oblate spheroid problem that 
V is a function of В only, hence in Laplace's equation: 


Fic. 16—CoNFOCAL ELIPSE AND HYPERBOLA 


Since cosh? В is not equal to zero for all values of В Laplace's 
equation reduces in our case to 


с әу. 


à B = 0 (157) 
The solution of which is seen to be 
| V=AB+C | (158) 


Тһе constants А and C will be determined from the boundary 
conditions of the problem as before. 
Assuming the case 


У 2.0 чвеп В «0. 


ИО Pn ‚7. (169) 
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Substituting these values in equation (158) we get 
С = 0 


Vi 


Sure. 


Thus we may write our solution under these boundary conditions 
simply as 
| У-АВ (160) 


or since В = tanh^! 2 


ШЕ = 
eee eee 
жишш шиши 
КОНЕ ER 

AHH- 


t 


Le mE 12 


Fic. 17—CALCULATION OF POTENTIAL DISTRIBUTION ALONG THE X-AxXIS 


we may write it in terms of м and b as follows. | 
У = =. tanh-! -= (161) 
—1 Mı b 
tanh! — | 
b 3 


This equation enables us to calculate the potential at any point 
along the x axis between the foci and has been plotted in Fig. 
17 attached. 

A diagram of the field has been constructed in the same manner 
as described above for the oblate problem. (See Fig. 18). 
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POTENTIAL GRADIENT AT ANY POINT IN SPACE 


· Тһе potential gradient will be 


(162) 


where d п» is the elementary normal to the surface of the hyper- 


dV 
d п» 


The sign 


boloid (say for и = шо) under consideration. 
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which expresses the potential gradient is here taken as positive 


that is, d пҙ is assumed to be in the direction of increasing 


potential. 


In order to determine В we have the relation 


Hence, 


(163) 


Digitized by Google 
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We also have 


2и | 
d n» = he 
/M— y? 
d n: - ММ и d p 
and 
аш ДИ - № (164) 
d n: | № — д? E 


Thus for the gradient we have from équations (163) and (164) 


| Powe 
dV _ „484и , b А/Ё-и 


Simplifying 


a 
х 


A b | 
d "à У (D— p) (A? p?) ad 


which is the potential gradient at any point in space. It is 
observed that the potential gradient is independent of гү as is 
obvious from the symmetry of the problem. We may, therefore, 
express the potential gradient at any point in space in rectangu- 
lar co-ordinates with the help of the following relations (See 
Fig. 16). 

A = bcotha | 


и = Б ќапһ В 
апа 
х = b coth a tanh В 


У = b csch a sech В 


CURVES OF CONSTANT POTENTIAL GRADIENT 
The curves of constant potential gradient may now be ob- 
tained by putting equation equal to the various constant values 
desired. 


Thus, | 
ЧҮ 2. 045 00 
d п У (D — и?) (3 — и?) 
JED Мед So (166) 


G 
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Thus for any given condition and value of potential gradient 
G the right hand member of this equation is a constant. 

If we now substitute the values of А and и we may write it 
for the purpose of calculation. 


(съ) 


coth а = + q/ tanh? В + стер 
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or if tables of sech? В are not available we can write it 
| | (2) 
coth а = + ( tanh? B + _AG bf (167) 

№ 1—tanh? В 


- 


The values of x and y are 
х = b coth о tanh В | 
у = b csch а sech В 


The curves of constant potential gradient: as calculated from 
these equations are shown in Fig. 19. О 
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POTENTIAL GRADIENT ALONG THE X AXIS 
The value of the potential gradient at any point along the 
x axis between the origin and the foci may be found directly 
from the general equation (165) or independently as Tu 


It is the value obtained when y = 0 
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Substituting this value in the equation И eH 


‘| A = bcotha 


we have coth со = ] i 


and Л = Б в 


Hence substituting А = b in our рү, 20—CALCULATED Po- 
equation (165) for the potential TENTIAL GRADIENT ALONG 
gradient we get THE X-AXIS 
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for the value of the potential gradient along the x axis between 
the foci. The curve is shown in Fig. 20. 


SOLUTION FOR THE TUBES OF FLOW oF FLUX 
The total flux across any area may be defined as the surface 
integral of the normal component of the flux density; in the 
case of air dielectric, flux density and gradient а are equivalent. 
We may, therefore, write it 
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Substituting these values and simplifying we get 


A 


As far as the spacing of the surfaces of flow is concerned we may 
neglect the integration with respect to v by reason of the sym- 
metry of the tubes of flow about the axis of rotation. 


We thus have, 
dV 
ff es =A (Ao — ^i) 


52 


But we have seen that 
A = b coth & 


also that b coth a is the major semi-axis of the prolate spheroids. 
Therefore, equal tubes of flux will be obtained by taking equal 
spaces along the major axis of the spheroids. (See Figs. 18 
and 19). 
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INDUSTRIAL RESEARCH 
WITH SOME NOTES CONCERNING ITS SCOPE IN THE 
BELL TELEPHONE SYSTEM 


BY F. B. JEWETT 


ABSTRACT OF PAPER 


The interrelation of industrial and ''pure science" research 
and the restrictions which must be imposed to insure mutual 
existence. A brief outline of the scope and progress of industrial 
research in the Bell Telephone System. 


T IS with a feeling half of diffidence and half of apology that I 
venture to present a paper on industrial research at this time 

to the members of this great engineering organization. The 
diffidence arises from the fact that for the past few years, and 
particularly since the outbreak of the great world war, the terms, 
the emblems and the forms of industrial research, if not always 
the realities, have been so much a part of the industrial daily 
life of the nation that the working of them together in a paper 
seems trite and somewhat of a reflection on the intelligence of 
the Institute membership. The feeling is akin to that which 
many of us have experienced when, after numerous courses 
in mathematics which have made its general processes seem 
rather second-nature to us, we begin the study of logic and find 
there a detailed explanatory discussion of these processes. The 
query at once arises as to why anyone should care to write about 
matters so obvious, let alone why anyone should waste his time 
in the reading and studying of such writings. Under these con- 
ditions it is clear that to be of interest and value any paper on 
industrial research should be most carefully thought out and 
worked over. My apology to the members of the Institute 
results from the conditions under which I have labored for the 
past four or five months. The calls upon my time and energies 
for war work have been so great as to make the careful prepara- 
tion just referred to impossible. In other words, the doing of 
industrial research has, for the time being, shouldered out the 
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thinking and writing about industrial research. What follows 
must therefore be read with the understanding that it is the 
hurried jotting down of ideas which have been scattered and 
relegated to the background by the ceaseless day by day pressure 
for the results of industrial research in the grim game of human . 
destruction. | 

Much has been said and columns have been written on the 
wonderful achievements of industrial research in the past and 
on the stupendous effects which are to follow from industrial 
researches not yet undertaken. Іп fact, it seems to be the 
exception rather than the rule for a present day conversation 
to run its course without some reference to industrial research 
or its results. Under the circumstances it is sometimes sur- 
prising to find how little actual knowledge seems to exist as to 
what really constitutes industrial research or of the relations 
which it bears to research which is not industrial. On the other 
hand, we are frequently surprised by the evidences of real 
industrial research in hitherto unsuspected places. That indus- 
trial research has taken a firm place in shaping the destinies of 
our economic future, no one who is at all cognizant of the facts 
would for a moment deny. А partial picture of present condi- 
tions in the United States is interestingly shown in a recent 
paper entitled "Industrial Research in the United States of 
America" by Mr. А.Р. M. Fleming, M. I. E. E. 

As might be expected in a departure so radica! and relatively so 
new, the processes of industrial research have not as yet been 
applied to the various arts in anything like a uniform manner. 
A survey of present day conditions in the United States discloses 
the greatest progress in and the greatest results from industrial 
research in large electrical, chemical and metallurgical industries, 
where real scientific research methods were first applied and 
where its application has been carried to the greatest extreme. 
The electrical industries have been particularly fortunate in this 
respect, due largely to the fact that they had no generation-long 
traditions to overcome and to the further and more important 
fact that a large proportion of the leaders have been men edu- 
cated in technical schools and universities where the spirit of 
scientific research prevails. Under these conditions it is not 
strange that the value of industrial research should early have 
been recognized as a vital necessity in the electrical industries, 
nor that the methods of scientific research should have become 
so closely interwoven in all its processes. So effectually has this 
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dependence on research methods been established. in the larger 
electrical manufacturing organizations that no question is ever 
raised as to the proper method of attacking a. problem or a 
difficulty. Not only do we look to the established research 
departments for the production of most of that which 1$ radically 
new in the art but they have become and are, either directly or 
indirectly, our haven of succor when some particularly difficult 
and knotty problem arises. It is difficult for those of us who. 
have lived and worked long in this environment to appreciate 
any attitude of mind but the one which seeks the answer to a 
radically new problem in the processes ої scientific research. 
Thus far have we progressed from the era of the cut and try 
method—an era productive of much that was of inestimable 
value to the world. In comparing the present and prospective 
future with the past, we should also not lose sight of the fact 
that our so-called scientific methods would be of little avail were 
it not for the accumulation of facts laboriously dug out by em- 
pirical methods at a time when such methods were the only © 
ones that could be applied. 

While the development and beneficial results of industrial 
research are most apparent in the larger industries, where thev 
were first applied and where funds have been available for a 
continuation of the work during the period when scientific 
methods were on trial, the signs are numerous which indicate 
the rapid extension of scientific research to the smaller 
industries. These signs are shown principally in the growth 
of industrial research laboratories established for the purpose 
of assisting clients with research facilities in much the same 
way that consulting engineers have long assisted in engineer- 
ing matters; also in the formation of centralized research 
establishments destined to serve an association of individual 
manufacturers engaged in the same or similar lines of work. 
That this growth of :ndustrial research will continue at an ever- 
increasing rate seems beyond question. Тһе results thus far 
obtained leave no doubt as to the value of scientific methods 
when applied to industry and the truth of these results 1s becom- 
ing each day more clearly evident to the rank and file of those 
engaged in the production of material things. Тһе process of 
this evolution of thought and application is well illustrated by 
Macauley in his "Science of Government," where he says “First 
come hints, then fragments of svstems, then defective systems. 
The sound opinion, held for a time bv one bold speculator, 
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becomes the opinion of a small minority, of a strong majority, 
of the majority of mankind. Thus the great progress goes on.’ 

That the great war on which we are embarked 1s exerting an 
enormous, stimulating influence on the extension of industrial 
research is clearly evident. The limits, both in time and extent, 
seem now to be determined merely by the ability to obtain spec- 
ially trained men and women and the ability of the present indus- 
tries and their workers to absorb properly the serum of the new 
inoculation. While very great benefits will undoubtedly accrue 
from this extension of scientific research methods into the arts 
and industries where it has not hitherto penetrated, verv grave 
dangers undoubtedly attend the present forced growth. These 
dangers are two-fold in character. In' the first place, with the 
enormous demand for research workers and with the glowing 
prospects of hitherto undreamed of accomplishments, many men 
will undoubtedly undertake so-called research work for which 
they are essentially unfitted, both as to mentality and train- 
ing.  Atthe same time, alleged research activities will be start- 
ed on a large scale in places where there is little or no present 
call for such activities or where the nature of the problems is 
such as to necessitate a gradual building up of the research 
function. These two correlated factors, which are not at all 
unique to industrial research, since they in one way or another 
attend the publication of every new and useful achievement, 
wil undoubtedly result in temporary reactions against the 
scientific method and in favor of the so-called "practical method" 
The extent to which these reactions will prove deleterious to 
the general early extension of scientific methods of the various 
industries will depend very largely on the control and guidance 
which is exercised in the next few years and on the ability of 
our universities and technical schools to meet the large demands 
for capable, scientifically trained men which will be thrust 
upon them. 

This brings us to the second of the dangers, namely, the pos- 
sibility that the pressure of industrial research may react on 
universities and technical schools in such a way as to cripple 
them in their essential functions as a part of the general scheme 
of national economic development. In the chaos attendant 
upon the growth and development of this new element of our 
industrial fabric there has been a great deal of uncertainty as 
to the relations between so-called “риге” and industrial 
researches and the relation of the university to the industrial 
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research laboratory and its problems. А part of this chaotic 
condition is inherent in the nature of a situation which requires 
much experimentation before the road to theanswer 15 clearly 
marked out. A part, however, is undoubtedly due to failure 
properly to analvze the situation and assign to each element in 
the research program its real sphere of utility. 

The relations between pure and industrial research and be- 
tween the university laboratory and the industrial laboratory 
were very fully considered and very clearly set forth by-Colonel 
J. J. Carty in his Presidential Address at the annual meeting 
of this Institute in Cleveland in 1916. Colonel Carty pointed out 
that much of the confusion now existing was due to the fact 
that the methods employed in pure or academic research and in- 
dustrial research were identical and that from this had arisen a 
confusion of ideas based on the assumption that identity or lack 
of identity in the method was the yard-stick bv which research 
was to be designated as pure or industrial. Colonel Carty 
pointed out that the real distinction lay in the motive behind 
the research and not at all in the methods employed. Іп other 
words, two investigators starting from essentially the same 
basis of fact and pursuing practically identical paths to prac- 
tically identical conclusions could be, the one a performer of 
industrial research with a purely utilitarian motive, and the 
other a delver in pure research for the-purpose of enlarging the 
bounds of human knowledge and with no immediate utilitarian 
aim in view. | 

If, as Colonel Carty points out, the question of motive 1$ the 
essential determining factor which differentiates pure and indus- 
trial research, a thorough appreciation of this fact should tend 
to clanfy the situation as concerns the functions of academic 
institutions and their research laboratories in the industrial 
research problem. 

Viewed from the standpoint of motive, there would appear 
to be but little place in an academic institution or its labora- 
tories for real industrial research. Per contra, there would 
appear to be but little place for so-called ‘‘pure’’ research іп a 
strictly industrial organization. It does not necessarily follow 
from this that an academic institution should engage in no in- 
dustrial research, nor that an industrial institition should never 
undertake problems of pure research, for, on the one hand a certain 
direct and limited participation іп industrial research may be the 
best way to advance pure scientific research and the development 
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of men, while on the other hand, limited excursions іпіо the realms 
of pure science may react to the best interests of the industrial 
laboratory and its staff and be productive of real and worth- 
while extensions of the realm of knowledge. In such cases, 
however there should be no misunderstanding as to the govern- 
ing motives. 

Viewed іп the broadest possible way and considered as a part 
of a complete national organization, industrial and academic or 
pure science research laboratories are, of necessity, very closelv 
associated and must grow together and with the same relati. e 
vigor if the best interests of civilization are to be served. It 
is difficult to see how either could completely supplant the func- 
tions of the other. On the one hand, the academic institution, 
with its pure research laboratories, 15 engaged primarily in the 
education and development of men trained in scientific methods 
and in extending the realms of knowledge for the benefit of man- 
kind and without any particular utilitarian motive. On the other 
hand, the industrial research organization is engaged primarily 
in the utilization of trained scientists for the solution of utili- 
tarian problems; in other words, in the cultivation of the regions 
discovered and mapped out by the experimenters in pure science. 
Тһе industrial research organization is not a general educational 
institution and from its very nature cannot take over that func- 
tion of the university and technical school which has to do with 
the fundamental training of men. Further, since it is part 
and parcel of an institution, whose primary object is avowedly 
commercial production for the sake of monetary gain, and all 
of whose funds are derived from the sale of its wares, it cannot 
usurp in any large measure the functions of the university or 
the pure science research foundation without raising a grave 
question of ethics involving the body politic. 

If, therefore, the university and technical school are primarily 
what we have long considered them to be, namely, institutions 
for the training of men and for the carrying on of researches 
designed to enlarge the bounds of knowledge, and if, on the 
other hand, industrial research organizations are institutions 
which utilize the human product and the advances of the uni- 
versities in utilitarian adaptations, it follows that there is and 
can be no serious competition between the two, for, on the one 
hand, if the university or technical school should attempt to 
enter too largely into the realm of industrial research it would 
run the very grave risk of destroying its primary functions by 
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the establishment of an atmosphere highly prejudicial to the 
broad training of men ог to pure scientific research. Оп the 
other hand, the industrial research organization is not equipped 
to undertake the general work of the university either in the 
training of men or the conducting of pure research, nor can it 
afford to do so. From the very nature of its genesis, the util- 
itarian object is the motive controlling it. То be sure, occa- 
sional pieces of pure scientific research may from time to time 
emerge from the industrial laboratory, but this work will be 
small in comparison with the sum total of accomplishment in 
its proper field. 

But to succeed in its proper field industrial research must re- 
ceive a continual stream of capable men and women thor- 
oughly trained in methods of scientific research, thoroughly 
grounded as to the geography of knowledge, and competent to 
appreciate any extensions іп its boundaries and capable of im- 
mediately cultivating such extensions for the benefit of the par- 
ticular industrial research organization with which they are 
connected. Апу failure in the supply of men or any failure to 
advance the bounds of knowledge by pure scientific research 
will result inevitably in a strict limitation of industrial research. 
In referring to the work of the early chemists and alchemists, 
Sir William Tinney remarks that until men began to observe 
and interrogate nature for the sake of learning her wavs and 
without concentrating their attention on the expectation of 
useful applications of such knowledge, little or no progress 
was made. In other words, until a sufficient foundation of 
pure science has been successfully laid there can be no applied 
science. 

In considering the part which the educational institutions 
should play in the solution of research problems for indus- 
trial organizations, there are other factors which should not 
be lost sight of. As already indicated, there would appear to 
be a very real and imminent danger to its pure research function 
if the educational institution were to embark largely on the so- 
lution of industrial problems for commercial organizations. 
Such a course would establish an attempt to maintain in the 
same institution two sets of research activities impelled by anti- 
podal motives. On the one hand would be the group of pure 
scientific investigators, whose impelling motive was the desire 
to explore unknown regions and extend the bounds of knowledge 
without any thought of the immediate practical application of 
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the results of their work. The measure of their achievements 
would be the number and extent of the new facts brought to 
light. On the other hand, the industrial research group would 
be involved solely in the practical results of their work and 
the measure of their success would be an amount of money made 
or saved. | 

This state of affairs, involving the existence in the same insti- 
tution of two groups using the same methods but impelled by 
different motives, would not itself be serious if the financial sit- 
uation of the individual workers was relatively the same. Un- 
fortunately, this 1$ never the case. Having a monetary motive, 
success in industrial research is measured largely by a monetary 
reward and there would be, therefore, a strong tendency for 
industrial research workers in the educational institution to 
command and obtain larger emoluments than their confreres in 
the pure research field. Since academic salaries are, in the 
main, notoriously low, any scheme which would raise the general 
income of the industrial research worker above that of his co- 
worker in the pure research field would produce dissatisfaction 
and discontent and what is worse, a tendency for the major 
part of research abilitv to gravitate into the industrial field. 
Occasional exceptional instances of men so imbued with the 
love of scientific research that the question of monetary return 
is wholly secondary cannot outweigh the fact that in the great 
majority of cases the needs of life and family for the material 
necessities and comforts of life are a far stronger force in deter- 
mining a man's actions than any other. 

There is another factor of quite a different character which 
must be reckoned with. This is the element of human nature in 
man as at present constituted and as exemplified in the legal 
rules which he has evolved for the proper guidance of his affairs. 
Roughly speaking, in the material aspects of life human beings 
expect to enjoy for a time at least, the exclusive results of their 
efforts. This is certainly true in the realm of industrial research 
where those who advance money for its promotion expect to 
enjoy the proceeds which flow from its results. This is neither 
an unnatural nor an unworthy aspiration, but it does raise a 
considerable question as to the policy of an educational and 
pure research institution entering upon a relation with the pro- 
viders of funds which would tend to limit definitely the freedom 
of the institution in certain directions. For centuries early and 
full publication of the results of scientific research has been a 
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cherished prerogative of the research worker and of the institu- 
tion with which he was connected. If the institution is now to 
enter into a commercial relation with individuals and groups 
whereby it is to undertake the solution of their problems with 
the help of funds which they provide, it must expect to become 
in essence, merely a part of their organization and be governed 
to a large extent by the rules which govern in the commercial 
field. Моб the least of these rulesis the one which ordains that 
the results of industrial research shall be the exclusive property 
of those who accomplish it, either by being maintained in secret 
or by being protected by patent. 

The welfare of the university and the tech nical school іп their 
proper functions should therefore be a matter of the gravest 
concern to all who are engaged or interested in industrial research 
and we should be continually on the alert to see that their facili- 
ties are ample and functioning to full efficiency. From the 
standpoint of the writer, these facilities should be mainly those 
‘which will enable them to attack broadly problems of funda- 
mental scientific research—the facilities for industrial research 
being provided either by the individual industries themselves, by 
associations of manufacturers, or through the medium of indus- 
trial research laboratories equipped to undertake the solution of 
problems for clients. While these latter would, of course, be self- 
sustaining, they would not necessarily be money-making insti- 
tutions іп the ordinary sense. | 

Тһе second of the dangers of the present situation referred to 
above 1$ that under the enormous pressure for industrial research, 
engendered by war conditions, too large a proportion of the men 
capable of pure scientific research and the instruction of other 
men may be drawn away from their proper field of endeavor. If 
this withdrawal is but temporary and for the duration of the war, 
no great harm will probably result. If, on the other hand, there 
is danger that the withdrawals will be permanent, the results for 
the next decade will be serious indeed, since we will have erected 
the skeletons of huge industrial research organizations and find 
ourselves confronted with an inadequate supply of properly 
trained men to carry on the work. Further, there will be a long 


continued cessation of explorations in those regions where: 


exploration 1s most needed. For the good of the nation no stone 
should therefore be left unturned to provide suitable research 
facilities in à suitable research environment for every man who 
shows that he has that element of originality, without which 
progress is impossible. 


ң 
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From what has been written in the foregoing paragraphs it 
occurs to me that I may possibly have trenched too largely on 
the scope of the papers to be covered by Mr. Skinner and Pro- 
fesor Kennelly. If so, my excuse is that I have not had oppor- 
tunity to consult with them and also that it is difficult for me to 
set forth my ideas on industrial research without, at the same 
time, stating my viewpoint on the relations of industrial to pure 
or institutional research. Further, as my point of view may not 
be identical with that of the other writers, some useful purpose 
тау: be served by its presentation. 

Having set forth certain conditions which seem to me funda- 
mental and certain situations which appear to confront all of us 
who аге iriterested in the progress of industrial research, it may 
not be uninteresting to outline briefly the scope and progress of 
industrial research in the Bell Telephone System. 

The aim of this research is frankly utilitarian in character. 
The main and never-lost-sight-of aim of the work is the advance- 
ment of intelligence communication telephonically and tele- 
graphically by the application of the best scientific methods to 
the solution of the innumerable problems which arise. In the 
present stage of development the arteries of industrial research 
permeate a very large part of the organization. "This consider- 
able utilization of scientific research methods is not the result of a 
mushroom growth but is а gradual evolution through the ex- 
perience of many years. All of this experience has tended to 
confirm our conclusions that real advances in the art of telephony 
and telegraphy are to be looked for only in the results of broad- 
minded and painstaking research work. For many years, 
therefore, the constant effort has been to provide an ample staff 
of capable men, specially trained in scientific methods, and to 
place at the disposal of this staff whatever was necessary in the 
way of material facilities or human assistance. In common with 
many other industries engaged in the development of industrial 
research, the principal difficulty that has been experienced has 
been the securing of a sufficient number of trained workers. 
While not necessarily a reflection on the colleges, universities 
and technical schools, since their problem was a huge one, it is 
undoubtedly true that they have not in the past been able to 
secure, train and supply a sufficient number of skilled men and 
women to meet the evergrowing demands of industrial research. 
The result is that we of the Bell Telephone System are today 
confronted with a very large number of problems of the utmost 
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importance in the advancement of national and international 
communication work, and it is only through the greatest exer- 
tions that we have been able to secure and organize the specially 
trained force needed for their solution. | 

А common and not unnatural mistake concerning industrial 
` research is that its field is limited very largely to the solution of 
laboratory problems. I venture to say that if a hundred edu- 
cated and intelligent people in the ordinary pursuits of life were 
asked their ideas аз to what constituted industrial research the 
great majority of them would picture some sort of a building or 
buildings in which men were experimenting with bottles and 
glasses and chemicals or with mechanical or electrical instruments 
of some sort. Although the work which goes on in laboratories 
such as these is a vital and essential part of the industrial re- 
search problem, it is by no means the whole of its sum and sub- 
stance. In order to make the work of the laboratory investi- 
gator of maximum efficiency it 1% necessary in some way or other 
to formulate the requirements of his problems so that he may 
direct his energies along the straightest path to the desired goal. 
In many cases it 1s further necessary in some way to investigate 
carefully the products of laboratory work from the standpoint 
of their adaptability to commercial requirements and to the 
re-actions which they may bring about in more or less unexpected 
places. All of this follows directly from the fact frequently lost 
sight of, that what should be done depends in large measure on 
what can be done, and what can be done in turn on what it is 
essential to do. In other words, it is the old problem of the gun, 
the projectile and the armor in a slightly modified form. While 
a little thought indicates the necessity for a proper correlation 
between a study of requirements, the formulation of the prob- 
lems to be solved, the carrying on of the research; and a test of 
its results in their practical application, it is clear that no hard 
and fast scheme of organization, applicable alike to all industries, 
can be laid down. In fact, it seems that the proper methods are 
almost as numerous as the types of industry to be served and 
that they range from a condition, on the one hand, where the 
entire problem is undertaken by the man who actually performs 
the research to the other extreme, where each phase of the 
problem is in the hands of separate individuals, no one of whom 
encroaches in the slightest degree upon the field of his co-worker. 

As exemplified in the Bell Telephone System, the carrying on 
of industrial research does not lie at either of the above extremes, 
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although possibly 1% may approach slightly nearer to the latter 
than to the former condition. 

Broadly speaking, the organization of our industrial research 
can be divided into two main subdivisions: 

]. That part which is performed in the central Engineering 
Department of the American Telephone and Telegraph 
Company ; and 

2. That part which is performed in the centralized labora- 
tories of the Western Electric Company. 

In the first of these two divisions originate many of the re- 
quirements which call for the application of industrial research. 
This group, which constitutes in а way the central research 
department of the Bell System, is under the immediate direction 
of the Chief Engineer of the American Telephone and Telegraph 
Company, who has likewise general direction of the research 
problems undertaken by the second of the groups. The equip- 
ment of this group consists not of laboratories and apparatus but 
= of highly trained human beings, the whole forming ап organiza- 
tion capable of passing expert judgment on any of the vast num- 
ber of problems continually arising in the System. In this cen- 
tral analytical research department are conducted not only the 
studies tending to correlate the requirements for the specific 
research work needed by the Bell Companies, but also those 
broader studies of fundamental requirements of growth in an 
ever-expanding electrical intelligence communication system. 
The necessity for a group of this kind, equipped in the manner 
indicated, is the result of our years of experience with other and 
what now appear to be essentially faulty alternatives. 

From this first division of the research organization originate 
in large measure the sailing directions which govern the course 
of the physical and chemical researches carried on in the cen- 
tralized laboratories of the Western Electric Company. Without 
these sailing directions it would be impossible to carry on much 
of the work of the centralized laboratories, which is now produc- 
tive of results of great value. Before passing to an outline of the 
work of this second division, there is one point which should be 
clearly understood. This is the fact that while the research work 
of the Bell System is divided into the two main and essentially 
non-overlapping divisions noted above, it is not to be understood 
that the work of each of these divisions is carried on wholly 
independently of that of the other. Each group is in constant 
and direct communication with the other group and there is 
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nothing of the idea of a separate cell organization in the arrange- 
ment. In other words, there is no thought that the work in the 
first division will be entirely completed without consultation 
with those in the second division, or that of the second division 
without consultations with those in the first division. For 
example, in the formulation by engineers of the first division of a 
problem to be investigated in the physical or chemical research 
laboratories, the research men of these laboratories are drawn 
into the work in a preliminary way to avoid, so far as possible, 
any chance of such formulation as would result negatively or in- 
volve a large expenditure of time and money in essentially useless 
work. Very frequently this preliminary participation of the 
laboratory research workers modifies the requirements which 
were originally thought proper. 

As indicated above, the physical, chemical and mechanical 
research laboratories of the entire Bell System are centralized in 
the Western Electric Company and are under the immediate 
direction of its Chief Engineer. This centralization of laboratory 
facilities was adopted after a number of years' trial of other 
arrangements, involving at one time three large separate labora- 
tories. The experience of the past ten years has indicated clearly 
the desirability of the present arrangement in the System as now 
constituted. First and foremost, it makes available an extent 
of plant and staff not otherwise economically possible. It also 
tends to a more efficient utilization of this plant and staff on the 
major problems of the System by eliminating practically all 
duplication of effort, which previous experience indicated to be 
inevitable in a non-centralized laboratory organization. Finally, 
and not by any means least in importance, is the material 
advantage of having the research laboratories closely associated 
with the manufacturing part of the System. This advantage is 
the direct consequence of the fact that practically all of the 
results of our research work find their immediate fruition in 
physical apparatus which is to be constructed іп large quantities 
under modern manufacturing methods. Any failure, therefore, 
to co-ordinate closely the work of the industrial research depart- 
ment with that of the manufacturing department would result 
in considerable delavs and inconveniences and great monetary 
loss. 

For purposes of administration and the more efficient carrying 
on of the work, the laboratory is divided loosely into a number of 
principal divisions, each concerned with some general phase of 
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the industrial research problems peculiar to the telephone and 
telegraph industry. Thus we have the chemical laboratory, 
dealing with the class of problems its name indicates; the trans- 
mission laboratory, dealing with those researches which are 
peculiarly involved with telephone transmitters, receivers and 
the efficient transmission of speech and telegraph currents; the 
fundamental physical research laboratory, which deals with the 
broader physical problems of the industry; the general physical 
laboratory, which deals with the more specific and immediate 
problems; the manual and machine switching circuit laboratories, 
which deal with those problems peculiar to the complicated 
networks which form such an integral part of modern communi- 
cation svstems; and finally, the various telegraph, mechanical 
and metallurgical laboratories, which deal with specific probiems 
in other spheres of the work. All of these various laboratories 
are organized to work in the closest harmony and without un- 
necessary duplication. Very frequently the solution of some 
research problem involves the co-operation of three or four of the 
groups, each group handling the particular element of the prob- 
lem for which its personnel and equipment particularly adapts it. 
Very frequently also problems arise which necessitate the forma- 
tion of a special group selected from the various parts of the 
organization, with particular reference to the work in hand— 
this group being disbanded on the completion, or re-organized as 
the work progresses. 

As indicated above, the laboratories of the Western Electric 
Company handle the physical, chemical and mechanical re- 
searches for the entire Bell System. Іп large measure these 
problems are those formulated as a result of the analvtical 
researches of the first group noted above, namely, that under the 
immediate supervision of the Chief Engineer of the System. In 
the carrying on of this work with a staff of expert research in- 
vestigators, many collateral problems arise. These problems. 
after preliminary investigation, are discussed with and studied 
Бу the members of the first group and if found to be of essential 
value in the art of communication they are put in the way of full 
and proper solution. 

In conclusion, and judging the future by the evidence of the 
recent past, it seems clear that our industrial research problems 
are destined to grow enormously, provided an adequate supplv 
of capable and highly trained investigators can be secured. 
This, and this alone, seems to mark the only practical limitation 
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to the size of our research organizations, since experience has 
shown that where the proper type of trained mind can be applied 
the financial results invariably return many times the cost of the 
research. То secure the necessary men, those charged with the 
direction of industrial research must look to the universities and 
higher technical schools. We must see that in our zeal to obtain 
immediate results we do not jeopardize our future by taking from 
the institutions the instructors and research men who can be of 
more service to the industries of the countries in their academic 
pursuits than they could be in industrial occupations. 
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ANNUAL LOAD RELIEF MAP, PEAK LOAD AND LOAD 
FACTOR ANALYSIS 


BY WM. LE ROY ROBERTSON 


ABSTRACT OF PAPER 


Description of the annual load relief map which is a device 
for visualizing the entire yearly load of central stations. 

Review of load characteristics, as exemplified by the annual 
load relief map. 

Notes on daylight saving relative to the decreasing of peak 
load, and improvement in load factor. 

Analysis of load factors as applied to “Базе” and “Чор” loads 
demonstrating the large amount of idle capacity peculiar to cen- 
tral stations. 

Annual load relief map valuable in the study and exempli- 
fication of all matters having to do with central station loads. 


HE familiar daily load diagram is plotted by practically all 

electric light and power companies. The accumulation of 
these curves sóon becomes a mere record, usually filed away in 
some manner and always available for reference, and for the 
study of load conditions. When considering the load throughout 
the year it is difficult to obtain a comprehensive idea of the whole 
since it is necessary to glance separately at the greater portion of 
365 sheets. Such a record locks up a desired vision in confusion. 

The Annual Load Relief Map is a device for visualizing the 
entire load of the year. Each daily load diagram is marked off 
on card board and cut out. The cards are stacked up in proper 
daily sequence, mounted and provided with graduations for 
kilowatts, hours of the day and months of the year, all properly 
arranged. The annual load relief map is illustrated in Figs. 1, 2, 
and 7, showing the Philadelphia load during the year 1916. 

Day Load. A distinctive feature brought out by the annual 
load relief map is the contour of the day load which is consistently 
uniform throughout the year, always picking up between 7:00 
to 8:00 a. m., having a valley at noon and then falling off punc- 
tually at about 5:00 p. m. This stands out clearly on the annual 
load relief map Fig. 2; and especially well, if one will imagine 
the absence of the night load where it overlaps the day load at 
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5:00 p. m. The day load corresponds closely to the regular 
average working day. 

Night Load. Тһе night load which picks up rapidly at 8:00 
p. m. in mid-summer, and at about 4:30 p. m. to 5:00 p. m. in 
winter, corresponds closely to the lighting load. It depends 
absolutely upon the hour of sunset for its beginning and falls off 
rapidly, shortly after reaching its peak value. After midnight, 
it settles down to a low value and drops off almost entirely when 
the street lighting goes off near sunrise. In summer a deep 
valley will be seen in the morning, (Fig. 2) between the ‘‘fall-off’’ 
of the night load and the beginning of the day load, while in 
winter the loads overlap in the morning, filling up this valley. 

Peaks. During the summer months there are three distinct 
peaks—one occurring about 8:00 a. m.; one about 5:00 p.m.; and 
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the third about 8:00 p. m. With the approaching fall and winter 
months, and as the sun sets earlier each day, the 8:00 p. m. peak 
moves back toward the 5:00 p. m. peak and near the end of 
September the two peaks overlap, giving a combined peak greatly 
exceeding any other peak, which rapidly increases in height until 
the middle or latter part of December, when it becomes the 
greatest peak of the year. As the spring months approach the 
combined peak diminishes and finally near the end of March, 
disintegrates, forming again the two separate peaks. While the 
above is a well known fact, the annual load relief map presents 
the changing condition in a most striking manner. 

Daylight Saving. During the past year or more, twelve 
European countries have adopted the plan of setting the clock 
one hour ahead during the summer months, in order to utilize 
a greater amount of daylight. Nova Scotia on this continent 
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has also adopted the plan. Тһе cities of Detroit and Cleveland 
have practically accomplished the same thing by adopting 
Eastern Standard Time; and, further, the Committee on Day- 
light Saving of the Chamber of Commerce of the United States, 
in its report of February 1, 1917, recommended that Congress 
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adopt the plan throughout the United States—advancing the 
clock one hour throughout the year; and, as an alternative plan, 
advancing the clock one hour during summer only. 

The annual load relief map will be found useful in conjunction 
with the study of the effect of daylight saving on peak loads. 
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Advancing the clock will have the same effect as shifting the day 
load back from the night load. Looking at Fig. 2, it will be seen 
that by shifting back the day load the valley between the 5:00 
p. m. and 8:00 p. m. peaks will extend over a longer period during 
the summer; and if shifted back sufficiently, this valley will ex- 
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tend over the entire year, thus causing the big peak to disin- 
tegrate into the two separate peaks, eliminating entirely the big 
peak. 

In order to entirely eliminate the big peak in Philadelphia, 
it is estimated that the clock should be set forward one and one- 
half hours. Fig. 3 illustrates what might have been the effect 
on the peak load in Philadelphia, had daylight saving been 
adopted during 1916. It should be understood, however, that 
these curves are merely a rough prediction, as it would be im- 
possible to attempt to forecast the actual result. | 

The shifting back of the day load would also cause it to over- 
lap the early morning load to a greater extent. This would т- 
crease the morning peak at 8:00 а. m.; but as the morning load 1$ 
small, the increase would not be great. However, should winter 
office hours begin before daylight then the 
morning peak would obtain greater proportion. 

Fig. 4 shows the effect of daylight saving 
on peak loads in Cleveland, while Fig. 5 
shows the effect in Detroit. Cleveland's peak 
has greatly reduced, and it will be noted 
that the load factor has materially improved. 
In Detroit, it is understood that the radical 
change in the peak load has also been effected 
by other conditions than that of adopting 
Eastern Standard Time, t.e., the load has 
greatly increased and all gem lamps have been 
changed over to Mazda’s, during this period. 
The load curves givenin Figs. 4 and 5 were 
furnished through the courtesy of the Cleveland Electric Illum- 
inating Co. and the Detroit Edison Company, respectively. 

Base and Top Loads—Load Factors. The total load оп any 
central station may be divided into two sections as follows: 
Base load; top load. The sum of which equals the annual peak 
load, and the dividing line being a matter of judgment, as illus- 
trated in Fig. 6. 

After assuming any dividing line between the base and the top 
sections of the load, the annual load factor for the base section 
and the annual load factor for the top section may be computed 
from the 365 daily load curves covering the year in question. 
For a given annual load factor of the total load, the computed 
load factors of the base and top sections will not vary greatly 
between various central stations, as all central stations have very 
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similar load diagrams and considerable variation in the individual 
load diagram may take place before the load factors are affected. 

Table I gives load factors of the base and top sections of the 
load, corresponding to а number of selected dividing lines, and 
repeated for several annual load factors of the total load. The 


TABLE I 
LOAD FACTORS OF VARIOUS BASE AND TOP LOADS 


Dividing line 3092, load factor 40% load factor 
between of total load of total load 
base and top loads (annual) (annual) 
Annual Annual Annual Annual 
load load load load 
Base Top Total factor factor factor factor 
load in load in load in of the of the of the of the 
per cent. | per cent. | per cent. | base load top load base load top load 
100 0 100 30% 0 % 40% 0 % 
80 20 100 37% м % 49% м % 
60 40 100 50% 1 % 64% 2 % 
50 50 100 58% 2 % 74%, 6 % 
40 60 100 69% 5 % 82% 11 % 
20 80 100 91% 14 % 97% 26 % 
0 100 100 100% 30 % 100% 40 % 
Dividing line 50% load factor 60% load factor 
between of total load of total load 
base and top loads (annual (annual) 
Annual Annual Annual Annual 
load load load load 
Base Top Total | factor factor factor factor 
load in load in load in of the of the of the of the 
per cent. | per cent. | per cent. | base load top load base load top load 
100 0 100 50% 0% 60% 0% 
80 20 100 61% 1% 71% ` 5% 
60 40 100 76% 9% 86% 19% 
50 50 100 85% 15% 92% 27% 
40 60 100 93% 22% 97% 35% 
20 80 100 99% 38% 100% 50% 
0 100 . 100 100% 50% 100% 60% 


data in this table are presented here through the courtesy of L. B. 
Stillwell, Consulting Engineers, New York, from whom the in- 
formation was obtained. 

The results in Table I are most illuminating. Take for in- 
stance the case of a central station having an annual load factor 
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of 40 per cent, it will be noted from the table that there is 50 per 
cent of the load, t.e., top load which has an annual load factor 
of only 6 per cent, or stating this in a more practical sense— 
there is equipment in such a plant sufficient in capacity to carry 
90 per cent of the maximum load which is idle 94 per cent of the 
time. Take another case of а company with a 30 per cent 
annual load factor: there is equipment in this plant sufficient 
-in capacity to carry 60 per cent of the maximum load which is 
idle 95 per cent of the time. Апу one having difficulty іп con- 
ceiving these facts will find that the annual load relief map will 
aid in making them clear. Here the "dividing line" becomes а 
dividing plane, and it will be noted that the top section of the 
load above the plane for the entire year is indeed very small 
when the dividing plane is at 50 per cent of the maximum load 
or above. 

By examining the annual load relief map, it will be noted that 
the empty void between the contour of the load and a horizontal 
plane placed at the tip of the highest peak represents the business 
that a central station can theoretically carry along with its 
present business without increasing its equipment. If the cen- 
tral station load factor is 33 per cent, then this void represents 
200 per cent of the business already carried. In cutting out the 
cards of an annual load relief map, if the upper half of the card 
is saved and stacked up, the mass of cards will represent the 
additional business that could be carried in theory by a central 
station without increasing the capacity. Fig: 7 represents the 
upper part of the annual load relief map. Here it will be noted 
that all the Saturdays and Sundays were separated and stacked 
separately at one end, in order not to hide the effect of the week 
days. | 

After the author devised the annual load relief map, it was 
learned that Mr. H. A. Barre of the Pacific Light & Power Cor- 
poration of Los Angeles, California, has been making use of 
practically the same scheme for the past several years. In con- 
nection with certain analysis of the relative values of water 
power and steam reserve, Mr. Barre found use for such a device 
in order to explain to the banker's satisfaction how much power 
would be carricd by the water power, and how much by the 
steam reserve. At first, he experimented with a cube of wood, 
sawing along the line of the daily and yearly contours of the load 
which were respectively laid out on the faces of the cube at right 
angles, and later he stacked up the cards. Fig. 8 is a photograph, 
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which was very kindly furnished by Mr. Barre, showing his plan. 
Each diagram is cut out in paper and placed in the file—5 years 
would be 7 to 8 in. (17.7 to 20.3 cm.) thick. 

It might be suggested that commercial men may find much 
interest in following up the load growth from year to year upon 
the annual load relief map, and again the device may be useful 
as an aid in explaining various problems in connection with rates 
and investment before public service commissions. 


To be presented at,a meeting of the San Francisco 
Section of the American Institute of Electrical 
Engineers, San Francisco, Cal., January 25, 1018. 
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CORONA TESTS AT HIGH ALTITUDE 


BY B. F. JAKOBSEN 


ABSTRACT OF PAPER 


This paper describes some corona tests which were made in 
Peru cn a 70-mile transmission line located at an average altitude 
of 13,500 feet. The voltages range from 40,000 to about 72,000. 

The method employed in the tests is described and the calcula- 
tions are given. The corona losses were found by subtracting the 
core and copper losses of the transformers and the line copper 
losses due to the line charging currents from the total loss 
measured.  Core-loss tests were made on the transformers in 
order to check these against the shop tests. Тһе highest voltage 
experimented with was 72,300 when a corona loss of 153 kw. was 
found, or a little over two kw. per mile of line. 

The results are compared to ‘‘Peek’s law" and a wide diver- 
gence found, amounting to over 800 per cent at about 66,000 
volts and a loss of 58 kw. 

Close correspondence is found between these tests and those 
made by Faccioli on the Shoshont-Leadville line, and the 
equation of the loss-voltage curve obtained is the same as was 
established by Faccioli, and shows this relation to belogarithmic 
and not quadratic for the voltage range investigated. 

It is shown that the results are in good agreement with the 
formulas deduced by Professor Ryan from extensive laboratory 
tests. 

Finally test data are given for a test made during rainy 
weather and this shows no appreciable difference from tests made 
during fair weather. 


INTRODUCTION BY FRANK G. BAUM 


There has been installed іп Peru under the writer's direction а 
hydroelectric plant having about 120 mi. (193.1 km.) of trans- 
mission line, running from 12,000 to 14,000 ft. (3,657.6 to 
4,267.2 m.) elevation, with most of the line at about 13,000 ft. 
(3,962.4 m.). 

I considered this an excellent opportunity to make some actual 
corona tests at high altitude, as these would be of value to the 
profession. The results are shown in the report of a test on 68.4 
mi. (110 km.) of three-phase line by Mr. B. F. Jakobsen, elec- 
trical engineer. 

The results are encouraging, in that the actual losses are 
less than expected, and as this fact influences to some extent 

Manuscript of this paper was received October 3, 1917. 
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the size of wire to be chosen, it is seen that the matter is of prac- 
tical importance to the electrical profession. . 


Probably there is no line which has more severe lightning 
conditions than this one. And no doubt the high altitude and: 
consequent light air pressure allows atmospheric discharges that 
would not occur at lower altitudes for the same cloud potential 
conditions, for the same reasons that we have corona at high 
altitude for less voltage than at low altitude. 

While not directly related to corona 1t may be of interest to 
know that the transmission has been freer from lightning troubles 
than anticipated. One line about 90 mi. (144.8 km.) long is 
operated at 44,000 volts, Y grounded, (this line was formerly 
delta operated as mentioned in the test report) and another 
line about 20 mi. (32.1 km.) long is operated 25,000 volts, delta 
ungrounded. Aluminum lightning arresters and horn gaps 
are used. The Y line is more free from lightning troubles than 
the delta line, but the amount of trouble on either line has been 
almost negligible. 


T THE request of Mr. Frank G. Baum of San Francisco 
some corona tests were made in April 1914 in Peru, South 
America on а newly constructed transmission line. Тһе tests 
were made on that part of the line which runs from the power 
house at Oroya (12,250 ft. or 3,733.8 m. elevation) to the smelter 
substation at La Fundicion (about 14,000 ft. elevation), see 
profile Fig. 1. 

Several tests were made at frequencies near normal (60 cycles) 
and as these tests gave practically identical results, only two 
are given herewith, one for fair weather and one for rainy 
weather. 

А frequency of 61.1 cycles was chosen as this was the highest 
at which the water-wheels could be operated under control of 
their governors. 

Power Plant Data. At the power plant there are three 5000- 
h.p. generating units, each consisting of two impulse-type 
waterwheels direct connected to one 60-cycle, 2300-volt, 3-phase 
star-connected, ungrounded-neutral generator. For each gen- 
erating unit there is provided three 1000-kv-a. 2300—55,000- 
volt transformers, connected in delta on both sides. АП instru- 
ment transformers were in the 2300-volt leads between the 
generators and the transformers. 
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Transmission Line Data. Тһе line consists of two three-phase 
circuits of No. 1 B. & S. stranded copper wire and a grounded 
steel cable 14 in. (6.8 mm.) diameter, carried on one steel-pole 
line and arranged as shown in Fig. 2. Each circuit was given 
two complete transpositions between Oroya and La Fundicion 
and the distance from Oroya to La Fundicion along the line is 
68.4 mi. (110 km.) and the normal operating voltage is 44,000. 

The line constants! are as follows: 


Resistance of one wire, 68.4 mi. at 20 deg. cent.... 46.2 
Reactance of one wire, 68.4 mi. at 61.1 cycles....... 54.6 
Impedance of one wire, 68.4 п1................... 71.6 


Susceptance of one wire, 68.4 mi. and 61.1 cycles.. 387X10-$ 


One unit only was used in these tests, but during all the tests 
about 2500 kw. at а power factor of about 0.6? was carried on 


Inca Hill 
14995” 


Mean Elevation 13300’ 
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Fic. 1—PROFILE OF LINE, OROYA TO LA FUNDICION 


one of the other units and transmitted to the smelter substation 
over one of the two circuits. 

Transformer Data. Тһе name plates of the transformers had 
been lost and the shop-test data could therefore not be applied 
to each transformer. The resistance of the three high-tension 
windings in series was measured at 21 deg. cent. with a Wheat- 
stone bridge, and the average taken. The resistance of thelow- 
tension windings was taken as the average of the nine transfor- 
mers from the shop report, as the Wheatstone bridge was not 
adaptable for measuring such small resistances. Тһе impedance 
_ drop was assumed equal to the average for the nine transformers 

taken from the shop-test report, as it could not readily be 

measured with the available equipment. The average im- 
1. Trans., А. I. E. E. 1911 Vol. XXX, Part III, p. 2264. 

2. Тһе 1500-h.p. synchronous motor provided at the smelter substation 


to improve the power factor was not ready for operation when the tests 
were made. 
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pedance drop at 60 cycles is 4.105 per cent; assuming 2.105 
per cent for the high-tension winding and 2.0 per cent for the 
low-tension winding, the transformer constants at 21 deg. cent. 
and 61.1 cycles, with 2300—55,000-volt connection and ex- 
pressed on the high-tension side, are: High-tension winding: 


К = 11.45; X = 02.6, and Z = 63.6; 
Low-tension winding: 
| r = 12.5; x = 56.65, апа z = 57.95 


Meters and. Insirument Transformers. Тһе instruments used 
were standard switchboard instruments furnished with the Oroyo 
switchboard and the current transformers for the ammeter and 
the indicating and integrating wattmeters were 1200-5 amperes 


М Steel Wire - ZA > 
2 Ё | ЭЭ 8 5 
8-4 4 Stranded Copper Wire: 


E Le 


C L. of Pole. 
» а В 


Fic. 2—ARRANGEMENT OF WIRES ON TRANSMISSION LINE. 


ratio. In order to augment the readings on these instruments, 
300-5-ampere current transformers were connected in series with 
the 1200-5-ampere current transformers on the 2300-volt side 
and in parallel on the instrument side, thus increasing the read- 
ings in proportion of “1 to 5. No power factor indicator was 
available. 

Method of Tests. Before starting the corona tests, a test was 
made to determine the transformer exciting current and the 
core loss for the range of voltages and frequencies to be employed. . 
In this test the generator current (equals У 3 times trans- 
former exciting current), generator voltage, kilowatts and fre- 
quency were measured. 

For the corona tests these same quantities were measured and 
the corona loss obtained by subtracting the transformer core 
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losses, transformer copper losses and the line copper loss due to. 
the charging current from the total generator output. 

Calculations. Fig. 3 shows the diggram of connections and 
Fig. 4 the corresponding vector diagram, wherein: * 


E, = generator voltage 

Е, transformer core voltage 

E, = line voltage at generator end 

Ij = charging current per wire 

Ij = corona current (equivalent sine value) 


I, = line current per wire 
I, = transformer exciting current 
I, = generator current = V 3 Г, 


all expressed on the high-tension side and all voltages between - 
wires. 


E Em 


УЗ T, 
Fic. 3 Fic. 4 


The current I.o due to corona is quite small in all these tests; 
at 72.3 kv. the corona loss is 153 kw. and the equivalent sine 
current? in phase with the voltage is 


Тео = 153 + 178 X 72.3 = 1.22 amperes 


The corona current has therefore been entirely neglected in 
the computations. 

Referring to the vector diagram Fig. 4, the line charging 
current is very nearly 90 deg. out of phase with the vol- 
tage* and for voltages above 50 kv. the generator current due 


3. See oscillographs by Bennett, A.I.E.E., TRANS., Vol. 32, p. 1787 and 
cyclogram by Prof. Ryan, p. 1825 and remarks under 8 on p. 1827, Vol. 32. 
4. At 72.3 kv. the charging current is 16.3 amperes and the line loss for 
.  16,3* 46.2 | 
3 wires — 1000 ^" 12.2 kw. and the resulting power factor 0.0975 
and angle — 84° 20'. For smaller voltages this power factor is still 
smaller. 
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to the transformer exciting currents is very nearly 90 deg. out 
of phase with the generator voltage, see Fig. 7. Тһе generator 
current during the corona test is also nearly 90 deg. out of 
phase with*the generator voltage (the current leads), except for 
the higher voltages when the generator current is small, (see 


Fig. 8) as the line current and v 3 times the transformer exciting 
current more nearly balance each other. Since also the trans- 
former reactances are several times larger than the corresponding 
resistances, and the drop due to the transformer resistances, 
with the currents involved, is comparatively very small and at 
right angles to the generator voltage, it follows that the vector 
relations shown in Fig. 5, may be sub- 
stituted for those shown in Fig. 4. АП 1 
-this simplifies the calculations very. 
materially without introducing any ap- 
preciable errors, as far as current and 
voltage calculations are concerned. 
Formulas. Line. Neglecting the volt- 
age component due to the charging cur-_ Fic 5 
rent and the line resistance, as this 
component is very nearly 90 deg. out of phase with the line 
voltage and comparatively very small. Let 
Е, = voltage at receiver end, of line when the current at 
receiver end is zero, then? 


о 
bx 
Dec 
2 
b — line susceptance for one wire agd voltage to neutral, 
x — line reactance for one wire; 


IE E, ( 2 


m 1— 25) аа Е, = 


Combining: 


(2) 
Ia = 0.226 E, amperes. 
Line Loss Due to Charging Current. Assuming the charging 


current per unit length of line to be constant, or in other words, 
m TEE —— uz COO IC" Cu ——————— sw 
5. Hagood, A. I. E. E., TRANs., Vol. 32, p. 868. 
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that the current on the line is, at any point, directly propor- 
tional to its distance from the receiver end of the line, then; 


5 : 
1a = Ila кі where ter 


charging current s miles from the re- 
ceiver end of the line and 


S = total length of line. 
Га = line charging current at generator end. 
5 2 
Loss on three wires = 3 | Ід? = < ds = Іа? Xr (3) 
0 
_ 236 X E? 
1000 ын 
Voltage rise in low-tension transformer windings: 
Е,- E, = I, X x + 1.78 = 0.0327 І, (4) 
Voltage rise in high-tension transformer windings: 
E, — E, = Ia X + 1.78 = 0.00816 Е, (5) 


In (4) and (5) all voltages are in kilovolts and for leading 
currents. 
Loss in low-tension transformer windings: 


2 
JE) 8” _ А 
( 75) х то = 09125 1, kw. (6) 


Loss іп high-tension transformer windings: 


I ch àr 2 9. 

T; x 1000 = 0.585 E,? + 1000 kw. (7) 
Combining (3) and (7), the loss on the line and in the high- 
tension windings together is 


2.945 E,? + 1000 kw. (8) 


Core Loss Test. The result of this test is plotted in Fig. 7; 
the relation between the integrating wattmeter readings and the 
indicating wattmeter readings is plotted in Fig. 6. Тһе indi- 
cating wattmeter readings have been corrected as per curve B 
Fig. 6 for use in Fig. 7.. The frequency was 61.1 cycles. 


956 JAKOBSEN: CORONA TESTS [Jan. 25 


Remarks оп Wattmeter Accuracy. As already stated two cur- 
rent transformers with different ratios were in series on the 
2300-volt side and in parallel on the instrument side. Full 
rated current on the 1200-5 ampere current transformers is 
about 50 amperes (on the high-tension side) and 12.5 amperes 
for the 300-5 ampere current transformers. 

At 55 kv. and 61.1 cycles, the core loss for three transformers is 
(Fig. 7) 24.5 kw.; theexciting current times 'V/ 3 is 2.65 amperes. 
- Three times the average core loss of the nine transformers at 
60 cycles is according to the shop test report 21.94 and the 
average for the exciting current times V 3 is 2.75 amperes. 
The core loss for the nine transformers varies between a minimum 


ng and Indicating, | | | | | [| 
er Readings | | | | | 7. 
rve Ci Corona Test 


(Leading Current) 


TARE 

2200 

К Гаа ат RC UR E 

20 40 60 80 100 120 140 160 
INDICATING WATTMETER KW. 


Fic. 6 


of 6.9 kw. a maximum of 7.81 kw., while V 3 times the exciting 
current varies from 2.16 to 3.41 amperes. 

The influence of the frequency upon the core loss may be 
estimated roughly, as follows: 


voltage = е = cf B ) 
| (9) 
core loss = p k f В3-% 
where, 
c and k are constants, 
f = frequency, 
В = magnetic flux per unit area of core, and 


the exponent 3.34 is calculated for values between 50 kv. and 60 
kv. from Fig. 7. 
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From (9) it is found, that the core loss at 61.1 cycles is about 
96.5 per cent of the core loss at 60 cycles; the core loss as meas- 
ured was 24.5 kw. at 61.1 cycles and would accordingly have 
been 25.4 kw. at 60 cycles. Тһе shop tests? give for the three 
transformers with highest core loss only 22.62 kw. or about 11 
per cent less than found in the above test. | 

This discrepancy may be due solely to the instruments апа 
their transformers and in that case would indicate a correction 
angle of about 40 min. and that the resultant secondary current 
of the current transformers lead the primary current, t.e., the 
generator current? In this case, we could expect wattmeter 
readings about 11 per cent low for the same current and voltage, 
but a leading current. 


0.4 
60 12 
50 10 
p 98 
= c 
іш 
53 6 
€ « 
20 4 Wattmeter 
Reading 
10 2 
0 0 | : | 
2468 2468 2468 
40 50 60 
TRANSFORMER VOLTAGE IN KILOVOLTS 


Fic. 7 


However, the values for core losses given in the shop reports 
are for a sine form of the e.m.f. wave. When operating on 
open circuit, the generator e.m.f. wave is practically a sine curve, 
but when the transformers are connected to the generator and 
with the star-delta-delta connection used here, it is likely that 
a fifth harmonic in excess of the amount demanded by the 
. hysteresis cycle? appears in the transformer and generator cur- 
rents, causing a fifth harmonic to appear in the e.m.f. waves with 
a corresponding flattening of the voltage crest? and a corres- 
4.40; 7.81; 7.30; 7.41 and 7.325 kw. respectively for the nine transformers 
in the Oroya power plant. 

7. Robinson, A. I. E. E., TRANs., Vol. 28, page 1005. 

8. Janet, Lecons d'electrotechnique générale, 2 Ed., Vol. 2 p. 191. 

9. Curtis, A.I.E.E., TRANs., Vol. 33, p. 1273 and Figs. 10, 11 and 12. 


——-+—є —— —— — — À — 
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ponding increase of core loss for the same effective voltage. If, 
as a limiting value, the e.m.f. wave form was rectangular, the 
core loss would be about 1.11% or 51 per cent in excess of the 
core loss for a sine wave with the same effective voltage and 
same frequency.!? 


TABLE I.—CORONA TEST. 61.1 CYCLES. 
(Values given for high-tension side of transformers.) 


Generator volt-| Generator cur- Indicating Integrating 
age in kv. rent in amperes| wattmeter kw. | wattmeter kw. . 

40.5 9.2 11 18.7 
43.0 9.61 14 21.6 
45.5 10.0 16 | 
45.3 9.97 16 24.9 
47.8 10.24 18 
47.3 10.2 18 28.2 
50.1 10.49 22 
50.0 10.48 22 33.5 
52.9 10.58 29 
52.8 10.58 30 40.5 
55.1 10.5 37 
55.1 10.5 37 47.9 
57.9 10.2 51 
60.0 9.71 64 61.0 
62.1 9.1 78 73.2 
64.5 7.95 108 86.5 
66.9 6.7 140 
69.3 5.1 183 
71.6 3.6 237 
69.3 5.15 177 
66.9 6.98 135 
64.5 8.12 105 
62.1 9.24 77 
59.7 9.81 64 
57.2 10.29 50 
55.1 10.24 41 
52.6 10.58 34 
50.3 10.5 28 
64.6 127. 111 126 
67.2 6.31 149 149 


Тре integrating wattmeter readings were calculated from the 
formula: Kw. = 11,520 R/T where В is the revolutions of 


aluminum disk for Т seconds. Тһе readings were taken for one ` 


revolution of disk and the time, varied from 123 to 15.4 seconds 
and was taken by a stop watch. | 

All readings are actual readings, so that the ammeter and 
wattmeter readings are to be multiplied by 1/5 and the volt- 
meter reading by 20 in order to obtain actual values. 


10. Kapp, Transformatoren für Wechselstrom and Drehstrom, 2 Ed. 
p. 23. 
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TABLE II*.—CORONA TEST. 61.1 CYCLES 


! Generator volt- | Generator am- Indicating Integrating 
| meter volts meter amperes |wattmeter read-| wattmeter read- 
ings kw. ings seconds 
f | 
1 84.8 1100 55 123 | 
2 90.0 1150 70 106 | 
95.3 1195 80 i 
| | 94.9 1192 80 9226 | 
100.0 1225 90 
(0.1 |989 1220 90 ms 
3 105.0 1254 110 68 5 
> 1104.7 1252 110 E 
110.9 1265 145 2 
6 110.8 1265 150 96:8 
115.5 1258 185 
d 115.4 1258 185 35:0 
8 121.2 1220 255 37.6 
9 125.7 1163 320 31.4 
10 130.0 1038 390 26.6 
11 135.0 950 540 
12 140.0 800 700 
13 145.6 610 915 
! 14 150.0 430 1185 
| 15 145.0 615 885 
16 140.0 834 675 
17 135.0 970 525 
18 130.0 1105 385 
19 125.0 1175 320 
20 119.8 1230 250 
21 115.5 1255 205 
22 110.3 1265 170 
23 105.3 1257 140 
24 135.5 920 555 19.8 
25 140 8 755 745 15.4 


*Measurements as actually taken and from which Table I was derived. 


From the above, the values plotted in Figs. 8 and 9 were 
calculated bv the formulas given previouslv. . 

As a check on the correctness of the measurements, the cal- 
culated charging current is shown in Fig. 8 as the straight line 


and the points are the measured generator currents plus V3 
times the transformer exciting currents taken from Fig. 7 for 
the corresponding voltages. The agreement between the meas- 
ured values and the calculated currents is quite good. 

Curve A in Fig. 9 is the total loss as measured above; the 
integrating-meter readings have been taken and the indicating- 
wattmeter readings corrected according to curve in Fig. 6, where 
the integrating and indicating-wattmeter readings are plotted 
against each other. 
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ponding increase of core loss for the same effective voltage. If, 
as а limiting value, the e.m.f. wave form was rectangular, the 
core loss would be about 1.113`34 ог 51 per cent in excess of the 
core loss for a sine wave with the same effective voltage and 
same frequency.!? 


TABLE I.—CORONA TEST. 61.1 CYCLES. 
(Values given for high-tension side of transformers.) 


Generator volt-| Generator cur- Indicating Integrating 
age in kv. rent in amperes| wattmeter kw. | wattmeter kw. . 


40.5 9.2 11 18.7 


43.0 9.61 14 21.6 
45.5 10.0 16 

45.3 9.97 16 24.9 
47.8 10.24 18 

47.3 10.2 18 28.2 
50.1 10.49 22 | 

50.0 10.48 22 33.5 
52.9 10.58 29 | 
52.8 10.58 30 40.5 
55.1 10.5 37 

55.1 10.5 37 47.9 
57.9 10.2 51 

60.0 9.71 64 61.0 
62.1 9.1 78 73.2 
64.5 7.95 108 86.5 
66.9 6.7 140 

69.3 5.1 183 

71.6 3.6 237 

69.3 5.15 177 

66.9 6.98 135 

64.5 8.12 105 

62.1 9.24 77 

59.7 9.81 64 

57.2 10.29 50 

55.1 10.24 41 

52.6 10.58 34 

50.3 10.5 28 

64.6 7.7 111 126 
67.2 6.31 149 149 


The integrating wattmeter readings were calculated from the 
formula: Kw. — 11,520 R/T where R is the revolutions of 
aluminum disk for Т seconds. Тһе readings were taken for опе” 
revolution of disk and the time, varied from 123 to 15.4 seconds 
and was taken by a stop watch. | 

АП readings are actual readings, so that the ammeter and 
wattmeter readings are to be multiplied by 1/5 and the volt- 
meter reading by 20 in order to obtain actual values. 


10. Kapp, Transformatoren für Wechselstrom and Drehstrom, 2 Ed. 
p. 23. 
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TABLE II*.—CORONA TEST. 61.1 CYCLES 


Generator volt- | Generator am- Indicating Integrating 
meter volts meter amperes |wattmeter read-| wattmeter read- 
ings kw. ings seconds 
1 84.8 1100 55 123 
2 90.0 1150 70 106 
95.3 1195 80 
3 ) 94.9 1192 80 92:4 
100.0 1225 90 
3 ) 98.9 1220 90 She 
105.0 1254 110 x В 
5 4104.7 1252 110 922 
110.9 1265 145 
| ê \ 110.8 1265 150 916 
115.5 1258 185 
T 3315.4 1258 185 38:0 
8 121.2 1220 255 37.6 
9 125.7 1163 320 31.4 
10 130.0 1038 390 26.6 
11 135.0 950 540 
12 140.0 800 700 
13 145.6 610 915 
14 150.0 430 1185 
15 145.0 615 885 
16 140.0 834 675 
17 135.0 970 525 
18 130.0 1105 385 
19 125.0 1175 320 
20 119.8 1230 250 
21 115.5 1255 205 
22 110.3 1265 170 
23 105.3 1257 140 
24 135.5 920 555 19.8 
25 140.8 755 745 15.4 


*Measurements as actually taken and from which Table I was derived. 


From the above, the values plotted in Figs. 8 and 9 were 
calculated by the formulas given previouslv.. 

As a check on the correctness of the measurements, the cal- 
culated charging current is shown in Fig. 8 as the straight line 


and the points are the measured generator currents plus v3 
times the transformer exciting currents taken from Fig. 7 for 
the corresponding voltages. Тһе agreement between the meas- 
ured values and the calculated currents 15 quite good. 

Curve A in Fig. 9 is the total loss as measured above; the 
integrating-meter readings have been taken and the indicating- 
wattmeter readings corrected according to curve in Fig. 6, where 
the integrating and indicating-wattmeter readings are plotted 
against each other. 
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Curve B in Fig. 9 is the sum total of all the losses, calculated 
from the test and the given formulas. Curve C is 
loss, the difference between cürve А and B. 
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Comparison of Test with Published Formulas. 
Law of Corona, A. I. E. E., Vol. 30, p. 1894, equation (8). 
= 0.87; go = 21.1 kv. eff.; ғ = 0.42 cm.; s = 183 
b = 45.93 (mean value); / = 16.4 deg. cent.; ё = 3.92 X 45.93 
+ (273 + 16.4) = 0.622; distance = 110 km. E = voltage be- 
tween wires in kv.; then for this line, 


Line kv. 


— 


Р = 1.78 (E— 50.5)? 


Peek'slaw 
form. (9) Curve C Fig. 9 Ratio 

kw. kw. 

0 6.0 
22 9.6 2.29 
100 17.5 5.72 
236 31.5 7.49 
428 57.5 8.31 
678 105.5 6.42 
848 153.0 5.54 


the corona 


A.—Peek’s 


cm.; 


kw. (9) 


The original test data were submitted to Professor Ryan in 
June 1914 and Fig. 9 Curve A was made at that time by 


Professor Ryan. 


The close agreement between the two curves 


| 
| 
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suggested further analysis of the losses found on the Oroya line 
and these are given below. 
Referring to Fig. 9 curve A Professor Ryan wrote: 


"In Fig. 6, page 342 of the A. I. E. E., 1911, TRANSACTIONS Faccioli 
gives the corona losses found in fair weather on the 63-mi. transmission 
from Shoshone to Leadville of the Central Colorado Power Co. at an 
average elevation of 8500 ft. and a maximum of 12,000 ft. "This line 
has a length of 102 km. while the Oroya-smelter line has a length of 110 
km. Тһе Shoshone line developed a corona loss of 51.5 kw. at 95.8 kv.; 
the Oroya line 55 kw. at 65.6 kv., 4. e. one-half kilowatt per kilometer in 
each case. For the purpose of comparison, we may assume that corona 


'Соррег and Line Copper 1/65! 
С: Corona Loss | | |. 7| 


KILOWATTS 


2468 2468 2468 24 
50 70 


40 60 
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Fic. 9 


was definitely started at this amount of loss, viz.: one-half kilowatt per 
kilometer of line. "This is really about the only value in regard to corona 
formation that approaches some degree of definiteness when related to 
voltage, line capacity, barometer and temperature, aside from the fact 
that the amount of corona loss is largely dependent upon (Е — Е’) rather 
than E, wherein E' is the line voltage that produces a corona loss of one- 
half kilowatt per kilometer and E is any higher line voltage. It follows 
therefore, that the corona was started on the Shoshone line at 95.8 
— 65.8 = 30 kv. higher than the Oroya line. Other things being equal, 
the amount of corona loss is due to the amount of voltage that exceeds 
corona starting voltage. Let us call such voltage that exceeds corona 
starting voltage, Corona Voltage. "Then in Fig. 9-A: 
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‘I. Oroya-smelter transmission corona voltage and corona loss; length 
110 km. average elevation 13,300 ft., maximum 13,800 ft. 

II. Shoshone-Leadville transmission corona voltage and corona 1055; 
length 102 km.; average elevation 8500 ft.; maximum 12,000 ft. 

I have mounted also the corresponding total line voltages. In com- 
paring the two curves, the differences in length of lines and in the eleva- | 
tions must be kept in mind. We know how to allow for the difference in 
length but we are not sure that we know exactly how to allow for the 
differences in altitude. Peek came to the conclusion that corona loss is 
inversely proportional to the density of the atmosphere. Such con- 
clusion is reasonable. Тһе corresponding composite factor for reducing 
the Shoshone-Leadville corona loss to a corona loss corresponding to the 
Oroya-smelter altitude, barometer and temperature, thus becomes 0.93. 


| Curve I Peru Corona Losses EP, 
160| Curve II Colorado Corona Losses МҒА 
Pointse Colorado Losses adjusted 

to Temp. Barom. and Elevation 
120| of Peru Line. 


! 


LINE KILOWATTS 


60 
OROYA: SMELTER KV. 
86 90 94 98 
SHOSHONE: LEADVILLE KV. 


Fic. 9A—CuRvE CHART FOR COMPARISON ОЕ OROYA-SMELTER (PERU) 
AND SHOSHONE-DENVER (CoLoRADO) TRANSMISSION LINE CORONA 


102 


LOSSES 
Location of Length Average Average Authority 
Line km. barom. cm. temp. deg. Jakobsen report 
cent. Apr. 27, 1914 
PPAR И 110 . 45.9 16.4 Faccioli, TRANS. 
Colorado, „еа 102 52.0 5.0 A. I. E. E., 1911 
(Assumed) | 


In Fig. 9-A, the points enclosed with small circles were located on cor- 
responding ordinates of the Shoshone-Leadville corona loss curve by 
means of the proportional dividers set at 0.93. You will note that they 
are in close agreement with the corresponding Oroya-smelter-transmission 
corona-loss values. Some difference in the forms of the curves must exist 
because of the differences in the mountain profiles traversed by the cor- 
responding lines. Then, to, the instruments must, inevitably, have been 
out by small amounts as instruments of the type that had to be employed 
usually are. Neither cause, however, is a basis for expecting much 
difference between the two curves.” 


Analysis of Oroya-Smelter Corona-Loss Curve. In Fig. 10 the 
square root of the corona loss, equal to У р, is plotted against the 


г 
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line voltage. As this line is not a straight line, the loss curve 
is not quadratic. Assuming, however, that the loss curve from 
69 kv. upwards is quadratic, we рей! using the 2 A method: 


p = 0.765 (E — 58.23)? kw. (10) 


Plotting the line voltage from 
56 kv. upwards against the loga- 
rithm of the corona loss from Fig. 
9, gives a straight line, and by the 
Z А method 1$ found: 


р = 6045925 (Е—39.2) kw. (11) 
or log р = 0.0662 E — 2.6 


where є = the base of the natural 
logarithms. 


60 
LINE VOLTAGE АТ POWER STATION IN KV. This equation holds good for the 
Fic. 10 whole range and it is the same 


equation found by Faccoli,? partiicularly curve B Fig. 10. 
The following shows the close agreement between the test 
and formula (11) above: 


Line voltage Equation (11) Curve C. 
kilovolts kw. Fig. 9 kw. 
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11. Kilovolts | Fig. 9 kw. kw. 


69 90 9.48 
70 105.5 10.26 
71 124 11.13 
72.3. 153 12.37 


12. р = 9.5 є(0:089 Е-975: А I. E. E., TRANS., Vol XXX p. 349. 
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B.—Prof. Ryan's formula, A. I. E. E., Trans., Vol. 30, p. 64. 

Equation (3) on p. 69, Vol. 30 gives the voltage at which the 
loss due to part corona 15 about equal to the loss due to con- 
vection, and this last named loss is given by the equation at the 
bottom of p. 67, Vol. 30, viz.: 

Loss per 1000 ft. of single-phase line = p = 2 X P X Е X 10-6 
watts (12) where, f = frequency and Е kilovolts between wires. 
For one wire therefore, 


P=4xXf (+) X 10-6 watts; and for three wires of (12) 


a three-phase circuit, 

P-AxXf x Ex 10-е watts (13) 
For 61.1 cycles and 68.4 miles of three-phase line, 

Р = 5.48 Е? | watts (14) 
The critical corona voltage is then, equation (3) p. 69, Vol. 30 


17.00 4+ 2а 


Есш. = 0.455 X Ё 459 +} С 


(15) 


where, С = 1.16 times capacity of 1000 ft. (304.8 m.) of single- 
phase line in microfarads, and a is obtained from 
Fig. 2 of Prof. Ryan's article. The constant А isa 
factor selected by judgment guided by the results of 
practical tests and experience. See Tables I and 
II on pages 70 and 71 and remarks on p. 68, Vol. 
30; select k = 0.75; 

In formula (16) above: 


d = 0.33 in.; а = 0.069 in.; b = 18.1 in.; ¢ = 61.6 deg. fahr; 
D = 92 іп. and 


0.00368 
2) 
Og ( 5 


From (16) above: Е,, = 61.6 kv. 

From (14) above: P = 20.8 kw. 
The kilovoltsin Fig. 9 corresponding to 2 X 20.8 — 41.6 kw. is 
63.9 kv., as against the 61.6 found by Prof. Ryan's formula. 


C = 1.16 — 0.00161 microfarad 


Жж, a= - т. 
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Bearing in mind the errors likely to occur particularly on the 
lower part of the curve, this is certainly as good an approxima- 
tion as could be expected. 

In order to show the influence of the constant k of Prof. 
Ryan's formula, the following table has been computed: 


E 2 Xconvection loss | Corresponding line 
k form. (15) form. (14) voltage from Fig. 9 
kv. kw. 

0.72 59.4 38.6 63.4 
0.73 60.0 39.4 63.5 
0.74 *60.9 40.5 63.7 
0.75 61.6 41.6 63.9 
0.76 62.5 42.6 64.1 
0.77 63.5 43.1 64.2 
0. 78 64.4 45.4 64.4 
0.79 65.1 46.3 64.6 


It is seen from above, that the constant k does not largely 
alter the result and any value between k = 0.72 and say Е = 0.82 
will give very good results. 

The following test was started at 7.30 p.m. during heavy rain 
at La Fundicion; light rain, off and on, at Oroya. Probably 
only local showers along the line. Temperature outside Oroya 
power house 14.5 deg. cent. at 8.17 p.m.; barometer at Oroya 
48.3 cm. and at La Fundicion 42.85, both at 7.30 p.m. 


Corrected 
Generator | Generatort | ind. watt- 
Line kv.* current current meter read- | Curve A |Frequency 


Fig. 8 amperes Fig. 9 
amperes kw. 

10.1 10 65 60.8 
8.95 9.1 86 

8.00 8.04 110.5 

7.30 6.96 140 

9.10 9.35 81 61.0 
7.8 8.04 115.1 

6.5 6.78 143.5 

5.0 5.4 184 

3.6 4.22 234 

2.8 3.58 


*By interpolation from other test. 
1A smaller scale ammeter used than in the first test. 
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At 71.8 kv. at Oroya a slight brush discharge was visible at 
the end of the lightning arrester horns connected to the line; 
the same was the case at the smelter substation. No visible 
corona was on the line either at Oroya or at the smelter. Тһе 
night was quite dark with a new moon behind heavy clouds. 


ACKNOWLEDGMENTS | 
In conclusion I wish to express my appreciation to Mr. F. С. 
Baum, Mr. J. P. Jollyman and Professor Harris J. Ryan for 
suggestions in the preparation of this article. 


To be presented at the 335th meeting of the Amer- 
ican Institute of Electrical Engineers, New York, 
December 14, 1917. 


Copyright 1917. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


PHENOMENA ACCOMPANYING TRANSMISSION WITH 
SOME TYPES OF STAR TRANSFORMER 
CONNECTIONS—II* 


BY LLOYD N. ROBINSON 


ABSTRACT OF PAPER 


1. Hysteresis, as well as variation of permeability, gives rise 
to harmonics of considerable magnitude in the exciting current of 
a transformer; the components from the two sourcbs are in 
quadrature for each harmonic. 

2. There is a fallacy in the idea that the harmonics in the 
exciting current of a transformer are entirely wattless. 

3. For transmission lines of modern lengths, the effect of the 
line is to reduce the third harmonic voltage between neutral and 
line terminals of a star-star connected bank of transformers 
having grounded neutral on the line side only. 

4. In transmission with star-star transformer banks having 
grounded neutral on the line side only, the inter-relation of line 
susceptance from conductor to ground in series with the varying 
susceptance of the individual transformers may cause the total 
m.m.f. of one of the transformers to pass through zero at the 
same instant as the impressed e.m.f.; and thus, give opportunity 
for a reversal of this transformer due to inertia, thereby produc- 
ing а periodically reversing leg and abnormal voltages. 

In a similar system with high quality line insulation, the 
effect of atmospheric charges on the line conductors may be to 
cause the transformer of the bank to assume relations with one 
leg permanently reversed when energized from the station side; 
thus, imposing unbalanced voltage conditions on the bank and 
producing, in two of the units, fundamental frequency com- 
ponents of voltage 264 per cent of normal. 

6. Combinations and accentuations of the above causes 
may, through natural requirements, give rise to a double fre- 
quency pulsation of the potential of the hypothetical neutral 
of the line conductors: thus, producing, in the leg voltages, 
second harmonic components of extremely large dimensions 
which are limitless so far as is yet known. 

7. he above applies also іп case а group of star-connected 
ironclad reactors, such as auto-transformers without tertiary 
windings, are employed to ground the neutral of an otherwise 
isolated neutral transmission. 

8. Results, obtained in the laboratory with a three-phase 
star-star connected bank of transformers feeding condensers 
between line conductors and line side neutral, though not yet 
sufficiently extensive to confirm all of the above statements, 
show that the voltages from line terminals to neutral are in 
considerable measure independent of the primary impressed 
delta voltages so far as concerns wave shape and frequency. 


Manuscript of this paper was received May 23, 1917. 
“Бог Part I see Trans. А. I. E. E., Vol. XXXIV, 1915, р. 2183. 
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INTRODUCTION 

S A general rule, the use of single-phase transformers con- 
| nected star-star into a three-phase bank is considered 

poor electrical engineering practise. "There are cases where the 
connection has been employed with apparently satisfactory re- 
sults, but they comprise the exceptions rather than the rule. 
It is doubtful if many of these exceptions would be permitted 
if a thorough investigation were made of the stability and local 
voltages involved in the connection, but it is beyond the scope 
of this thesis to make such an investigation of all the possible 
cases. It is sufficient to say that where these exceptional con- 
nections, star-star, have been employed in transmission practise, 
special precautions have generally been taken to insure the 
stability of the system. Where such precautions have not been 
observed, disastrous results have frequently followed. Тһе pre- 
cautions have provided a remedy or even a preventive, we 
might say; but, because of the suddenness and sureness of the 
undesirable phenomena when such have occurred, it has usually 
been impossible to observe the actual underlying causes. The- 
ories have attributed the effects to the third harmonic which 
arises when an ironclad electromagnetic circuit is energized. 

Early in the year nineteen hundred and fifteen, the writer 
was concerned with some tests of star-star connected transfor- 
mers supplying a three-phase transmission line, that developed 
unstable conditions and peculiar phenomena which ordinarily 
would not be discovered in commercial operation or without the . 
use of an oscillograph. It is fairly safe to say that, even in 
these tests, the insulation of the transformers would have broken 
down and the windings have been burnt out before the phe- 
nomena were discovered had it not been that the impressed 
voltage applied to the transformers was only approximately 
one-quarter of the rated voltage. 

First, it will be well to show why, in general, the third har- 
monic of magnetization can not be expected to develop sufficient- 
ly high voltages to break down the insulation of a star-star con- 
nected bank of transformers connected to a three-phase trans- 
mission line provided the windings, leads and bushings are insu- 
lated for full rated voltage of the windings, and have been sub- 
jected to tests of at least double voltage to case, core and ground 
and between turns. 

Later, the co-ordination of these previously Шин 
phenomena with the general laws of electricity and magnetism 
will be submitted so far as it has been completed at this time. 
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HARMONICS OF TRANSFORMER MAGNETIZATION 


So much has been said and written concerning the harmonics 
of magnetization of transformers, that it is hardly essential to 
mention it more than very briefly here. Тһе indexes of the 
TRANSACTIONS of the American Institute of Electrical Engineers 
provide ample bibliography on the subject. 

From the general formula of electromagnetic induction, the 


р Ф 
~” dt 


induced voltage is ез 


where $ is the magnetic flux, 2 the time, and Ё is а constant 
dependent upon the number of turns in the winding, etc. 


If ф 


d ф 
dt 


cos (a t + о) 


= — a sin (a t + a) 


whence e! = — a ksin (at + а) 


That is, we say a cosine wave of flux generates a sine wave of 
voltage, and because of the inter-relations of the sine and cosine 
functions, we may say that a sine wave of flux produces a cosine 
wave of voltage. . 

With a sine wave of voltage applied at the two terminals of 
an electric circuit, the wave of counter e.m.f. will ordinarily be 
a sine wave of equal magnitude but opposite sign when conditions 
are stable; that 1$, after the initial transients have disappeared. 

Considering only the post-transient conditions; if a voltage, 
e = с sin ар is impressed оп the terminals of an inductive cir- 
cuit containing resistance (or equivalent resistance), the counter 
e.m.f. will be 


ё =—csinat 


But e’ will have two components; one, the resistance component, 
e = — bsin (at + В) 

and the other, the reactive component, 
e! = — aksin (аі + a) 

The current will adjust itself so that 


c sina t = b sin (at + В) + ар sin (at + o) 
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In the circuit having constant inductance, the current will 
be a sine wave not in phase with the impressed voltage or the 
counter e.m.f. Тһе phase relation between the current and the 
impressed voltage depends upon the relative magnitudes of the 
inductive reactance, x = 2 т f Г, and the resistance r. The 


phase angle is 
9 = tan“ (=) 
7 


The number of interlinkages of an electric circuit with the 
lines of magnetic force of the flux produced by unit current in. 
the circuit is called the inductance of the circuit. That is, the 
inductance is 


L = т — 
4 


where m is a constant, @ is the number of lines of flux, and : 
is the current. 


In an ironclad inductive circuit, the ratio -$- is not con- 


stant, but decreases as the flux density in the iron increases. 
However, in order to produce а sine wave of counter e.m.f., 
there must be a cosine wave of flux because 


D, (sin x) = cos x, and D, (cos x) = — sin x 


Consider, for the present, an iron magnetic circuit without 
hysteresis*, іп order to study alone the effects of what 15 called 
the varying permeability by means of the B-H curve. В is the 
product of the flux multiplied by a constant, and H is the pro- 


* Because of the prevalence of a sort of mystery surrounding this word, 
and the lack of uniformity in its use; the definition from Webster's New 
International Dictionary is that used and is submitted: 

“Hysteresis: (а) A lagging or retardation of the effect, when the forces 
acting upon a body are changed, as if from viscosity or internal friction. 
(b) In a magnetic material, as iron, a lagging in the values of result ng 
magnetization (denoted by B) due to a changing magnetizing force 
(denoted by H). А repeated reversal of H causes a changing magnetiza- 
tion B as shown by the hysteresis loop or cycle...." 

The meaning of the word bears a marked similarity to that of hesitate; 
but a search of the derivations shows that hysteresis comes from Sanskrit 
through the Greek, while hesitate comes through the Latin from an en- 
tirely different root. : 
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duct of the current multiplied by a constant. Since the con- 
stants are given for any machine, by change of scale, the B-H 
curve may be translated to а ф — тсигуе, and this will be done 
in the following discussion. In Fig. 1, there 1$ given a typical 
B-H curve for transformer iron. This B-H curve translated is 
the axis of the hysterises loop shown in Fig. 2. 

For а sine wave of flux, say 


ф = 10 sinat 


curve I of Fig. 3, a wave of wattless magnetizing current, im, 
like curve П of Fig. 3 will be required, based upon the im curve 
of Fig. 2. 


0 40 80 120 160 200 240 


Fic. 1—AVERAGE INDUCTION CURVE—TRANSFORMER SHEETS 
Standard Handbook, 1915 Edition, Sect. 4, Fig. 24 


Concerned in the magnetization of the iron, there are, besides 
the wattless magnetizing current, the components of current due 
to hysteresis and to eddy currents. By the equations for eddy 
currents, it is possible to eliminate them from the discussion; 
and now consider combined the wattless component of magnetiz- 
ing current and the energy component required by hysteresis. 
The combination is obtained from the hysteresis loop for a given 


wave of flux, say 
ф = 10sinat 


The current corresponding to this flux is obtained from the ima 
curve of Fig. 2 and plotted as curve III of Fig. 3. 

The co-ordinates of the curves of Fig. 3 are given in Table I, 
By harmonic analysis, the coefficients of the Fourier series for 
these three waves are determined and tabulated in Table II. 


- 
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In the circuit having constant inductance, the current will 
be a sine wave not in phase with the impressed voltage or the 
counter e.m.f. Тһе phase relation between the current and the 
impressed voltage depends upon the relative magnitudes of the 
inductive reactance, x = 2T f Г, and the resistance r. The 


phase angle is 
9 = tan! (=) 
7 


The number of interlinkages of an electric circuit with the 
lines of magnetic force of the flux produced by unit current in. 
the circuit is called the inductance of the circuit. That is, the 
inductance is 


L = т —— 
1 


where m is a constant, $ is the number of lines of flux, and 4 
is the current. | 


ф 


In an ironclad inductive circuit, the ratio E is not con- 


stant, but decreases as the flux density in the iron increases. 
However, in order to produce a sine wave of counter e.m.f., 
there must be a cosine wave of flux because 


D, (sin x) = cos x, and D, (cos х) = — sin x 


Consider, for the present, an iron magnetic circuit without 
hysteresis*, in order to study alone the effects of what 1s called 
the varying permeability by means of the B-H curve. B is the 
product of the flux multiplied by a constant, and Н is the pro- 


*Because of the prevalence of a sort of mystery surrounding this word, 
and the lack of uniformity in its use; the definition from Webster's New 
International Dictionary is that used and is submitted: 

“Hysteresis: (а) А lagging or retardation of the effect, when the forces 
acting upon a body are changed, as if from viscosity or internal friction. 
(b) In a magnetic material, as iron, a lagging in the values of result ng 
magnetization (denoted by B) due to a changing magnetizing force 
(denoted by H). А repeated reversal of H causes a changing magnetiza- 
tion B as shown Бу the hysteresis loop or cycle...." 

The meaning of the word bears a marked similarity to that of hesitate; 
but a search of the derivations shows that hysteresis comes from Sanskrit 
through the Greek, while hesitate comes through the Latin from an en- 
tirely different root. . 
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duct of the current multiplied by a constant. Since the con- 
stants are given for any machine, by change of scale, the В-Н 
curve may be translated to а @ — тсигуе, and this will be done 
in the following discussion. In Fig. 1, there is given a typical 
B-H curve for transformer iron. This B-H curve translated is 
the axis of the hysterises loop shown in Fig. 2. 

For a sine wave of flux, say. 


ф = 10 sinat 


curve I of Fig. 3, a wave of wattless magnetizing current, im, 
like curve II of Fig. 3 will be required, based upon the 2, curve 
of Fig. 2. 
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Fic. 1—AVERAGE INDUCTION CURVE—TRANSFORMER SHEETS 
Standard Handbook, 1915 Edition, Sect. 4, Fig. 24 


Concerned in the magnetization of the iron, there are, besides 
the wattless magnetizing current, the components of current due 
to hysteresis and to eddy currents. By the equations for eddy 
currents, it is possible to eliminate them from the discussion; 
and now consider combined the wattless component of magnetiz- 
ing current and the energy component required by hysteresis. 
The combination is obtained from the hysteresis loop for a given 


wave of flux, say 
ф = 10sinat 


The current corresponding to this flux is obtained from the ima 
curve of Fig. 2 and plotted as curve III of Fig. 3. 

The co-ordinates of the curves of Fig. 3 are given in Table I, 
By harmonic analysis, the coefficients of the Fourier series for 
these three waves are determined and tabulated in Table II. 
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In the circuit having constant inductance, the current will 
be a sine wave not in phase with the impressed voltage or the 
counter e.m.f. Тһе phase relation between the current and the 
impressed voltage depends upon the relative magnitudes of the 
inductive reactance, x = 27 f L, and the resistance 7. Тһе 


phase angle is 
9 = tan (=) 
7 


The number of interlinkages of an electric circuit with the 
lines of magnetic force of the flux produced by unit current in. 
the circuit is called the inductance of the circuit. That is, the 
inductance is 


L = т — 
4 


where m is а constant, ф is the number of lines of flux, and 4 
is the current. | 


ф 


In an ironclad inductive circuit, the ratio зэ is not con- 


stant, but decreases as the flux density in the iron increases. 
However, in order to produce a sine wave of counter e.m.f., 
there must be a cosine wave of flux because 


D, (sin x) = cos x, and D, (cos x) = — sin x 


Consider, for the present, an iron magnetic circuit without 
hysteresis*, in order to study alone the effects of what is called 
the varying permeability by means of the B-H curve. В is the 
product of the flux multiplied by а constant, and H 15 the pro- 


* Because of the prevalence of a sort of mystery surrounding this word, 
and the lack of uniformity in its use; the definition from Webster's New 
International Dictionary is that used and is submitted: 

“Hysteresis: (а) A lagging or retardation of the effect, when the forces 
acting upon a body are changed, as if from viscosity or internal friction. 
(b) In a magnetic material, as iron, a lagging in the values of result ng 
magnetization (denoted by B) due to a changing magnetizing force 
(denoted by H). А repeated reversal of H causes a changing magnetiza- 
tion В as shown by the hysteresis loop or cycle....”’ 

The meaning of the word bears a marked similarity to that of hesitate; 
but a search of the derivations shows that hysteresis comes from Sanskrit 
through the Greek, while hesitate comes through the Latin from an en- 
tirely different root. 
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duct of the current multiplied by a constant. Since the con- 
stants are given for any machine, by change of scale, the B-H 
curve may be translated to a ф — i curve, and this will be done 
in the following discussion. In Fig. 1, there is given a typical 
B-H curve for transformer iron. This В-Н curve translated is 
the axis of the hysterises loop shown in Fig. 2. 

For a sine wave of flux, say. 


ф = 10 sinat 


curve I of Fig. 3, а wave of wattless magnetizing current, im, 
like curve II of Fig. 3 will be required, based upon the 7, curve 
of Fig. 2. 
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Standard Handbook, 1915 Edition, Sect. 4, Fig. 24 


Concerned in the magnetization of the iron, there are, besides 
the wattless magnetizing current, the components of current due 
to hysteresis and to eddy currents. By the equations for eddy 
currents, it is possible to eliminate them from the discussion; 
and now consider combined the wattless component of magnetiz- 
ing current and the energy component required by hysteresis. 
The combination is obtained from the hysteresis loop for a given 


wave of flux, say 
ф = 10sinat 


The current corresponding to this flux is obtained from the ima 
curve of Fig. 2 and plotted as curve III of Fig. 3. 

The co-ordinates of the curves of Fig. 3 are given in Table I, 
By harmonic analysis, the coefficients of the Fourier series for 
these three waves are determined and tabulated in Table II. 
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It is noted that the sine coefficients of the curve III are 
practically equal to the sine coefficients of curve II. The dis- 
crepancies are due to the facts that only eighteen ordinates per 
half wave were used in the analysis, and that the computations 
were carried to only three decimal places at most. This agree- 
ment between the sine coefficients of II and III is due to the 
fact that the im curve of Fig. 2 is the axis of the ima curve, so that 
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Fic. 2—AVERAGE HYSTERESIS сайн 
Standard Handbook, 1915 Ed., Sect. 4, Fig. 25 


the components of current in phase with the flux in the two 
cases are identical. 

It is interesting to note further in curve III that the cosine 
coefficients are practically one-half the sine coefficients for the 
fundamental and triple harmonics. In the early discussion of 
the third harmonic due to transformer magnetization, the 
harmonics were attributed entirely to hysteresis. Later this was 
shown to be erroneous and it was fairly generally accepted that 
the harmonics were almost entirely due to the variation of per- 
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meability. One of the favorite arguments supporting the latter 
is, there is no triple harmonic voltage impressed on the trans- 
former and consequently the triple harmonic component of the 
exciting current must be entirely wattless. From the coefficients 
in Table II, it is seen that in this average iron at not abnormal 
maximum density, hysteresis introduces triple harmonic com- 
ponents of exciting current in quadrature with those introduced 
by the variation of permeability, and of practically half the 
magnitude of the latter. Therefore it can not be said that the 
triple harmonic components in the exciting current of a trans- - 
former are due to the hysteresis alone or to the variation of per- 
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meability alone. They are produced by the combination of the 
two. 

The components of exciting currents attributed to eddy cur- 
rents are generally found to contain some small harmonics, but 
these are present due to the fact that the wave of flux, ultimately 
produced, is not a pure sine wave, and consequently eddy cur- 
rents of harmonic frequency are present in the core. ` 

If there is presented a closed circuit for the harmonic com- 
ponents of the exciting current, they will flow in order to adjust 
the current to the counter e.m.f. requirements. Obviously, these 
harmonic currents flowing, for example, through the resistance of 
a generator winding or closed delta of a transformer bank give 


074 ROBINSON: TRANSFORMER CONNECTIONS (Бес. 14 


rise to energy losses. That is, they are not wattless. What 
really takes place is a conversion of frequency within the trans- 
former. 


TABLE I 
CO-ORDINATES OF CURVES I, II, III, FIG. 3 


Abscissas I II III 
at deg. sin at 9 = 10sin at current Зур current imh 
0 0 0 0 0.57 
10 0.174 1.74 0.11 0.70 
20 0.342 3.42 0.23 0.84 
30 0.500 5.00 0.40 1.07 
40 0.643 6.43 0.60 1.35 
50 0.766 7.66 0.90 1.63 
60 0.866 8.66 1.30 1.96 
70 0.940 9.40 1.78 2.25 
80 0.985 9.85 2.30 2.44 
90 1.000 10.00 2.50 2.50 
100 0.985 9.85 2.30 2.10 
110 0.940 9.40 1.78 1.26 
120 * 0.866 8.66 1.30 0.63 
130 0.766 7.66 0.90 0.17 
140 0.643 6.43 0.60 —0.17 
150 0.500 5.00 0.40 —0.29 
160 0.342 3.42 0.23 —0.38 
170 0.174 1.74 0.11 —0.47 
180 0 0 0 —0.57 
190 —0.174 —1.74 —0.11 —0.70 
200 —0.342 —3.42 —0.23 —0.84 
etc. etc. etc. etc. etc. 
TABLE II 


FOURIER COEFFICIENTS FOR CURVES I, II, III, FIG. 3 


I II III 
Order Flux im — т» 
of ——————————— ———— 

Harmonic sine cosine sine cosine sine cosine 
coeff. coeff. coeff. coeff. coeff. coeff. 
1 10 0 1.708 0 1.693 0.801 
3 0 0 —0.557 0 —0.552 —0.243 
5 0 0 0.158 0 0.167 —0.011 
7 0 0 —0.053 0 —0.051 0.029 
9 0 0 0.018 0 0.027 —0.013 
11 0 0 —0.009 0 —0.013 0.025 
13 0 0 0.001 0 0.004 —0.022 
15 0 0 0.008 0 0.006 0.003 
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Because the impressed voltage contains no harmonic com- 
ponents is no more ground for saying that the triple harmonic 
components of transformer exciting current are entirely wattless 
than it is for concluding that the sixty-cycle currents on the 
secondary side of a 25- to 60-cycle frequency changer set must be 
entirely wattless. In the latter case, we have energy transfor- 
mation from electrical to magnetic to mechanical to magnetic to 
electrical; while in the former there 1s a more direct transforma- 
tion from electrical to magnetic to electrical. 


TRIPLE HARMONICS ім THREE-PHASE BANKS OF TRANSFORMERS. 


In a bank of three identical transformers connected star on 
the primary side and operating under normal balanced condi- 
tions on a three-phase system, the voltages between the terminals 
of the individual transformers, that is, the voltages between the 
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TIONS. 


line terminals and neutral, are alike in wave shape, equal in 
magnitude and displaced from each other by one-third cycle, 
or 120 time-degrees. Three such voltages are shown in Fig. 4, 
sine waves of impressed voltage being assumed for simplicity. 

It has been shown above that ordinarily, when a transformer 
is energized, there are produced currents of harmonic frequency 
in the effort to adjust the counter e.m.f. to the impressed. If 
three identical transformers have impressed upon them e.m.fs., 
which are identical in wave shape and magnitude, the exciting 
currents wil] be identical in wave shape and magnitude. If the 
three e.m.fs. impressed upon the three identical transformers, 
are displaced from each other by 120 time-degrees, the corre- 
sponding exciting current waves will be displaced from each 
other by 120 time-degrees. 

Since the three exciting current waves are equal in shape and 
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magnitude and are 120 time-degrees apart, the fundamental 
components of the exciting currents will be equal in shape and 
magnitude and 120 time-degrees apart. Since the three exciting 
current waves are identical in shape and magnitude, harmonics 
of equal order and magnitude exist in each, and these harmonics 
bear identical phase relations to their respective fundamental 
components. That is, if the я th harmonic in the exciting current 
of transformer No. 1 is kb, sin (nO + ад), the п th harmonic in 
the exciting current of transformer No. 2 is В, sin (п (02-120?) + 
о,), and that in transformer No. 3 is b, sin (п (0 + 240?) + ад). 
The values of the variable parts of these expressions are given in 
Table III for odd values of п. 


TABLE III 

n віп (нө + an) віп (n (0 + 1209) + ая) sin (я (0 + 240°) + an) 
1 sin (6 + а!) sin (0 + ол + 120°) sin (6 + a1 + 240°) 

3 sin (3 0 + аз) sin (3 0 + аҙ) sin (3 0 + a3) 

5 sin (5 0 + as) sin (5 0 + ag + 2409) .- sin (5 0 + а + 120°) 
7 sin (7 6 + @7) sin (7 0 + ат + 120°) sin (7 0 + ат + 240°) 

9 sin (9 0 + a9) sin (9 0 + а) sin (9 0 + ag) 
11 sin (11 8 + оз) sin (11 0 + аи + 240°) sin (110 + «зз + 120°) 
13 sin (13 9 + a13) sin (13 0 + «1з + 120°) sin (13 9 + м: + 240°) 
15 sin (15 0 + а15) sin (15 9 + a5) sin (15 0 + опу) 
17 sin (17 8 + @17) sin (17 0 + ау + 240°) sin (17 6 + олт + 120°) 


From Table III and the foregoing, it is seen that the com- 
ponents of third, ninth, fifteenth and of other triple harmonic 
frequencies in the three exciting currents are respectively iden- 
tical in phase position as well as in magnitude; that is, the triple 
harmonics of the same order in the three transformers are dis- 
placed from each other by zero time-degrees; while the com- 
ponents of fifth, seventh, eleventh and of other non-triple har- 
monic frequencies have mutual three-phase displacements of 
120 time-degrees. 

In general, the magnitudes of the harmonic components in the 
exciting current of a transformer vary inversely with the orders 
of the harmonics though not necessarily in inverse proportion. 
Thus, it is seen that the third harmonic is usually the largest 
component except the fundamental. For this reason, and 
because of the above mentioned lack of phase displacement 
between the triple harmonics in the exciting currents of a three- 
phase bank of transformers connected star on the primary side; 
the third harmonic deserves, and has received, the most con- 
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sideration of any of the harmonics produced in the energization 
of transformers. 

Star-Delta. In a three-phase bank of transformers with 
primary connected star, and secondary connected delta, as in 
Fig. 5; the triple harmonic components of exciting current, being 
in phase in all three transformers, tend to flow, say, from line 
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terminals to neutral at a given instant. The ‘primary neutral is 
insulated so that these triple harmonic currents can not flow in 
the primary winding. The lack of these triple harmonics of 
exciting current distorts the waves of flux in the cores so that the 
latter contain triple harmonics. Then the voltages, induced in 
the primary and secondary windings by the variations of the 
flux, contain triple harmonics, which are in phase in all three of 
the transformers. These triple harmonic voltages, being in 
phase with each other, tend to establish currents in the same 
direction in all three transformers, and these triple harmonic 
currents actually obtain in the transformer operation, flowing 
around the closed delta secondary as indicated bv the solid 
arrows in Fig. 5. These triple harmonic currents in the secondary 
windings establish corresponding triple harmonic fluxes which 
neutralize the distortion of the flux waves originally caused by 


oe 


E 


the absence of triple harmonic components in the primary 
exciting current. In effect, the result is, insofar as concerns the 
transformation of voltage, practically the same as if the triple 
harmonic currents were present in the primary exciting current. 
In fact, under such conditions, we say that the triple harmonics 
of exciting current flow in the secondary delta. 

Star-Star with Four-Wire Primary. In a three-phase bank of 
transformers connected star-star with the ргипагу neutral 
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connected to the generator neutral, as in Fig. 6; the triple 
harmonic components of exciting currents are established in the 
primaries of the transformers with the neutral as a common wire 
thence in the generator windings and return through the phase 
wires, as indicated by the arrows in the diagram, Fig. 6. 

Star-Star with Isolated Neutrals. In the star-star connected 
-bank of Fig. 7, both the primary and secondary neutrals are 
insulated, so that no third harmonic components of the exciting 
current can exist. In such a case the flux waves are badly dis- 
torted, and consequently the voltages between lines and neutral 
contain large triple harmonic components. Since, in a bank of 
three identical transformers in normal balanced conditions, the 
respective triple harmonics are equal and in phase in all three 
transformers, the differences of the triple harmonic components 
in any two transformers are zero, so that the triple harmonic 
voltages will not appear between line terminals. 

Under average operating flux densities, the third harmonic 
component in the voltage from line to neutral, in a bank of trans- 
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formers connected as in Fig. 7, may be 60 per cent of the rated 
fundamental component *. It is obvious that this will cause a 
serious extra strain on the insulation if the phase relation between 
the fundamental and the third harmonic components of voltage 
in a transformer 15 such as to result in increasing the maximum 
value of the total voltage wave by 60 per cent. 

If, in Fig. 7, the generator neutral is grounded, the triple 
harmonic components of voltage will be manifested between 
primary neutral and ground. Also, if the line, to which the 
secondary is connected, feeds а grounded neutral load, or if the 
secondary line 15 so extensive that the admittance between the 
lines and ground is very large compared to the admittance 
between the secondary neutral and ground, the triple harmonic 
voltages will appear between secondary neutral and ground. 

Other T'ypes of Connections. Тһе possible three-phase connec- 
tions and combinations of the above simple cases are innumerable 


———————— ьа 
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*Louis Е. Blume, Trans. A. I. E. E, 1914 p. 751. 
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because they include banks made up of dissimilar transformers. 
But the triple harmonic phenomena concerned in such connec- 
tions are fundamentally and essentially the same in all. 

One more possible connection will be discussed because it gives 
rise to rather unique conditions and because upon it the main 
part of the thesis will dwell. 

 Star-Star with Grounded Neutral on Line Side Only. In the 
case of a bank of three identical transformers supplied from an 
isolated neutral three-phase source, the bank connected star- 
star with grounded neutral on the line side only and feeding an 
extensive transmission line, as shown in Fig. 8, there is no path 
for triple harmonics of exciting current in the primaries, but the 
admittances between the line conductors and ground complete 
the circuits so that the triple harmonic exciting currents can be 
established іп the secondary windings through the neutral as а 
common wire, thence through the admittances between neutral 


Fic. 8 


and line conductors and return via the latter as indicated bv the 
heavy arrows in the diagram, Fig. 8. 

Since the primary is essentially open-circuited for currents, 
that are in phase іп all three transtormers, it is seen that these 
triple harmonic secondary currents are trulv exciting currents, 
and as such are affected bv the exciting reactance (exciting sus- 
ceptance divided bv the square of the exciting admittance) of the 
transformers. 

In the case of modern transmission lines and networks, often 
involving 100 miles, and sometimes manv hundreds of miles of 
line it 1s easily seen that the impedance offered by the line admit- 
tance to ground mav be verv small compared to the open-circuit 
impedance of a transtormer even for currents of fundamental 
frequency. Тһе reactance of the transformer is inductive and 
will be much larger at third harmonic frequency than at funda- 
mental. On the other hand, the equivalent reactance of the line 
is capacitive, and is consequentlv much less at third harmonic 
frequencv than at fundamental. So that, for the third harmonic 
exciting currents, the impedances oftered between line conduc- 
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tors and ground may be negligible compared to the internal 
impedances of the transformers. This means that the major 
part of the third harmonic voltages, which maintains the third 
harmonic secondary current, is consumed in the transformer 
winding and that only a very small portion of this third harmonic 
voltage appears across the terminals of the transformer between 
line conductor and ground. Essentially, the arrangement is 
similar to a generator of very high internal impedance, generating 
a voltage of third harmonic frequency which is applied to a load 
of comparatively low impedance. It is so like the phenomena of 
some types of constant current generators that the third har- 
monic of exciting current is often said to have constant current 
regulation 

From the above considerations, it is seen that, in cases of long 
transmission lines connected to star-star transformer banks, 
having grounded neutral on the line side only, the voltage from 
line terminal to neutral is not necessarily materially augmented 
by a third harmonic. | 

Hence, the theory, that the breakdowns of insulation and 
burn-outs, which have accrued with this type connection, were 
due to the third harmonic voltage between line terminals and 
ground, at least loses weight as a general explanation.* Also the 
anxiety over triple harmonic electrostatic induction in com- 
munication circuits strung in the neighborhood of such power 
lines is allayed.f | | 
Even HarMONIC PHENOMENA 


As mentioned before, about two years ago some tests of a 
star-star connected transformer bank supplying a three-phase 
transmission line, developed unstable conditions and peculiar 
phenomena, which had not been observed in any previous tests 
or operation of such banks so far as general opinion and a survey 
of the literature on transformers disclosed. The entire absence 
of any direct-current component in the transformer currents, 
and the stable operation of the transformers at impressed volt- - 
ages slightly less than those that gave rise to the phenomena, 
eliminated the possibility that residual magnetism or direct- 
current excitation, as ordinarily understood, were responsible 
for the phenomena.t Because of the apparent novelty of the 

*L. N. Robinson, A. I. E E. Trans. 1915, Vol. XXXIV, Part II, 
p. 2183-2184 and 2189-2191. 

TH. S. Osborne, A. I. E. E. Trans. 1915, Vol. XXXIV, Part II, p. 


2175-2179. 
tJ. B. Taylor, Trans, A. I, E. E., 1909, pp. 725-732. 
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phenomena, the writer became interested in establishing an 
explanation consistent with the generally accepted fundamental 
laws of electricity and magnetism. 

The phenomena were accompanied by vibrations and noises 
issuing from the transformers, and therefore it was first supposed 
that the trouble might be due to a loose coil or loose iron vibrating 
in response to the repulsion or attraction of the alternating mag- 
netic fields. The transformers were new from the factory and 
had never before been in service, so they were tested. The low- 
tension windings were short-circuited and five times normal 
current was alternately suddenly applied to, and suddenly 
removed from, the high-tension windings several times. All the 
three transformers in the bank were tested thus, and none of them 
emitted any noise or showed any other signs of distress. 

There was available another bank of transformers that had 
previously been in commercial service several months, and in 
testing service a year and a half. The transformers of this bank 
differed from the first in practically every essential even to the 
name of the manufacturer. This is shown by the following 
tabular comparison of their ratings: 


Bank No. 1 Bank No. 2 
Manufacturer........ A B 
Jd YD он Core | Соге 
Frequency (cycles).... 50 60 
Kilovolt-amperes per 
Па 37.5 50 


High-tension volts.... 15000/14250/12980 22000/21450/20900/20350 
| 12540/7500/7125 19800/11000/10800/9960 
Low-tension volts..... 440/220/110 2400/480 

The tests on the first bank had given rise to a new theory 
in explanation of the phenomena. Іп several instances, bv this 
theorv, it was possible, by estimates based upon quite crude data, 
to predict, within a few per cent, at what impressed voltage the 
phenomena would occur in the second bank. In one case in 
particular, certain phenomena were predicted at a certain im- 
pressed voltage and the prediction was fulfilled although, when 
tried, they did not obtain at an impressed voltage thirteen per 
cent lower. 

While these numerous fulfilled predictions added much weight 
- to, and tended to sustain, the theory, they did not necessarily 
clearly and conclusively establish it. Тһе explanation of the 
phenomena, so far as they had been analvzed, was submitted 
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to the American Institute of Electrical Engineers at the Sep- 
tember meeting of 1915.* Since the ensuing discussion did not 
develop a sufficiently definite contradiction of the theory, there 
was impetus added to further investigation. 

Briefly, the original observations involved several different 
conditions: 

“1, Astar-star bank, with generator neutral isolated and line- 
side neutral grounded. Тһе duty was charging a line 37 miles 
long. 

"2. Another bank similarly connected, but composed of units 
made by a different manufacturer and of different ratings in 
every respect. The duty of this bank was the same as for that 
in case 1 but on another day. 

"9. А bank of 1 to 1 auto-transformers connected star with 
grounded neutral, at the sending end of the 37-mile line, which 
was charged by a delta-delta bank." 

"4. А bank of transformers stepping down from isolated 
neutral star to 'interconnected delta'. Іп this instance, the 
current circulating in the 'interconnected delta' contained 
prominent even harmonics. 

"5. А bank of 13,200 to 110-volt potential transformers con- 
nected star with grounded neutral to the sending end of the 37- 
mile line, which was supplied from a delta-star bank with isolated 
neutral. The secondaries of the potential transformers were 
open-circuited."' 

I. "In some cases, when charging the line from transformers 
connected star-star with grounded neutral on the line side, an 
undertone of one-half fundamental frequency was present in the 
leg voltages (voltages from line terminal to neutral) and іп the 
currents on the generator side of the bank." 

II. “In some other cases, two of the leg voltages were approxi- 
mately V7/3 times the delta voltage (voltage between line 
terminals), while the magnitude of the voltage of the third leg 
was approximately normal; that is, 58 per cent of the delta volt- 
age. Тһе leg voltages had distinctly different wave shapes, 
and their fundamental components were conspicuously not 120 
time degrees apart in phase." “Тһе currents in the buses оп 
the generator side of the bank were several times normal." 

III. “Іп stil other cases, the leg voltages had double fre- 
quency components, approximately four times as large as the 


*L. N. Robinson, TRANs, A. I. E. E., 1915, pp. 2183-2195. 
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fundamental components, and the transformers vibrated inter- 
nally." 

IV. "In the case of the 1 to 1 auto-transformers, the delta 
voltages were affected by the phenomena, becoming nearly twice 
as great as existed when the auto-transformers were not con- 
nected to the line. Тһе delta voltages were of fundamental 
frequency with no double frequency component, while the leg 
voltages contained the large double frequency component." 

"Tn all cases in which the second harmonic was prominent in 
the leg voltages, it was in time-phase in all three legs. This was 
proved by oscillograms of the simultaneous values of the three 
leg voltages, by a measurement of their vector sum, and by 
fact that the second harmonic was not in the waves of delta 
voltages." 

Periodically Reversing Leg. In submitting the previous paper 
to the Institute, it was said that: “Тһе case (I above) in which 
the second undertone, or ‘one-half’ harmonic was present, is 
explanable by a periodically reversing leg; .4.е, one leg of the 
bank reversed once for each fundamental cycle, so that the 
fundamental component of current in the leg tended to flow in 
the same direction through the unit during the entire cycle. 
In the next cycle the leg reversed again, so that the fundamental 
component of current tended to flow in the opposite direction 
from that in the previous cycle." 

By this it is meant that the transformers, originally in the 
relative electrical positions of Fig. 9, reversed at some point in 
the cycle and assumed the relative positions of Fig. 10; and that 
at a corresponding point in the next cycle they reversed back to 
the position of Fig. 9, etc. Because the delta voltages are fixed 
by the three-phase generator, the vector differences, by pairs, 
of the fundamental components of the three leg voltages must 
be equal in magnitude and their vectors must close an equilateral 
triangle for the conditions of both Fig. 9 and of Fig. 10. This 
requirement is met by the vector arrangement of the fundamental 
components of leg voltages shown in Figs. 11 and 12 respectively. 

While this gives analytical and graphical illustration of the 
phenomena, it brings up the question, how can there be a periodi- 
cally reversing leg in the absence of any pole changing devices? 

Causes. Аз mentioned above, the phenomena were discovered 
under conditions shown in Fig. 8. In the star-connected, three- 
phase transformer bank, under normal, stable conditions the 
fundamental components of the primary impressed voltages may 
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be represented by vectors asin Fig. 13. Е,, Ев and Ec represent 
the voltages impressed upon the bank between line terminals; 
and E 1, E» and E; represent the voltages impressed upon the 
individual transformers No. 1, 2 and 3 respectively. 


Е, = Е, — Е», E, = Е, — Es and Ес өрті Ез — ЕІ. 


If a line in the plane of the diagram, Fig. 13, is rotated about 
the origin as axis, at a constant angular velocity of 2 7r f radians 
per second, where f is the frequency of the fundamental volt- 
ages in cycles per second; the magnitudes of the different 
voltages will be equal to the intercepts upon this line of the 
circles whose vector diameters represent the maxima of the 
respective voltage waves. Тһе relative instantaneous values of 
these six voltages are given in Fig. 15 (a to 1) for each twelfth 
of one cycle, as indicated. 


қиды 
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* The fundamental components of the secondary voltages may 
be represented in similar fashion differing from the respective 
primary impressed voltages in magnitude according to the ratio 
of transformation, and in phase by approximately т radians. 

For present purposes, the secondaries of any two of the trans- 
formers, say Nos. 1 and 2, of the bank may be resolved into the 
typical circuit shown in Fig. 14. While in the actual case, the 
generator is not electrically connected to the secondary of the 
transformer, the generators shown. іп Fig. 14 serve merely to 
represent the sources of the fundamental frequency voltages, 
E, and Е», and combined they are the sources of E,. 


These fundamental frequency voltages give rise to fundamental 
frequency currents in the respective circuits of Fig. 14. "These 
currents involve magnetomotive forces that produce magnetic 
fluxes in the transformer cores. Because these cores are iron, 
the ratio, B/H or $/i, varies during each cycle, following a 
hysteresis loop like that of Fig. 2, Consequently, the inductance 
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of the circuit varies because the inductance is the ratio, $/i1, 
multiplied by a constant. 

Under the discussion of "Star-Star Connection with Grounded 
Neutral on Line Side Only" above, it was shown that the inductive 
exciting reactance of the transformer might be smaller than, 
equal to, or greater than, the series capacitive reactance of the 
line. Since the manner of variation of B/H, or $/1, is dependent 
upon the maximum value of ф, or of $, and since these depend in 
turn upon the maximum value of the voltage, E; or Es; it is seen 
that by varying the voltage a value will be reached where the 
circuit becomes resonant; that 1s, where the inductive reactance 
of the transformers and line becomes equal in magnitude and 
opposite іп sign to the capacitive reactance. 

This leads directly to the most interesting fact, that the sum 
of the magnetomotive forces in the transformer, primary and 
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secondary combined,* will pass through zero at the same in- 
stant as the impressed voltage, Ел, for some value of this voltage. 

Consider now the hysteresis loop of Fig. 16. Тһе dashed 
loop is the one that would obtain under normal stable, or bal- 
anced, conditions such as shown in Figs. 9 and 11. .Starting 
from the point, А, the flux will vary along the curve to В as 
indicated by the arrow. If, as the total magnetomotive force 
passes through zero at this point, B, the voltage, Ei, also passes 
through zero; the electrical circuits of transformer No. 1 are 
collapsed; that is, Ёл is passing through the value shown in Fig. 
15 (d). In the succeeding instant, as E; increases, the transformer 
No. 1 may assume the position of Fig. 9 or the reversed position 
of Fig. 10. Which will it select? Nature demands the easiest 
course, so it will select the reversed relations of Fig. 10 and 12. 

At the point, В of Fig. 16, there 15 energy stored іп the core.* 

*C. P. Steinmetz, “Тһеогу and Calculation of Electric Circuits," p. 219, 


Fig. 106. 
«С.Р. Steinmetz, “Theory and Calculation of Electric Circuits," p. 56, 


$36. 
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Where there is stored energy, there is inertia, either positive 
or negative. In the magnetic field or moving body, there is 
positive inertia; that is a tendency to resist alteration of condi- 
tions. In the electric field or breech full of gunpowder, there is 
negative inertia, called a charge; that is, when released, by 
short-circuiting the condenser or igniting the powder, the stored | 
energy assists alteration with maximum effect at the start. Іп 
some cases, both positive and negative inertia exist, e.g. in elec- 
tromagnetic phenomena. А most striking illustration 1$ a car- 
load of gunpowder standing on a track. If a source of motive 
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power is applied, the positive inertia of the car and its load 
tend to keep the car at rest. Ifa spark touches the gunpowder, 
the negative inertia comes into action and an opposite result 
follows. This distinction of sign of inertia is borne out in соп- 
sideration of electric and magnetic circuits because the induct- 
ance of an electric circuit holds a place in the fundamental 
equations analogous to the moment of inertia in the equations 
of mechanics, and the capacitance holds a place analogous to 
the elasticity of a spring. Of course, elasticity is not synono- 
mous with negative inertia. It is the elastic quality, of the 
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material, that induces storage of energy in such manner as to 
create negative inertia. 

From the standpoint of inertia, when the m.m.f. is altered by 
a small amount from that at the point, B on the loop of Fig. 
16, only a slight change in ф will be required if the flux proceeds 
along the solid curve toward C; that is, little inertia need be 
overcome; whereas a large change in @ will be required to carry 
the flux along the dashed curve toward K. 
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То store more energy or to extract some of the stored energy 
would require an expenditure of energy proportional to the 
amount of energy to be stored or extracted. Тһе expenditure 
of energy results in work being done. То change the amount 
of stored energy represented by the flux at the point, B, to that 
at the point, K, would demand that an amount of work be done 
which is proportional to the increment of m.m.f. multiplied by 
the difference of the fluxes; that is, the work would be approxi- 
mately 


_ Fy (Фк — Ps) 
Е о 
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Whereas, to change the stored energy from that at B to that at 
C would require approximately 


_ Fe (de — $s) 
We 


for an increment of m.m.f. equal in magnitude to F,. 
It is seen from the diagram, Fig. 16, that фс — фь is less than 
фк — $$ іп magnitude, 
and since 
Fx = — Fe 


We = Te (Pe е is less than Wg = Ғк (Oe — os) 


Hence, by both the theories of inertia and of least work, one 
of the transformers of the bank will reverse under the given 
conditions. | | 

After the transformer flux has started from the point, B, 
toward the point, C, it will continue along the solid curve to a 
point, D, where the maximum m.m.f. is reached, because the 
impressed voltage is continuously applied. If Fp is equal to, 
or greater than, Ғ,, фь will be greater than ф, because of the 
energy stored at the point, B, where F —0; just as a separately ex- 
cited generator will build up to higher value of voltage if it has 
some initial magnetism than it will if the flux is initially zero. 

As the m.m.f. decreases, the flux will follow the solid curve 
from D to E, where фь is different from фр; so that, when the 
curve crosses the axis at E, the magnetomotive force, F, and the 
impressed voltage, Ei, do not pass through zero together. Con- 
sequently another reversal does not take place at the point, 
E, but the flux proceeds along the solid curve to the point, А’, 
and thence to B', where another reversal takes place, returning 
the transformers to the relative positions of Figs. 9 and 11; and 
so on, reversing once іп each fundamental cycle. | 

If the magnetomotive force or voltage waves contain har- 
monic components, the problem becomes more complicated; but 
the phenomena of periodic reversal will obtain when the im- 
pressed voltage and circuit conditions are such that the sum of 
the magnetomotive forces in the transformer passes through its 
zero value at the same instant as the impressed voltage. 
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The effect of this periodic reversal is to distort the voltages 
between line terminals and neutral as indicated by Figs. 11 and 
12, and to introduce high harmonics because of the enormous 
magnetic densities to which transformers No. 2 and 3 are sub- 
jected. | 

Since the period of a total cycle of a reversing leg is twice as 
long as the fundamental frequency cycle of the impressed voltage, 
the phenomena are easily distinguishable by the presence of a 
second undertone, or ''one-half" harmonic, in the voltages 
between line terminals and neutral. 

Tests. It was attempted to simulate the conditions of Fig. 8 
in the laboratory by using three similar 10 kv-a. trans- 
formers. Unstable conditions were obtained, but almost. as 
soon as they appeared, arcs would develop in the condensers, 
producing large, very high-frequency effects that made the 
recording of oscillograms useless. Тһе only condensers, that 
were available and at all suitable for the purpose, were one 
microfarad and two microfarad paraffin paper telephone con- 
densers which apparently are not of sufficient dielectric strength. 
Other methods of obtaining the conditions are under considera- 
tion and will be tried as soon as possible. 

Permanently Reversed Leg. Тһе previous paper disposed of 
Case II by saying: “Їп the case with the stable unbalanced leg 
voltage condition, the neutral on the generator side of the bank 
assumed a fixed position with,one leg reversed so that the volt- 
ages from two of the line conductors to neutral were approxi- 
mately V 7, (2.64), times the voltage from the third conduc- 
tor to neutral. 

It 1s easily demonstrated in the laboratory that one trans- 
‘former of an energized three-phase star-star connected bank will 
collapse if a non-reactive load is connected between one line 
terminal and neutral; that is, the voltage of this transformer 
will fall to zero, and the other two will operate as in the open- 
delta connection under no-load. 

It is equally simple to demonstrate that, by applying to one 
transformer of the energized star-star connected three-phase 
bank an e.m.f. from a single-phase generator, the voltage of this 
transformer may be made to assume any desired phase relation 
with respect to the voltage of the other two by merely adjusting 
the phase relation between the three-phase generator supplying 
the bank and the auxiliary generator. Among these possi- 
bilities is the reversed leg relation of Fig. 10, whose voltage re- 
lations are given in Fig. 12. 
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Whereas, to change the stored energy from that at B to that at 
C would require approximately 
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for an increment of m.m.f. equal in magnitude to Fx. 
It is seen from the diagram, Fig. 16, that фс — d, is less than 
фк — Фь in magnitude, 
and since 
Ек =— Fe 
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Hence, by both the theories of inertia and of least work, one 
of the transformers of the bank will reverse under the given 
conditions. | | 

After the transformer flux has started from the point, B, 
toward the point, C, 1% will continue along the solid curve to а 
point, D, where the maximum m.m.f. is reached, because the 
impressed voltage is continuously applied. If Fp is equal to, 
or greater than, Fa, фь will be greater than ф, because of the 
energy stored at the point, B, where F — 0; just as a separately ex- 
cited generator will build up to higher value of voltage if it has 
some initial magnetism than it will if the flux is initially zero. 

As the m.m.f. decreases, the flux will follow the solid curve 
from D to E, where $ is different from фь; so that, when the 
curve crosses the axis at E, the magnetomotive force, F, and the 
impressed voltage, Ei, do not pass through zero together. Con- 
sequently another reversal does not take place at the point, 
E, but the flux proceeds along the solid curve to the point, A’, 
and thence to B', where another reversal takes place, returning 
the transformers to the relative positions of Figs. 9 and 11; and 
so on, reversing once in each fundamental cycle. | 

If the magnetomotive force or voltage waves contain har- 
monic components, the problem becomes more complicated; but 
the phenomena of periodic reversal will obtain when the im- 
pressed voltage and circuit conditions are such that the sum of 
the magnetomotive forces in the transformer passes through its 
zero value at the same instant as the impressed voltage. 
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The effect of this periodic reversal is to distort the voltages 
between line terminals and neutral as indicated by Figs. 11 and 
12, and to introduce high harmonics because of the enormous 
magnetic densities to which transformers No. 2 and 3 are sub- 
jected. | 

Since the period of a total cycle of a reversing leg is twice as 
long as the fundamental frequency cycle of the impressed voltage, 
the phenomena are easily distinguishable by the presence of a 
second undertone, or ''one-half'" harmonic, in the voltages 
between line terminals and neutral. 

Tests. It was attempted to simulate the conditions of Fig. 8 
in the laboratory by using three similar 10 kv-a. trans- 
formers. Unstable conditions were obtained, but almost. аз 
soon as they appeared, arcs would develop in the condensers, 
producing large, very high-frequency effects that made the | 
recording of oscillograms useless. The only condensers, that 
were available and at all suitable for the purpose, were one 
microfarad and two microfarad paraffin paper telephone con- 

densers which apparently are not of sufficient dielectric strength. 
Other methods of obtaining the conditions are under considera- 
tion and will be tried as soon as possible. 

Permanently Reversed Leg. The previous paper disposed of 
Case П by saying: “Іп the case with the stable unbalanced leg 
voltage condition, the neutral on the generator side of the bank 
assumed a fixed position with,one leg reversed so that the volt- 
ages from two of the line conductors to neutral were approxi- 


mately V 7, (2.64), times the voltage from the third conduc- 
tor to neutral. 

It is easily demonstrated in the laboratory that one trans- 

‘former of an energized three-phase star-star connected bank will 
collapse if a non-reactive load is connected between one line 
terminal and neutral; that is, the voltage of this transformer 
will fall to zero, and the other two will operate as in the open- 
delta connection under no-load. 

It is equally simple to demonstrate that, by applying to one 
transformer of the energized star-star connected three-phase 
bank an e.m.f. from a single-phase generator, the voltage of this 
transformer may be made to assume any desired phase relation 

. with respect to the voltage of the other two by merely adjusting 
the phase relation between the three-phase generator supplying 
the bank and the auxiliary generator. Among these possi- 
bilities is the reversed leg relation of Fig. 10, whose voltage re- 
lations are given in Fig. 12. 


ч 
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Of course, it must be noted that in these abnormal relations, 
the voltages on at least two of the transformers are abnormal 
because the vector difference of the leg voltages by pairs must 
always be the voltages between line terminals supplied by the 
three-phase generator. Непсе, unless the tests are conducted 
at low voltages, dangerous voltages may arise or excessive excit- 
ing currents be demanded. | 

Causes. Тһе question arises; what causes the transformer, 
under service conditions, to reverse to this abnormal position, 
Fig. 10, rather than assume the normal position of Fig. 9? 

It is to be recalled that the abnormal phenomena arose upon 
charging the transformers and line together by closing the oil- 
switch on the generator side on the bank. As stated in the 
previous paper; "when charging the line the first time, leg А 
might reverse and continue reversed as long as the bank уаз 
excited. Switching off and on again might bring either leg B 
or leg C in reversed, and the reversed leg would be a stable con- 
dition as long as the transformers and line were energized. 
Occasionally, the three legs would come in without a reversed 
leg and conditions would be normal." 

Subsequent to these tests, large accumulations of atmospheric 
electricity were observed on the line conductors under favorable 
seasonal conditions. With the line isolated throughout its length, 
an electrostatic voltmeter indicated differences of potential 
between line conductors and ground well up in the hundreds of 
volts. "The electrostatic voltmeter had a range of only 80 volts 
and by the use of a series capacitance as multiplier the range 
could be raised to only something like 300 volts, but the poten- 
tials went well beyond this range. After grounding the line to 
drain the charge, the potentials would build up again in a few 
minutes. When neighboring bodies at or near the same hori- 
zontal plane become charged with atmospheric electricity, they 
all accumulate charges, which, though they may differ among 
themselves, give. ай these bodies potentials of the same algebraic 
sign with respect to the earth potential. 

These considerations give foundation to the 14еа that, shortly 
after the three-phase alternating-current supply to the lines has 
been disconnected, the line conductors assume potentials of the 
same sign, say positive. True, under the conditions where 
these phenomena were discovered, Fig. 8, the line conductors 
were connected to grounded neutral transformer windings; but 
these windings and conductors themselves have resistance, so 
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that any drainage of the charge from conductors to ground 
necessitates a difference of potential, and all three conductors 
will continue to have positive potentials, however large or small. 

When the oil switch is closed on the generator side of the bank, 
the inertia of the electric and magnetic fields tends to keep all 
three of the line conductors and transformer windings at positive 
potentials with respect to the earth, and the alternating currents 
start through the transformers in conformity with the initial 
conditions provided. After once started, the phenomena of the 
permanently reversed leg must continue unless, at some point 
in the cycle, the sum of the m.m.fs. in the reversed transformer 
passes through zero at the same instant as the impressed voltage, 
and the transformer reverses periodically as discussed above in 
connection with Fig. 16; or the even multiple frequency discussed 
below, or other yet undiscovered phenomena intervene and take 
precedence. 

Pulsating Neutral. In the third case presented in the pre- 
vious paper, the voltages between line conductors and ground 
contained even multiple frequency components. The original 
explanation of this phenomenon, though not contradicted, was 
questioned for want of clearness, and it will therefore be dis- 
cussed here more fully. 

It has been shown above that, when the transformers and 
line of Fig. 8, are energized by closing a switch on the generator 
side of the bank, one of the transformers may come in reversed 
on account of the initial potential of the line conductors (see 
Fig. 10); and that, if the sum of the magnetomotive forces in the 
reversed transformer does not later pass through its zero value 
at an instant when the impressed voltage passes through zero, 
there will be no opportunity for this transformer to reverse to 
its normal position, Fig. 9. 

With transformer No. 1 reversed and Nos. 2 and 3 in the 
positions shown in Fig. 10, the fundamental component of volt- 
age in Nos. 2 and 3 is 2.64 times that in No.1. At low magnetic 
densities, this unbalance in the voltages apparently does not 
produce excessive unbalance of energy requirements among the 
three phases. 

But as the voltage is increased, and the hysteresis loop of the 
transformers, Nos. 2 and 3, bends over, as in the outer loop of 
Fig. 27, page 52 of Steinmetz’ “Theory and Calculation of 
Electric Circuits," the energy requirement in transformers Nos. 
2 and 3 becomes enormous and thus with that of transformer 
No. 1 produces a gross unbalance. 
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Such being the case, it appears to be easier for the transformers 
to assume electrical relations as lateral edges of an inverted 
isosceles tetrahedron, Fig. 17, and thereby balance their energy 
requirements rather than assume the plane relations of Fig. 10. 
The edges of the base of the vector tetrahedron, Fig. 18, corres- 
ponding to Fig. 17, are the voltages between line terminals and 
conform to the limitations set by the generator. The vectors 
from the center of the base to the corners of the base are the 
fundamental components of the leg voltages. 

since the line conductors tend to stay at a positive potential 
with respect to the earth, and since the potential of the earth 15 
constant, zero, the base of the tetrahedron must be lifted from 
the apex to its maximum position twice in each fundamental 
cycle. That is, the difference of potential between the apex 


Fic. 17 Fic. 18 


(neutral of the transformers) and the center of the base (neutral 
of the line conductors) has two maxima and two minima for 
each fundamental cycle. Hence, the e.m.f., represented by a 
vector coincident with the altitude of the tetrahedron, has 
double frequency. The lateral edges of the tetrahedron do not 
represent the leg voltages because thus far it is only possible to 
represent single frequency variables by single vectors; and leg 
voltages are the vector differences between the double frequency 
vector (altitude of tetrahedron) and the fundamental frequency 
leg voltage components (center of base to corners of base). 
While this explanation is perhaps still unsatisfactory in com- 
pleteness, it is as far as 1t 1s possible to go at present. То sum 
it up: it seems that, at higher voltages and consequently higher 
flux densities, the pulsating neutral phenomena, evidenced by 
the double-frequency voltages between line terminals and neu- 
tral, are preferable to the permanently reversed leg phenomena 


- 
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either because the former produce better balance in the energy 
requirements of the three units or because they make less total 
energy demand on the system, ог both. Тһе last 1s probably 
the actuality because in nature a symmetrical balance is usually 
requisite to maximum efficiency. 

Auto-Transformers. In the fourth case, the high-voltage wind- 
ings of a bank of transformers were connected star to ground the 
_ neutral of an otherwise isolated-neutral transmission line. ‘The 
low-tension windings of the star-connected transformers were 
also star-connected with no-load, but neutral grounded to guard 
against induced potentials. Thus, in effect, these star-connected 
transformers were 1 to 1 auto-transformers or ironclad reactors 
connected between line conductors and ground. 

The even harmonic phenomena were observed with this ar- 
rangement much as in the case of the star-star connected trans- 
formers discussed above. Further than this, the voltages be- 
tween line terminals were approximately doubled by the presence 
of the auto-transformers. 

. At this time, nothing more can be said in explanation of the 
behavior of the auto-transformers than was said in the previous 
paper, except insofar as the above discussion of star-star con- 
nected transformers applies. 

Sixth-Harmonic. Under the conditions where the second har- 
monic prevailed in the voltages between line conductors and 
ground, there was a large sixth harmonic component in the line 
and neutral currents, but there was no pronounced sixth har- 
monic component in the voltages between any line terminals of 
the transformers and neutral. This sixth harmonic current is, 
of course, the third harmonic of the second, and is required in 
the adjustment of the current in the ironclad circuit to meet 
the second harmonic voltage conditions. 

Vibrations—Noises. After a consideration of the tremendous 
forces, electromotive and magnetomotive, to which the trans- 
formers were subjected during the phenomena discussed above, 
it seems almost like adding insult to injury to wonder why the 
transformers vibrated and emitted noises evidencing distress. 

There can be no doubt that these vibrations and noises were 
the results of alternate repulsion and relaxation of stresses in the 
cores or coils, or both, and in their supports and braces, produced 
by the extremely large fluxes involved. | 

Laboratory Tests. In-order to arrive at a rigid solution of the 
phenomena, itis naturally desirable to study them under labora- 
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tory conditions where the factors may be segregated and ana- 
lyzed. With this object in view, it was attempted to simulate 
the conditions of Fig. 8, in the electrical laboratory here.* 

It is obvious that to approach resonance between artificial 
line and transformers a considerable investment in condensers 
would be involved unless low-voltage, low-power transformers 
were used. Оп this basis, three 60-cycle, 10-watt, 1100/2200- 
110-volt potential transformers were selected. It was planned to 
connect them star-star, 1100 to 110-volts, thus putting the 
artificial line on the 110-volt side because high-voltage conden- 
sers were not available. 

Meter measurements of the exciting admittances and suscep- 
tances from 30 volts up to 110 volts showed approximate equiv- 
alent exciting reactances ranging from 150 ohms to 350 ohms. 
In а rough way, this indicated that 20 microfarads per phase 
would be required for the tests. Sufficient paraffin paper con- 
densers were provided. 

While electrostatic voltmeters would have indicated the effec- 
tive values, r.m.s., of the abnormal voltages, it is essential that 
the phenomena be studied by means of an oscillograph. An 
electrostatic oscillograph was not available, and. an electromag- 
netic oscillograph makes so large an energy demand upon the 
circuit investigated than an oscillograph vibrator with its series 
resistance connected between artificial line conductor and neutral 
would have materially altered the character of the line. So it 
was decided to investigate the currents 1n the three transformers 
and line conductors by the insertion of 1.00-ohm shunts from 
which drop leads were connected to the oscillograph. 

The apparatus was connected as shown in Fig. 8 except that 
no conductance was introduced other than that inherent in the 
paraffin condensers. The transformers were in one room near 
the generator, while, in order to expedite manipulation while 
operating the oscillograph, the condensers were placed in the 
oscillograph room about 75 feet from the transformers. This 
made it possible to insert the 1.00-ohm oscillograph shunts 
between the condensers and neutral, which latter was grounded 
for safety. 

By an auxiliary potential transformer connected between 
supply lines, it was possible to keep track of the delta voltage 
impressed on the transformers. 

Because of the excessive leg voltages anticipated, the tests 


*University of California. 
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. were started at very low impressed voltages, and at each voltage 
the capacitances between line conductors and ground were varied 
over the available range, balanced and unbalanced. Of course, 
the current from line conductors to neutral showed the usual 
transformer harmonics, but nothing abnormal occurred until 


1940, (1120 V3), volts between wires was applied to the 
primary side. 

With 1940 volts applied thus, the waves of line to neutral 
currents, on the visual tracing table of the oscillograph, began to 
travel, so to speak. That is, there was introduced a very low 
frequency component which had not been observed in previous 
tests. These phenomena came with only six microfarads be- 
tween each line conductor and neutral. They would not exist 
at lower voltages with larger capacitance or at this voltage with 
smaller capacitance. This substantiates the theories that the 
phenomena depend upon a critical point in the variation of the 
exciting reactance of the transformer, and upon the inter-relation 
of the line susceptance and transformer reactance. 

The records of these phenomena are submitted in oscillograms, 
Т-1, Т-2 and Т-3. 

Noting the 60-cycle (same frequency as supply) timing wave 
on oscillogram 7-3, vibrator 1 and the current from line conduc- 
tor 3 to neutral, shown on vibrator 3 of T-3; it is observed that, 
for any two successive 1/60-second intervals the latter wave 
does not repeat itself but undergoes a consistent alteration. In 
fact, there appear to be no two identical 1/60-second sections 
in the whole record, 7-3, which covers more than 1/6 second. 
This 1$ consistent with the instability and apparently very low 
frequency alternation observed on the oscillograph tracing table 
before the record was taken. Also, the progressive alternation 
of the wave, compared to the stable timing wave from the same 
source, indicates conclusively that the currents in the line, and 
thereby the voltages from line to neutral, are in considerable 
measure independent of the wave shape and frequency of the 
impressed supply voltage when the grounded neutral star-star 
connection is employed in transmission under suitable condi- 
tions. 

The tests could not be carried materially beyond 1940 volts 
impressed because the potential transformers were then carrying 
1.6 amperes each and were doubtless withstanding excessive 
voltages. They became so hot that the insulation filler was 
softened. 
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Next, series resistances up to approximately 200 ohms each 
were inserted in the line conductors. These had no observable 
effect on the production of the phenomena. They probably 
reduced the magnitudes of the currents somewhat but even this 
was not noticeable on the oscillograph. 

It was suggested that admittances connected directly between 
line conductors might have some effect. Some different com- 
binations of delta-admittances alone, and of delta- and Y- 
admittances together were tested. Тһе phenomena depended as 
before upon the magnitude of the Y-admittances and upon the 
impressed voltage. The oscillograms, 7-4, 7-5 and 7-6 are the 
main records. They show substantially the same variation of 
the line to neutral currents as oscillograms 7-1, 7-2 and 7-3. 


The conclusion to be drawn is that the admittances connected 


directly between line conductors, though necessarily affecting 
the line to neutral currents to some extent, are not essential to 
the production of the phenomena of instability. 


CONCLUSION 


While the foregoing can not be thought of as expressing the 
conclusive solution of these most interesting phenomena, it is 
felt that the recent work has resulted in substantial progress. 
In reviewing the subject, it is gratifying to note that the theory 
still stands in essence as originally outlined though there have 
been many additions. and adjustments which, however, have 
served only to make the factors more consistent. 

Since the original tests were made, the writer has been told 
of a case where, in starting up an auxiliary plant, inexplicable 
vibrations in the transformers were observed under conditions 
similar to those involved in these experiments. It happened on a 
grounded neutral 100,000-volt system, where the grounding 
transformers usually had secondary or tertiary deltas. Тһе bank 
at this auxiliary station had no such delta. In starting up this 
time, the line was energized from this station, to be synchronized 
at a distant station. Аз soon as the distant station, with its 
tertiary delta-star grounded neutral bank, was connected to the 
line, the vibrations in the transformers at the auxiliary -station 
ceased. | 

Since then, the writer also noted the remark of Mr. Bernard 
Price in the latter's recent discussion of the report of the Trans- 
mission Committee of the American Institute of Electrical 
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PLATE LXXIX. 


A. l. E. E. 
VOL. XXXVI NO. 12 
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7-І LINE ТО NEUTRAL CURRENTS IN ALL THREE PHASES, 1940, (1120 V3) 


VoLTs BETWEEN LINE TERMINALS IMPRESSED ON TRANSFORMERS, 
Approximately 6 microfarads per phase, line to neutral, 
V-1 Current of phase 1, 
V-2 Current of phase 2, 
V-3 Current of phase 3. 


. 
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T-2 SAME AS 1-1 Except 1820, (1150 V3), VoLTs BETWEEN LINE 
TERMINALS ІМРЕЕ55Ер ON TRANSFORMERS 


[ROBINSON] 


T-3 CONDITIONS SAME AS FOR 1-1 
У-1 Fundamental (60-cycle) timing wave, 
V-2 Neutral current, 
V-3 Current of phase 3. 
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PLATE LXXX 
A. l. E. E. 
VOL. XXXVI, NO. 12 


жужан 


Т-4 2130, (1230 м3), VoLTs BETWEEN LINE TERMINALS IMPRESSED 
ON TRANSFORMERS 
ADMITTANCES BETWEEN LINE CONDUCTORS AND NEUTRAL AND BETWEEN | 


LINE CONDUCTORS 
V-1 Current, phase 1 to neutral, 1.59 amperes, r.m.s. 
V-2 Current, phase 2 to neutral, 1.60 amperes, r.m.s. 
V-3 Neutral current, 3.50 amperes, r.m.s. 


T 5 CONDITIONS SAME AS FOR 7-4 ExckPT 2110 Уогтѕ BETWEEN LINE 


TERMINALS IMPRESSED ON TRANSFORMERS 
V-1 Current, phase 1 to neutral, 1.50 amperes, r.m.s. 
V-2 Current, phase 2 to neutral, 1.50 amperes, r.m.s. 
V-3 Current, phase 3 to neutral, 1.50 amperes, r.m.s. 


[ROBINSON] 
T-6 CONDITIONS SAME AS FOR Т-4 Except 2120 VoLTs BETWEEN LINE 
TERMINALS IMPRESSED ON TRANSFORMERS 
V-1 Current, phase 1 to neutral, 1.55 amperes, r.m.s. 


V-2 Current, phase 2 to neutral, 1.55 amperes, r.m.s. 
7-3 Fundamental (60-cycle) timing wave. 


Note: Line current from each transformer, including currents between 
lines and currents from line conductors to neutral, ranged from 2.00 to 
2.10 amperes, r.m.s., increasing with increased voltage. 
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Engineers.* In the second from the last paragraph on page 596, 
Mr. Price says: ''With the neutral of the 40,000-volt system 
earthed at two distant points, we found the presence of a com- 
paratively large amount of even harmonics, the sixth being 
predominant and over 20 per cent of the fundamental in value 
and in phase with it." There can be little doubt that, by the use 
of the oscillograph, he has discovered much the same phenomena 
as have been here discussed. ; 

An attempt to reach Mr. Price, in South Africa, by letter 
dated in December 1916 has probably been interrupted by ship- 
ping conditions. No reply has been received up to April 24, 1917. 

"These two cases observed in commercial practise, one in South 
Africa and one in the United States, coupled with the facts that 
our original tests were conducted on two dissimilar banks of 
transformers, and that certain of the associated phenomena were 
produced in a bank of three 10-watt potential transformers in 
the laboratory, are, at least, indications that the phenomena were 
not locally peculiar to special conditions as might be thought at 
first sight. 

The writer believes that a system of notation, similar in its 
application to that of the present plane vector complex quantity 
notation used in expression of single-frequency phenomena, would 
be eminently useful in handling the above phenomena of in- 
stability. It hardly seems possible that there is no simple means 
available for representing in one diagram multiple-frequency 
variables either separately or combined. In Fig. 18, an attempt 
has been made toward an extension; but it has not gone very far, 
and difficulties would obviously be encountered if an attempt 
were made to include the third, sixth and a few other harmonics. 
Probably vectors in three-dimensional space will not suffice. 

In closing, the writer desires to acknowledge his indebtedness 
to many engineers who, by their criticisms and suggestions, have 
encouraged the work; and for the facilities placed at his disposal 
for conducting the tests and experiments. 


*TRANS. A. I. E. E., Vol. XXXV, 1916, pp. 590-597. 
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MAGNETIC FLUX DISTRIBUTION IN ANNULAR 
STEEL LAMINAE 


BY A. E. KENNELLY AND P. L. ALGER 


ABSTRACT OF PAPER 


The distribution of alternating magnetic flux density in ring 
laminae is studied experimentally. Itis found to differ materially 
at different radii, not only in root-mean-square magnitude, but 
also in wave form. Тһе reasons for this distortion are discussed. 


T IS well known that when a circular steel lamina, of the 
simple geometrical form shown in Figs. 1 and 4, is subjected 
to a circumferential alternating m.m.f., by the application of a 
ring winding, the magnetic flux density in the lamina is not 
constant over the cross section, but varies with the distance from 
_ the midplane. The flux density is greatest at the surfaces and is 
a minimum at the midplane, owing to what 1s commonly called 
"skin effect," or magnetic screening due to superficial eddy 
currents. This variation of flux density may be called “depth 
variation." "The experiments here reported were undertaken to 
ascertain whether the flux density in the plane of the lamina 
likewise varied. If “edge effect” were present, the flux density 
would be greatest at the inner and outer edges, and would reach 
a minimum at the mid radius. Such variations of flux density 
тау be called “radial variations." The experiments have shown 
that there is a very marked radial variation of flux density in such 
laminae, and also a very marked difference in the wave form of 
alternating magnetic flux density at different radial belts; but 
these variations are to be attributed, for the most part, to 
variations іп the permeability u of the metal under the different 
values of 3C at the different radii, the ''edge effect" or lateral 
magnetic screening being small in comparison therewith. 

The m.m.f. of the ring winding has of course one and the same 
value in all of the circumferential belts. The same ampere turns 
or gilberts act on the outer edge as on the inner edge. Тһе 
gilberts per cm. are therefore less at the outer than at the inner 
edge. This excess of magnetic intensity 3€ towards the inner edge 
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tends to create a greater flux densitv at that edge. But the per- 
meability varies with 3 in such a manner that the crowding 
at the inner edge is exaggerated for low magnetic. densities. 
Moreover, the wave form of the alternating magnetic flux is 
considerably distorted at the edges from that of the total flux in 
the lamina: 

These distortions of radial flux density, although very striking, 
are not entirely new. Kapp has called attention to the fact that 
the mean flux density in the laminated core of a dynamo arma- 
ture, obtained by dividing the total flux by the armature cross 
section, is not the same as the arithmetical mean of the flux 
densities at the inner and outer radii! Niethammer? has also 
computed the flux densities at different radii of a laminated ring 
transformer, and has pointed out that at low average densities, 
the distribution, with a permeability assumed constant, must be 
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Fic. 1—SILICON STEEL LAMINA 


markedly different from that with permeability varying with X 
in the ordinary way. So far as we are aware, however, the matter 
has not been investigated experimentally, and the necessarily 
accompanving distortion in magnetic wave form has not been 
noticed or referred to. 

Laminae Tested. The laminae were annular stampings of high- 
silicon steel. Тһе external diameter of these stampings was 
50.8 cm. (20 in.), the internal diameter was 40.6 cm. (16 in.) and 
their thickness 0.355 mm. (0.014 ш.). These were standard 
blank stampings of best grade transformer steel. Тһе material 
is characterized by high resistivity (52000 absohm-cm.), with a 


1. Dynamomaschinen für Gleich-und Wechselstrom, 3rd Edition, p. 
254, by G. Kapp. 

2. Sammlung Elektrotechnischer Vorträge, Vol. II, Part 11-12. Mag- 
netism, pp. 10-12, by F. Niethammer. 
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low temperature coefficient of the same, and a high initial per- 
meability. 

А laminated core was made up of 25 of the above stampings, 
using an insulating layer of paper 0.076 mm. (0.003 in.) between 
laminae. Тһе resulting core had an average thickness of 1.2. 
cm. (0.47 in) Тһе weight of steel in the core was 4.78 kg. 
(10.5 15.) 

As is indicated in Fig. 1, small holes a, b, were drilled through 
the core, in a diametral line O D, and perpendicular to the plane 
of the laminae. The diameter of each hole was 1.02 mm. (0.040 
in.) Figure 2 gives in greater detail the distances between these 
holes, and the edges of the core. The object of the holes was to 
divide the core radially into three coneentri¢ annular belts, 


Diam. of Holes 
0.102 cm. 
Fic. 2—SHOWING POSITIONS OF HOLES Fic. 3—BELT 


FOR BELT WINDINGS WINDINGS 


the magnetic flux in each of which could be separately determined 
by the aid of suitable windings through the holes. Four fine 
insulated copper wires were passed through each hole to form 
a winding of two turns (Fig. 3) around each annular belt. By 
the use of a Drysdale-Tinsley potentiometer, the voltage induced 
in these two-turn windings could be measured at all the fre- 
quencies employed. In order, however, to obtain oscillograms 
of the induced alternating-voltage wave forms, it was found 
necessary to employ windings of more numerous turns, and two 
sets of larger holes (diam. 5.6 mm. or 0.22 in.) to receive these 
windings, were drilled on another diametral line D’ D’, as shown 
in Fig. 1. Twenty turns were used in these larger belt windings. 

A primary single-layer winding was distributed around the 
core, consisting of 450 turns of d.c.c. copper wire No. 19 A. W. G. 
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(bare diam. 0.91 mm.) divided into six coils аа’, bb', Fig. 4, 
averaging 75 turns each. In addition, two secondary coils сс’, 
сс’, of 75 turns each, were applied at diametrically opposite 
sectors, around all the laminae forming the core. 

The sources of primary impressed voltage were two three- 
phase alternators, specially designed by Prof. C. A. Adams, to 
deliver a close approximation to a sinusoidal wave. One of these 
generators was used up to a frequency of 100 —, and the other 
for frequencies from 100 — to 800 —. Тһе electrical connections 
are indicated in Fig. 4. 
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bb’ are 50-Тшп Primary Coils for 60~ Test 


cc’ are 75-Turn Secondary Coil 
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aa' are 125-Turn Primary Coils | 
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METHODS ОЕ TEsTING 


А-С. Tests. The method of testing by alternating currents 
consisted 1n impressing a sinusoidal e.m.f. on the primarv wind- 
ing 00” Fig. 4, of the desired frequency, so as to produce a total 
flux in the core of sinusoidal wave form. The average maximum 
cyclic flux density generated in the core was then deduced from 
observations of the voltmeter, and also from Drysdale poten- 
потеет readings on a single secondary turn 5; around the core. 
The total flux in the core was found to be substantially sinusoidal, 
as shown in Fig. 5, which is an oscillogram of the e.m.f. induced 
in S; It was soon found, however, that the fluxes in the three 
annular belts were nonsinusoidal. Тһе three fundamental com- 
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ponents of the inner, middle and outer belt e.m.fs from the inner, 
middle, and outer secondary coils S;, 5, and 5, respectively, 
were measured on the Drysdale potentiometer, as 1s indicated in 
Tables I, II, and III for the frequencies of 60, 340 and 696 ~. 
Belt Potentiometer Tests. Тһе results arrived at іп the fore- 
going tables show that the maximum fundamental flux densities 
in the three belt paths are very different, especially towards low 
densities. Тһе cross sections of the three belt paths, as de- 
‘termined by the positions of the two small holes through the 
core, were equal within 3 per cent; but the outside belt carried 
at Въ... = 1000, 340~, only 24 per cent of the total flux instead 
of 30.9 per cent on the basis of constant permeability. Оп the 
other hand, the inside belt carried 45 per cent. Тһе middle 
belt carried 31 per cent. Тһе results for three different frequen- 
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Fic. 6—VARIATION OF FLUX DISTRIBUTION WITH DENSITY 


cies are shown at various flux densities averaged over the 
entire core, in Fig. 6. The curves show that the greatest dis- 
tortion from uniformity in the three annular belt fluxes occurs 
at the lowest flux density, and it diminishes as the density 
increases. At the highest flux density of 13 kilogausses (maxi- 
mum cyclic averaged over the entire cross section) the three belt: 
flux densities are more nearly in inverse proportion to the lengths 
of the respective annular flux paths. The reasons for this non 
uniform distribution at low flux densities will be considered 
later on. 

Belt Oscillograms. Figs. 7, 8 and 9 are oscillograms of the 
secondary e.m.f. induced in windings of 20 turns each on the 
inner, middle, and outer belts, 5, S, and 5, respectively, 
taken at the same time as Fig. 5. The oscillograph was a 
Duddell vibration galvanometer tuned to about 2000 ~. This 
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PLATE LXXXI. 
А. 1. Е. E. 
VOL. XXXVI, NO. 12 


Bmax = 11200 gausses 
f = 63 cycles/sec 


Е {Вмлх= 1 200gausses 
9/ f=63cycles/ec. 
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PLATE LXXXI. 
A. 1. E. Е., 
VOL. XXXVI, NO. 12 


Bmax = 11,200 gausses 


Em f = 63cycles/sec. 


Exciting Current 


E, ax =/2,000 gausses 
| f= 6З cycles/sec. 
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instrument was selected for the purpose, instead of the ordinary 
oil-damped oscillograph because of its sensitiveness, the current 
required to operate it being only about 10 milliamperes r. m. s. 
It was desirable to keep the oscillographic current and ampere 
turns as low as possible, so as not to distort the voltages and 
Вих distributions among the three belts. With 20 secondary 
belt turns, and 10 milliamperes, this secondary m.m.f. would be 
only 0.2 r. m. s. ampere-turn per belt. The resistance of the 
instrument;itself was 130 ohms, and an extra resistance of 57 
ohms was,included in its circuit. The effect of this counter 
m.m.f. of 0.2 ampere-turn was to distort somewhat the wave 


0 90 180 - 
DEGREES 
Fic. 10—REPRODUCTION OF BELT OSCILLOGRAMS TO А UNIFORM SCALE 
AND THE EQUIVALENT SINUSOIDAL TOTAL E.M.F. SUMMATION ORDINATES 
ARE SHOWN BY THE CIRCLES 
Fourier analaysis of flux waves in Fig. 10. 

Eo = 34.5 sin 0 + 5.3 sin 3 0 — 4.2 sin 5 0 + 
| . + 3.1 cos 0 — 2.9 cos 3 0 + 0.4 cos 5 0 + 

Em = 23.8 sin 0 — 2.4 sin 3 0 + 0.9 sin 5 0 + 
— 1.5 cos 8 + 1.0 cos 3 0 4- 0.6 cos 5 0 + 
Е. = 47.7 біп 0 — 8.6 sin 3 0 + 2.0 sin 5 0 + 
% -F0.2cos8 + 0.1 cos 30 - 0.4 cos 50 + 


Eo + Em +E. = 106.0 sin 0 — 5.7 sin 3 0 — 1.3 мп 5 6+ 
1 + 1.8 cos 0 — 1.8 cos 3 0 + 0.6 cos 
56+ 


shape of flux in each of the three belts. This distortion should 
however be of the same character for each belt, and if the three 
belt fluxes were the same, the three belt oscillograms should be 
substantially the same. 

The oscillograms in Figs. 5, 7, 8 and 9 are, however, markedly 
different, showing that the three belt fluxes differ not only in 
their maxima, but also in their wave form. Moreover, in order 
to estimate the amount of distortion in the belt oscillograms 
due to counter m.m.f., all of the oscillograms were repeated with 
only one-third of the resistance in the secondary circuit, so as to 
increase the distorting counter m.m.f. about three times. The 
upper curves in Figs. 7, 8 and 9 were taken with 0.2 ampere turn 
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of counter m.m.f., while the lower curves were thus taken with 
0.6 ampere turn of counter m.m.f. It will be seen that since the 
differences between the upper and lower curves in each case are 
not large, the differences between the upper curves and cor- 
responding curves unaffected by counter m.m.f. would be still 
less. | 

As a further check on the belt oscillograms, they have been 
copied to a uniform scale, as shown in Fig. 10, and then combined 
by addition, as indicated by the small circles. The best represen- 
tative sine wave is drawn on the same figure for comparison, the 
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DEGREES 
Fic. 11—Егох Waves DERIVED FROM INTEGRATION OF THE BELT 
E.M.F. WAVES IN Fic. 10—ALSO THE SiNUsOIDALYAYTOTAL Егох INTO 


WnuicH THEY COMBINE. 
Fourier analysis of flux waves in Fig. 11. 
ф = 36.6ѕіп 0 — 2.4sin 3 0 — 0.8 sin 5 0 + 
0 + 3.2 cos 0 + 0.3 cos 3 0 — 0.4cos 5 0 + 
бу E ы uM E 
— 1.6 cos 0 — 0.4 cos 3 0 + 0.2 соѕ 5 0 + 
$; = 53.2 іп 0 + 2.6 sin 3 0 + 0.5 ѕіп5 0 + 
+ 0.1 cos 8 — 0.04 cos 3 0 — 0.1 соѕ 5 6 + 


+ + фі = 116.4 біп 0 + 1.0sin 3 0 — 0.2 sin 5 0 + 
MOSS + 1.7 cos 0 — 0.14 cos З 6 — 0.3 cos 
504 


total flux being substantially sinusoidal asin Fig.5. The devia- 
tions of the circles from this sine wave are sufficiently small to 
be attributable to errors in reproducing the oscillograms of Figs. 
7, 8 and 9, the amplitudes of which were actually only 1 to 2 
cm. 

The Fourier analysis of the curves Eo, Em and E; are indicated 
іп Fig. 10. The harmonics beyond the fifth are negligible 
throughout. It will be seen that E, contains a 17 per cent 
triple and а 12 per cent quintuple component. Em hasa 11 per 
cent triplecomponent. Е; has an 18 per cent triple component. 
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In the summation of the three waves, the harmonics almost 
disappear except for a residual 6 per cent triple component. 

On integrating the curves of Fig. 10, so as to reduce the induced 
e.m.f.s. to their equivalent magnetic fluxes, the curves of Fig. 
11 are obtained. Аз naturally follows such a process of inte- 
gration, the resulting flux curves are smoother than the original 
oscillographic e.m.f. curves. Тһе agreement of their sum with 
a sine wave is accordingly better. Тһе largest belt flux is 
clearly the inner one ф;. It would be expected that the outer 
belt flux should be the smallest; but as is shown in Fig. 2, the 
width of the middle belt was somewhat unduly small. Figs. 
10 and 11 are thus in substantial accordance with Fig. 5, in 
showing that the total flux through the core was sinusoidal, 
although the individual belt fluxes were far from sinusoidal. 

The corresponding Fourier analysis of the curves in Fig. 11 
appear beneath it. They аге in substantial conformity with 
the e.m.f. wave analysis of Fig. 10. 

The results, appearing in the tables and presented graphically 
in Fig. 6, also indicate that the numerical sums of the funda- 
mentals of the three belt e.m.fs. are equal to the e.m.fs. of the 
turns around the entire core. Moreover in Fig. 6 the sums of 
the ordinates on the belt curves remain equal to unity through- 
out the entire range of averaged flux density. 


REASONS FOR THE DISTORTIONS IN THE BELT Егох DENSITIES 


It is well known that in the primary winding of an excited 
transformer under no load, the exciting current is nonsinusoidal 
when the impressed e.m.f. is sinusoidal; firstly because of the 
varying permeability, and secondly because of hysteresis. The 
current wave under ordinary conditions is peaked. An oscillo- 
gram of the primary current at 63 ~ and 12,000 gausses (max. 
cyc.) appears in Fig. 12. The peak is to be ascribed to the 
change of permeability of the iron during the cycle. Assuming 
a total flux that is sinusoidal, the exciting current at each mo- 
ment must conform to the 90-06 cycle for the entire core. If the 
various belt paths in the laminae had equal lengths, they would 
share the flux equally, neglecting skin effects. Actually, how- 
ever, the inner belt paths are shorter, and these therefore tend 
to carry a larger share of the flux. This in turn alters the 
reluctance, because the permeability depends upon the density. 
At low densities, the tendency is to increase the flux of the inner 
belt paths yet more, because the permeability at first increases 
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with flux density. At high densities, on the contrary, the 
tendency is in the opposite direction. Consequently, at low 
densities, the flux іп the inner belts tends to be very different 
from that in the outer belts, as is shown by Fig. 6. At high 
densities, however, the permeances of the different belts are 
more nearly uniform, and the belt fluxes are nearly inversely 
proportional to the belt lengths. 


EFFECT ом BELT-FLUX WAVE FORM 


An examination of Fig. 11 shows that the wave form of ф;, 
the inner belt of flux, is flat by comparison with a sinusoid; 
whereas “фо is peaked and 4$, is intermediate. It is evident 
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FIELD INTENSITY AT xen tes OF CORE IN GILBERTS “к см. 
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Fic. 13—SATURATION CURVES FOR X 5 SILICON STEEL OBTAINED 
FROM A LAMINATED ANNULAR CORE—INSIDE DIAMETER 40.6 CM.—OUTSIDE 
DIAMETER 50.8 CM.—LAMINATIONS 0.0356 см. THICK 


KILOGAUSSES (Max. Cyclic) 


that ф; must be relatively flat from the curves of Fig. 6, which 
show that at low densities the inner belt carries an extra large 
share of flux, whereas towards higher densities this extra share 
is reduced. Оп the other hand, фо must be relatively peaked 
because the share of the outer belt increases as the density 
increases. In Fig. 10 the conditions are inverted, the relatively 
flat belt flux ф; give rise to a relatively peaked e.m.f. Е;; while 
the peaked фо gives rises to the flattened Eo. Moreover, the 
exciting current has its wave form determined by the total flux 
in the core, or the sum of all the belt fluxes. At the lower den- 
sities existing in the outer belt, this current will be too peaked 
and distorted to produce a sine wave of flux; so that the outer 
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belt flux wave will be correspondingly peaked and distorted. 
The conditions are just reversed in the inner belt. This ac- 
counts for the e.m.f. wave in the outer belt being so much more 
irregular than in the others. Again, the inner flux, being the 
largest of the three, has the greatest share in determining the 
exciting current, and so remains the smoothest. 


SATURATION CURVES 
Fig. 13 shows the saturation curve A BC for the whole core 
of 25 laminae, as deduced from d-c. observations with a flux 
meter connected to an enveloping coil of six secondary turns. 
The upper curve abc represents the corresponding saturation 
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with 60 — alternating current, multiplying the observed r.m.s. 


primary current by V2, to obtain the maximum cyclic magnetic 
intensity 0. Тһе observed e.m.f. per secondary turn was also 


multiplied Бу V2 to obtain the maximum cyclic kilogausses ®. 
Owing to distortion of the impressed e.m.f. waves from the 


sinusoidal form at high flux densities, the factor V 2 is evi- 
dently too low for 3C and too high for (8. It is supposed that if 
these errors did not exist, and that both 20 and @ were sinu- 
soidal quantities throughoat, the curve a b c, would coincide 
with the direct-current excitation curve A B C. 

Similar a-c. saturation curves at higher frequencies are also 
shown up to 7 and 9 kilogausses. It is supposed that these fall 
below the low-frequency curve because of skin effect. 
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The corresponding curves of reluctivity in the laminae, for 
different values of 3%, appear in Fig. 14. The reluctivity for 
direct currents is a rapidly descending line from 0 to 0.5 gilbert 
рег? cm. It then becomes a steadily ascending straight line ЕС 
defined by the equation у = 0.000 07 + 0.000 0723 3€ oersted-cm. 
The apparent reluctivity for a-c. excitation, as similarly obtained 
from the saturation curve a b c of Fig. 13, is the curve D E f g. 
As before, it is supposed that if there were no errors of distor- 
tion in impressed wave form, this curve would coincide with 
DEFG. 

It must be remembered that the reluctivity straight line 
B Е ЕС is a mean value obtained for the core as a whole. 


OUTLINE THEORY OF THE RADIAL VARIATION 


If each lamina has internal radius №; cm., and external radius 
К. cm. and a thickness of h cm., then the reluctance Я of the 
lamina will be, in any belt of radius r and width 47, in terms 
of the reluctivity и, 


АУА 7 | 
R= КУТ, oersteds (1) 


Under a total direct-current m.m.f. of 5 gilberts, the flux in this 
belt will be | 


F $.Й. ағ 
аф = “Go pas maxwells (2) 
But $-—-2mT7r3 gilberts (3) 
JC 
so that аф = h-dr maxwells (4) 


The total flux in the lamina will then be the integral of this, or 
Кз 
ж 
Ф- 1 dr maxwells (5) 
Ri 


3. “Magnetic Reluctance,” TRANs., A.I.E.E., Vol. 8, Oct. 27th, 1891, 
pp. 486-533. Also "Investigation of Magnetic Laws for Steel and other 
Materials," by J. D. Ball, Journal of the Franklin Institute, Vol. 181, 
April, 1916, pp. 459-504. 
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If v were directly proportional to 3C, or if у = b 3€ oersted-cm, 


В: а h 
then ф=Ё | 22 = е (R,— Ry) maxwells (6) 


Ri 


This would mean uniform flux densities in all of the belt paths 
and the absence of all radial distortion. But the reluctivity 1s 
not directly proportional to 3C. Аз we have seen for this par- 
ticular quality of steel, below = 0.5, > = 0.0007 — 0.001 3C 
=a,— 01920, and above Ж = 0.5 


у = 0.000 07 + 0.000 0723 $ = a + b 3C oersted-cm. (7) 


The effect of this constant term a or a, in the reluctivity is 
therefore to make the belt flux d р, at radius r in terms of the 
local magnetic intensity 3C, and flux density (8 


dq. = зла =h. в, 10 maxwells (8) 


The d-c. distribution of flux density for a given value of 9, will 
thus necessarily vary with r, and will tend to be greater on the 
inside. 

We may define the flux-density distortion in a lamina as the 
difference between the innermost and outermost densities В, — Be 
divided by the flux density $4 at the geometric mean radius R 
That is, if В is the geometric mean radius, 


Rz У В, В, = п Р, = Rin cm. (9) 


where n is a numerical ratio, such that №, = n? R; 
It then follows from (8) that 


(51 — Be (7-5) a+b KX, 
2 (a+b nats) (а + Ž sea) 


= (» - ~) 25 numeric (10) 


Since approximately Vi Va = Vg (oersted-cm.)*(11) 
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the distortion is approximately 


В — Be _ a 2 1) қ 
e кат (" » numeric (12) 
The quantity n— 2. = Зэ numeric (13) 


or is the ratio of the width to the geometric mean radius of the 
lamina. We may call it the width-radius ratio. Іп the lam- 


inae tested, the width-radius ratio was 2- — 0.2236. Conse- 


5/80 


quently to the degree of approximation represented by (12), the 
flux-density distortion in a lamina subjected to any continuous- 
current m.m.f. is equal to the width-radius ratio times the ratio 
of the reluctivity constant a to the total reluctivity at the 
geometric mean belt К — 

If a = 0, the flux-density distortion disappears, as we have 
already seen. 

If b = 0, so that the reluctivity is independent of the excita- 
(81-- Be 
Br 

numerically equal to the width-radius ratio. | 

AS ук increases, with increasing flux density, towards satura- 
tion, the ratio a/v& becomes very small, and the distortion nearly 

' disappears. 

On the ascending straight line of reluctivity, above 3€ — 0.5, 
in the case considered, a/v, is always less than unity, or the 
distortion to continuous m.m.f. is always less than the width- 
radius ratio. | 

On the initial descending straight line of reluctivity, below 
% = 0.5 in the case considered, a/v, is likely to exceed unity, 
so that over this range of 3C, the distortion is likely to be greater 
than the width-radius ratio, and, in particular cases, may be 
several times greater. 

In order to prevent the existence of all distortion, the width- 
radius ratio must be reduced to zero, which means that the 
lamina must be cut from a cylinder, instead of from a flat sheet 
of metal. In the ordinary case of a flat annular stamping, the 
distortion diminishes as the mean radius is increased. When it 


tion, (12) becomes = (» - 1) or the distortion is 
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is desired to measure the magnetic properties of the steel with 
considerable precision, the width-radius ratio should be kept as 
small as possible, otherwise the mean apparent permeability of 
the steel at any given intensity 3, as derived from the joint 
behavior of all the belts in parallel, will differ from the true 
permeability in any one belt. Тһе error tends to be greatest 
at low densities referred to the descending branch of the у — 3C 
graph, and diminishes towards high densities. 

The authors are indebted to the American Telephone and 
Telegraph Co., under an appropriation from which the investi- 
gation was carried on. They are also indebted to Prof. С. A. 
Adams and to Mr. R. Eksergian, for valuable suggestions during 
the work. 

CONCLUSIONS 


(1) As has already been noted by several writers, the flux 
density differs in different belts of an annular steel lamina, 
under a circumferential impressed m.m.f. from a distributed 
toroidal winding. Тһе phenomenon may be described as radial 
distortion of flux density. 

(2) The distortion occurs both with continuous and alternat- 
ing m.m.fs. It may be very marked at low densities. At high 
frequencies, flux-density distortion is complicated by skin effects. 

(3) With alternating m.m.fs., a distortion is effected in the 
alternating magnetic wave form, as well as 1n the maximum 
cyclic flux density. Each belt has its own density, and its own 
wave form. Тһе total flux in the lamina being, say, sinusoidal, 
the individual belt fluxes will be nonsinusoidal. The external 
belt fluxes have, in general, the most distorted wave forms. 

(4) The magnitude of flux-density distortion may be defined as 
the difference between the inside and outside flux densities,divided 
by the flux density at the geometrical mean radius. In the case re- 
ported, the observed a-c. flux-density distortion was approxi- 


0.45 — 0.24 
0.31 


(5) The magnitude of flux-density distortion depends upon 
the width-radius ratio of the lamina, or the width of the lamina 
divided by its geometrical mean radius. In the case reported, 
this ratio was 0.224. Тһе smaller this ratio, other things being 
equal, the less the distortion. 

(6) Еога given width-radius ratio, the flux-density distortion 
depends, to a first approximation, on the ratio a/v of the constant 


mately — 0.68, at low densities. 
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reluctivity term a to the total reluctivity v in the geometric mean 
belt. Over the ascending straight range ofthe reluctivity-intensity 
y — 3€ graph, this ratio 1s less than unity, so that, at least in the 
continuous-current case, the distortion will be less than the 
width-radius ratio over this range (above 3€ = 1 in the case 
reported.) On the descending branch of the у — 3€ graph, the 
ratio а/у will be greater than unity, so that at low values of 
%.апа @, the distortion is likely to exceed the width-radius 
ratio (below 3€ = 1, @ = 6000 in the case reported). 

(7) When the magnetic characteristics of steel laminae are to 
be measured with precision, small width-radius ratios should be 
used, in order to avoid errors due to flux-density distortion. 
Strictly speaking, curves derived from annular laminae are all 
subject to distortion errors, especially at low densities. 

(8) The eddy-current losses occurring in annular laminae 
under sinusoidal a-c. excitation are exaggerated by the presence 
of harmonics in the various belt fluxes. 


List OF SYMBOLS: EMPLOYED 


a,b Reluctivity constants for a sample of steel. 

@ flux density in steel, (gausses, ог maxwells per sq. 

cm.) 
@max maximum cyclic flux density in steel (gausses). 
В; Bm Во flux densities in inner, middle, and outer belts 
of a lamina (gausses) and in alternating-cur- 
rent cases maximum cyclic gausses. 

G, flux density in a lamina averaged over the entire 
cross section (gausses and in alternating-cur- 
rent cases maximum cyclic gausses). 

В. 32 В» flux density at inner edge, at outer edge, and at 
geometric mean belt of a lamina, respectively 
(gausses, and in a-c. cases, maximum cyclic 

gausses). 
E electromotive force induced in a winding (volts). 
magnetomotive force applied to a lamina cir- 
cumferentially (gilberts or c. g. s. magnetic 

units). 

gC magnetic intensity or magnetic force in steel 

(gilberts per cm.) 

92, magnetic intensity in a lamina at belt-of radius 

r (gilberts per cm.) 

h width of a lamina measured along any radius 
- (em) | 


e 
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Ул, Vo, Ри 


ф 
Ф, 


$i Фи, Фо 
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ratio of geometric mean radius to inner radius 
of an annular lamina (numeric). 

reluctivity of steel (oersted-cm.) 

reluctivity at inner, outer, and geometric mean 
belts of a lamina, respectively (oersted-cm.) 

total magnetic flux in a lamina (maxwells). 

magnetic flux in a belt of a lamina at radius r 
(maxwells). 

magnetic fluxes in the inner, middle, and outer 
belts of an annular lamina, respectively 
(maxwells). 

reluctance of a belt path (oersteds.) | 

radius of an annular belt (cm.) 

internal and external radii of an annular lamina 
(cm.) 

geometric mean radius of an annular lamina 
(cm.) 

summation sign, Z angle sign, — sign for cycles 
per second. 
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Large Electric Power Stations 


THEIR DESIGN AND CONSTRUCTION 
With Examples of Existing Stations 


BY DR. G. KLINGENBERG 


This English translation of “Bau grosser Elektrizitatswerke’”’ covers 
a field hitherto untouched. While it is almost excessively modern іп 
selection of topics discussed, it deals more than any other book on the 
subject with fundamental principles of power plant design and organiza- 
tion. It is a safe guide for the broad outlines of a power station project, 
rather than a text-book for the draftsman. It will make its appeal to the 
higher type of engineers who must include financial factors in their 
computations. 

The entire analysis is founded on the load curve. From this there 
are developed two new diagrams—the ''steam consumption characteristic'' 
апа the “есопопис characteristic." The former shows the steam con- 
sumed per hour and the latter the generating cost, both on a load base. 
Both curves are approximately straight lines intersecting the coordinate 
axis at a distance from the origin. 

Special topics of immediate interest are discussed in chapters on 
individual economizers, increased steam velocities in pipes, large gen- 
erating units, high vacuum apparatus, switching plant, generator cooling 
and steam vs. motor-driven auxiliaries. The practice referred to is that 
of continental Europe.  Pressures and superheats there regarded as 
standard are now indentical with those used by progressive designers in 
this country, and various underlying factors are thought by experts to be 
drawing American power-station engineers into close alignment with 
practice abroad. For this reason, the Klingenberg book is especially 
timely. It contains comprehensive illustrations and descriptions of 
several recent plants designed by the author. There is an authoritative 
chapter on architectural features, not paralleled elsewhere. 

Not the least suggestive sections of the book are those devoted to a 
basic discussion of transportation costs for coal as compared with those 
for power, and to an analysis of the process of predetermining rates for 
the sale of electricity for any given case. In this last connection a review 
of legislative tendencies and municipal ownership is included. 
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WIRES and CABLES 


Aerial Cables Gas Engine Cables 

Annunciator Wire Heater Cord 

Annunciator Cables Ignition Cables 

Automobile Horn Cord Interior Telephone Wire 
Automobile Lighting Cables Insulating Paper 

Automobile Starter Cables Insulating Tape 

Automobile Charging Cables орог ire 

Automobile I on Cables p Cord 

Armature Coils Lighting Cable, Automobile 
Armature Leads Locomotive Cables, Mine 
Asbestos Braided Wire Moving Picture Cord 

Brush Cables i Messenger Strand 

Border Light Cables Mining chine Cables 

Brewery Cord Р Motor Lead Cable 

Battery Wire Magnet Wire 

Bridle Wire Motor Boat Wires and Cables 
Bare Copper Wire Motorcycle Wires and Cabies 
Bare Copper Strands Office Wire and Cables 

Bare Braided Copper Oilproof Finishing Braids 

Copper Wire, Bare Power Cable, Rubber Insulated 
Copper Strands, Bare Power Cable, Cambric Insulated 
Chargi Cable for Electric Vehicles Power Cable, Paper Insulated 
Copper Clad, Rubber Insulated Packing House Cord 

Copper Clad Weatherproof Paraffine Wax 

Cambric Cables Rubber Covered Wire, М. E. С. 8 
Canvasite Cord Rubber Tape 

Control Cable For Elevators Starter Cables 

Car Wire And Cables Sweeper Cord 

Cotton Tubing or Sleeving ' Spider Wire 

Copper Sleeves | ЭС Stage Cables 

Copper Bells Signal Wire and Cables 
Compound, Pothead No. 1 Submarine Cable 

Compound, Splicing No. $ Switchboard Wire 

Compound, Telephone No. 8 Switchboard Cords 

Drop Wire Switchboard Cable 

Deck Cables Slow Burning Wire 

Electric Horn Cord Solenoids 

Electric Vehicle, Charging Cables Second Spark Coils 

Electric Locomotive Cables Silk Tub or Sleeving 

Elevator Annunciator Cables Telephone Cords 

Elevator Lighting Cables Telephone Wire 

Elevator Control Cabies Telephone Cable, Paper Insulaties 
Enameled Wire Telephone Cable, Rubber Insulatie 
Fixture Wire Tu Cotton and Silk 

Fireproof Wires Tetegraph Wire 

Flameproof Wire Telegraph Cable, Paper Insulation 
Vire and Weatherproof Wire Telegraph Cable, Rubber Insulaties 
Field Coils Vacuum Cleaner Cord 

Friction Tape Vibrator Cord 

Gas Fixture Wire Weatherproof Wire 
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